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APRESENTAÇÃO 

A coletânea “Investigação, Construção e Difusão do Conhecimento em Matemática” 
é uma obra composta por 27 artigos que tem como foco principal a difusão de 
conhecimentos na dimensão matemática perante a uma diversidade de trabalhos. O 
livro apresenta produções científicas do âmbito nacional e internacional em formato de 
relatos de casos, estudos bibliográficos e experimentais com temáticas relevantes para a 
comunidade científica, para professores em exercício e aos que estão aperfeiçoando seus 
conhecimentos acerca do que está sendo pesquisado, debatido e proposto no ensino da 
educação básica, bem como no ensino superior. 

A relevância da matemática nos diferentes níveis educacionais é imensurável. Em 
todo canto e em toda situação a matemática está presente. Perante esse contexto, esta 
obra fomenta as pesquisas na área da educação matemática, dissemina os conhecimentos 
científicos a partir das diferentes visões teóricas e estudos contemplados pela referida 
área, a saber: etnomatemática, tecnologias, recursos didáticos, formação de professores e 
modelagem matemática. Também se insere nessa dimensão da difusão do conhecimento, 
as propostas interdisciplinares e conteudista para a educação básica e ensino superior, 
que visa primordialmente a aprendizagem com qualidade e de acordo com as exigências 
da sociedade contemporânea, isto é, um ensino próximo ao contexto do aluno. 

Debruçar nessa coletânea permite ao leitor se aventurar por diferentes conhecimentos 
científicos. Ampliará seus conhecimentos teóricos, bem como, enriquecerá sua prática 
docente a partir dos relatos com materiais concretos, tecnológicos e problemas 
contextualizados. Todavia, desejo que esta obra contribua significativamente não apenas 
para o enriquecimento teórico e prático, mas como meio motivador para novas investigações 
e consequentemente para a difusão do conhecimento científico matemático.   

José Elyton Batista dos Santos
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RESUMO: A transformada top-hat multi-escala 
é uma operação da morfologia matemática 
utilizada para realçar a qualidade visual de 
diferentes tipos de imagens. Esta técnica 
melhora o desempenho da transformada 
clássica de top-hat, mas normalmente introduz 
distorções no processo de realce da imagem. 
Este trabalho apresenta um algoritmo para 

melhorar o contraste das imagens e preservar 
a luminosidade média. O algoritmo é baseado 
na transformada top-hat multi-escala. Nesta 
transformada top-hat são utilizados dois 
elementos estruturantes de diferentes áreas, 
mais de estruturas semelhantes e planas. Os 
resultados numéricos e visuais mostram que 
o algoritmo realza o contraste das imagens. 
Deve-se notar que ele não gera tanta distorção 
e mantém a naturalidade da imagem.
PALAVRAS-CHAVE: Transformada top-hat 
multi-escala, morfologia matemática, brilho 
médio, elementos estruturantes, melhoramento 
do contraste
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BRIGHTNESS PRESERVATION BASED ON 

MULTISCALE TOP-HAT TRANSFORM

ABSTRACT: Multi-scale top-hat transform is 
one operation of the mathematical morphology 
used to enhance the visual quality of different 
types of images. This technique improves the 
performance of the classic top-hat transform, 
but usually introduces distortions into the image 
enhancement process. In order to solve this 
problem, in this work we propose an algorithm 
that improves the contrast of the images and 
preserve the average brightness. The algorithm 
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is based on the multi-scale top-hat transform. In the top-hat transform two similar and flat 
structuring elements of different areas are used. The numerical and visual results show that 
the algorithm improves the contrast of the images. It should be noted that it does not generate 
as much distortion and maintains the naturalness of the image.
KEYWORDS: Multi-scale top-hat transform, mathematical morphology, average brightness, 
structuring elements, contrast enhancement

1 |  INTRODUCTION

Contrast enhancement in digital images is an important technique in image 
processing. This image enhancement technique helps human vision to better value details 
(MUKHOPADHYAY, 2000). Moreover, it is used as a preprocessing for other applications 
that need to enhance image quality.

Contrast enhancement techniques can be classified in different ways. Currently there 
are many proposals in the state of the art. There are algorithms that enhance contrast 
(AQUINO-MORÍNIGO, 2017), enhance color images (MENDEZ, 2018) and others that 
enhance grayscale images with noise (CHAN, 2005). Histogram-based enhancement 
algorithms are widely used to enhance the brightness zones of an image, but they can 
introduce saturation into the image (ABDULLAH-AL-WADUD, 2007; AQUINO-MORÍNIGO, 
2017; CABALLERO, 2019; PINEDA, 2019). Filters are generally used to improve images 
with noise (CHAN, 2005). Algorithms in the wavelet domain (DEMIREL, 2009) improve 
image resolution. Mathematical morphology is a widely used tool in image processing 
(SOILLE, 2013) and uses morphological operators to extract different type’s characteristics 
of the image, which can be used to perform an image enhancement.

Top-hat transform is one operation of the mathematical morphology used to enhance 
the contrast of different types of images (ROMÁN, 2017; ARYA, 2020). Image enhancement 
by top-hat transform consists of adding bright areas and subtracting dark areas of the 
original image. Multi-scale mathematical morphology has improved the performance of 
the classic top-hat transform and has been shown to be efficient in enhancing the contrast 
of grayscale images. (MUKHOPADHYAY, 2000; BAI, 2012; ROMÁN, 2020). They are 
also useful in multiple applications such as retina study (LIAO, 2014), ultrasound image 
enhancement (PENG, 2010), infrared and visible image enhancement (MELLO ROMÁN, 
2019; ROMÁN, 2020), image fusion (BAI, 2013; BAI, 2018) and small object detection (YE, 
2002). 

