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Abstract: The lungs CT scan is used to visualize the spread of the disease across the lungs to obtain better knowledge of the state of the COVID-19 infection. Accurately diagnosing of COVID-19 disease is a complex challenge that medical system face during the pandemic time. To address this problem, this paper proposes a COVID-19 image enhancement based on Mittag-Leffler-Chebyshev polynomial as pre-processing step for COVID-19 detection and segmentation. The proposed approach comprises the Mittag-Leffler sum convoluted with Chebyshev polynomial. The idea for using the proposed image enhancement model is that it improves images with low gray-level changes by estimating the probability of each pixel. The proposed image enhancement technique is tested on a variety of lungs computed tomography (CT) scan dataset of varying quality to demonstrate that it is robust and can resist significant quality fluctuations. The blind/referenceless image spatial quality evaluator (BRISQUE), and the natural image quality evaluator (NIQE) measures for CT scans were 38.78, and 7.43 respectively. According to the findings, the proposed image enhancement model produces the best image quality ratings. Overall, this model considerably enhances the details of the given datasets, and it may be able to assist medical professionals in the diagnosing process.
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1  Introduction

The infectious disease COVID-19 is one of the world's most devastating pandemics, wreaking havoc on numerous health systems around the world and affecting the health and economics of billions of people. The Computed Tomography (CT) is considered as one of common procedures which is used to diagnose COVID-19 [1]. The CT has shown to be useful in detecting the virus that is causing the COVID-19 pandemic. Automated image enhancement of COVID-19 CT scans is regarded an essential first step in the routine diagnosis of COVID-19 infections, but it is difficult due to CT scan intensity inhomogeneity, artifacts, and closeness in the gray level of distinct soft tissue [2].

The CT technology is one of the most important medical imaging technologies that has been constantly improved over the last five decades and has played a significant role in diagnostic, treatment planning, interventional, screening, and has recently been linked to the COVID-19. Whereas, as image quality has improved and acquisition times have decreased, the clinical uses of CT have grown considerably.

The development of a computer-assisted technique to improve CT scans of the lung remains challenging when a very low contrast between the lesion, the surrounding normal tissue, the ribs, and large pulmonary blood vessels is displayed. Despite the fact that a visual assessment is regarded as an adequate standard, it is more prone to diagnostic error that comes from difficulty to distinguish between lesions even for an experienced radiologist. In the discipline of image processing, the use of fractional calculus operators has risen in popularity. Image enhancement is a type of image processing that tries to improve an image's details. Due to the unpredictable change in the quality of the acquired images, enhancing medical imagery is a difficult undertaking. Based on this, we propose in this study an automated algorithm for enhancement of COVID-19” CT scans using the Mittag-Leffler sum convoluted with Chebyshev polynomial. The following are the study's primary contributions:

1- We introduce a novel low-light image enhancement method that improves the contrast of COVID-19 CT scans.

2- For realistic low-light COVID-19 CT scans enhancement, we present a mathematical model based on the Mittag-Leffler sum convoluted with Chebyshev polynomial.

3- The proposed COVID-19 CT scans enhancement can be applied as an effective pre-processing step for any image processing method.

2  Related Works

Most medical images contain noise due to different contrast, light reflections, and patient movement during the capturing process. Such noise causes computational complications and reduces the COVID-19 diagnostic accuracy.

Image enhancement is pre-processing used for improving the image quality for a particular application. Most image enhancement techniques use spatial operations on picture pixels to generate more relevant images than the input image.

Multiple spatial domain algorithms-based picture enhancing methods have been documented in the literature. The most widely used idea in picture enhancing technologies is fractional calculus.

The Riesz fractional model in [3] was proposed to enhance the regions of text in license plate images. In the same approach. For medical images, a kidney region image enhancement was proposed using new local fractional entropy [4]. This method achieved good results for kidney MRI scans with low contrast. Another medical image enhancement based on fractional calculus was proposed by [5]. The method aimed to dynamically enhance the image contents by using new fractional integral entropy. Ibrahim et al., 2022 [6] proposed a new class of fractional partial differential equations as new image enhancement for low contrast medical image of two datasets. However, this method required low resolution images for enhancing the image. Jalab et al., 2021 [7] proposed a new fractional Rényi entropy enhancement model as a pre-processing stage for kidney magnetic resonance imaging (MRI) segmentation. Since the method was developed as a pre-processing for kidney segmentation, it may not work out for COVID-19 detection in X-Ray or in CT scans.

More recently the fractional calculus operators were effectively utilized as a new approach in image enhancement [8–11]. Regardless of the outcomes of the fractional operators as an image enhancement, there is still a possibility for an improvement. Here, we propose a new image enhancement model based on new mathematical model based on Mittag-Leffler-Chebyshev Shift of fractional operator.

The challenges involved in CT scans enhancement include:

1.    In CT scans, the infected spots have different textures, sizes, and positions.

2.    The low contrast border in the appearance area of the CT scan makes it difficult to distinguish from healthy regions during the enhancing procedure.