The purpose of image enhancement is to enhance features such as brightness, 
darkness, shapes, etc., in the images. Multi-scale top-hat transform can enhance the useful 
features of the image which will then be used to enhance the image (MUKHOPADHYAY, 
2000; BAI, 2012; MELLO ROMÁN, 2019; ROMÁN, 2020). The aim of this work is to 
improve the image in terms of contrast and preserve the natural brightness of the images. 
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For this reason, we propose a method to improve the image using the multi-scale top-
hat transformation using two structuring elements. The novelty of the proposal is that 
two structuring elements are used in the basic operations of mathematical morphology 
(ROMÁN, 2017). However, by adding this variation it is possible to improve the contrast 
of the images, improve the mean brightness and introduce distortions in a moderate way 
(ROMÁN, 2020).

Sections of the article are: Section 2 presents the MSTH2SE algorithm, Section 3 
shows the numerical and visual results and finally Section 4 presents the conclusion.

2 |  IMAGE ENHANCEMENT

Mathematical morphology is based on two basic operations: dilation and erosion. The 
dilation is defined as:

and erosion is defined as: 

where I is the original image and B is the structuring element (BURGER, 2016).
The top-hat transform is a mathematical morphology operation that is used to make 

improvements in digital images (SOILLE, 2013). It is widely used in different applications 
such as medicine (LIAO, 2014; PENG, 2010; ARYA, 2020) and engineering (HAN, 2019). 
The top-hat transform is defined as follows:

where WTH is the top-hat transform by opening, BTH is the top-hat transform by 
closing,  is the morphological opening,  is the morphological 
closing,  and  are morphological operators of erosion and dilation. The bright areas are 
obtained by WTH and the dark areas are obtained by BTH.

Classic top-hat transform uses only one structuring element. In order to improve its 
performance, two structuring elements are proposed (BAI, 2013). For this reason, we will 
use two proportional and flat structuring elements in the top-hat transform.

Let the structuring elements be B and B’ geometrically proportional and flat. Taking 
into account the two increasing structuring elements, the top-hat transform is finally defined 
as follows (ROMÁN, 2017):
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Equations (5) and (6) will be used to perform the image enhancement in the multi-
scale morphological approach.

The image enhancement by the multi-scale top-hat transform will be performed by 
initially configuring the following parameters: The original image I, the number of iterations 
n in the range i={1,2,…n} and the two structuring elements B and B’. The features of the 
structuring elements are: disk and flat. 

The image enhancement process is then described in the following Algorithm 1.

3 |  RESULTS AND DISCUSSIONS

The relative performance of MSTH2SE was compared with the Histogram Equalization 
(HE), Multi-scale Morphological Approach to Local Contrast Enhancement (MMALCE) 
(MUKHOPADHYAY, 2000) and Multi-Scale Top-Hat transform for contrast enhancement 
(MSTH) (BAI, 2012) algorithms. The evaluation of the results was carried out using Standard 
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Deviation (SD) (ROMÁN, 2017), Peak Signal to Noise Ratio (PSNR) (HORE, 2010; BAI, 
2012) that quantifies the relationship between the signal-noise introduced in the image 
enhancement process and Absolute Brightness Error (MABE) (AQUINO-MORÍNIGO, 
2017) that quantifies the conservation of the mean brightness of the processed image. 
For the tests, 100 images from the test folder belonging to the public database BSDS500 
(ARBELAEZ, 2007) were used. The HE, MMALCE, MSTH and MSTH2SE algorithms were 
implemented by the “ImajeJ” framework (BURGER, 2016) and for contrast enhancement 
algorithms based on the multi-scale top-hat transform the “MorphoLibJ” library (LEGLAND, 
2016) was used.

The parameters of the experiments are defined in Table 1.

Algorithms B B’ n
MMALCE r=1 – 10

MSTH r=1 – 10
MSTH2SE r=1 r=10 10

Table 1. Parameter setting

In Table 2 we can see that on the average, the MMALCE algorithm is numerically 
better for the SD evaluator, however the MSTH2SE in the average obtained better results 
for the PSNR and MABE evaluators. The best average results are in bold. 

Algorithms SD PSNR MABE
I 50,160 - -

HE 73,458 15,557 31,147
MMALCE 80,661 14,620 4,465

MSTH 74,485 17,142 4,690
MSTH2SE 74,735 17,159 3,953

Table 2. Average of the evaluations obtained with HE, MMALCE, MSTH and MSTH2SE algorithms.

The images enhanced with the different algorithms are shown in Figures 1 and 2.  
HE introduces a lot of brightness to the image causing loss of details. MMALCE improves 
the contrast but introduces saturations at the edges. MSTH improves the contrast but 
introduces artifacts at the edges of the images.   Besides, MSTH2SE improves the contrast, 
smoothes the image and reduces the artifacts.
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(a) Original image (b) HE (c) MMALCE

(d) MSTH (e) MSTH2SE
Figure 1. Visual results 
obtained by applying 

different enhancement 
algorithms to the Fish 

image
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(a) Original image (b) HE (c) MMALCE

(d) MSTH (e) MSTH2SE
Figure 2. Visual results obtained by applying different enhancement algorithms to the Vase 

image

CONCLUSION

In this work the MSTH2SE algorithm was presented and is used to improve the image 
contrast.  Also, the proposed method preserves the average brightness. MSTH2SE is 
based on the multiscale top-hat transform. The relative performance of MSTH2SE was 
evaluated with: Standard Deviation (SD), Peak Signal to Noise Ratio (PSNR) and Mean 
Absolute Brightness Error (MABE).

The proposed algorithm was compared with state-of-the-art algorithms and proved to 
be competitive, It is worth mentioning that MSTH2SE distorts images less. 
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