3.    The level of noise in the infected area is high, which has a significant impact on the COVID-19 diagnostic accuracy.

3  Proposed Enhancement Method

The image enhancement consists of a collection of algorithms that are applied to enhance the contrast details of an image. Due to the large number of captured medical images for COVID-19 diagnosis, the captured image quality may differ depending on imaging system or due to the process of converting image formats, which will lead to reduced quality of these images [12]. Therefore, it is essential to reduce the effects of these causes and enhance the image texture detail prior to any image process. The detail of the proposed mathematical model of Mittag-Leffler-Chebyshev Shift (MLCS) for image enhancement is described in the following subsection. The MLCS model is defined by special function based on two parameters α and β.

The Mittag-Leffler function is a mathematical function which is the major function in fractional calculus. Eα,β is a unique function that specifies two parameters α and β. When the real parameter is strictly positive, the resulting series can be used to define it [13].

Eα,β(χ)=∑k=0∞⁡χkΓ(αk+β).(1)

where Γ(.) is the gamma function. α, and β are the fractional power, and χ is the image pixel value. For special cases, when β=1, it is shortened as Eα(χ)=Eα,1(χ). For the fractional power α=0, the Taylor growth of the geometric series as follows:

E0,β(χ)=1Γ(β)11−χ.(2)

Definition 1. For the power series in χ

ϕ(χ)=∑n=0∞⁡ϕnχn has the transform Bαϕ of ϕ given by the formula:

Bαϕ(χ)≡∑n=0∞⁡ϕnΓ(1+αn)χn(3)

ϕ0Γ(1),    ϕ1Γ(1+α), ϕ2Γ(1+2α)…, ϕnΓ(1+αn).(4)

To continue the definition of Mittag-Leffler-Chebyshev Shift (MLCS), the following power series is considered:

Tτ(χ):=∑n=0∞⁡Tn(τ)χn=1−τ1−2χτ+χ2.(5)

Note that

Tn(τ)=n∑k=0n⁡(−2)k(n+k−1)!(n−k)!(2k)!(1−τ)k,n>0,(6)

where

T0(τ)=1T1(τ)=τTn+1(τ)=2τTn(τ)−Tn−1(τ),(7)

as follows:

BαTτ(χ)≡∑n=0∞⁡Tn(τ)Γ(1+αn)χn(8)

Satisfying

BαTτ(χ)≡∑n=0∞⁡[2τTn−1(τ)−Tn−2(τ)]Γ(1+αn)χn.(9)

where Tτ(χ) is Chebyshev polynomial, Tn indicates its coefficient, and χ is the image pixel value

The proposed image enhancement model is defined in (9), which is based on the MLCS with the fractional parameter α. The idea for using the proposed image enhancement model MLCS for pixel type image improvement is that it enhances images with minor gray-level changes based on the likelihood of each pixel probability.

The algorithm steps are described as follows:

1.    Consider the input image (I).

2.    Set the tune image enhancement value α as the fractal power.

3.    Find the pixel probability value (ϕ).

4.    Calculate the enhanced image using Eq. (3).

The logic behind using of Mittag-Leffler sum convoluted with Chebyshev polynomial as an image enhancement model is to boost low contrast intensities through the estimation of the enhanced each pixel values based on the details of image pixels’ frequency. The novelty of this study is the mathematical model of Mittag-Leffler-Chebyshev Shift (MLCS) for image enhancement which may be used as an effective pre-processing step for any image processing approach.

The fractional power is the parameter α for fine detail enhancement in the proposed enhancement model. In the proposed enhancement model, the fractional power (α) value is the parameter for fine detail enhancement. The value of α, as shown in Fig. 1, is calculated empirically by calculating the average NIQE score for all images in the dataset. It is noted that when the value of α is equal to 2.1, the best score for NIQE is obtained (lower is better).
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Figure 1: The average NIQE measure for different values of α

4  Experimental Results

The proposed image enhancement code was written in MATLAB 2021b, and the comparison analysis with other approaches was done in both Matlab and Python.

In this study, the standard dataset of COVID-19 CT scan by the ‘Italian society of medical and interventional radiology's radiologists’ has been used in this study [14].

The qualitative results of the proposed MLCS image enhancement are shown in Fig. 2. The figure includes the input images, the enhanced images, as well as the histogram plot. It is clear from Fig. 3 that the input image pixel probability looks dense, while the enhanced image pixel probability looks distributed. This indicates that the image's contrast has been improved by the proposed MLCS method.
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Figure 2: The output of the enhancement proposed algorithm along with histogram analysis for CT scans images
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Figure 3: The results of the proposed and existing enhancement models. (A) Input image, (B) Al-Shamasneh et al. [4], (C) Al-Ameen et al. [15], (D) Fu et al. [16], (E) Raghunandan et al. [3]. (F) Ibrahim et al. [6], (G) proposed method

In Fig. 3, the proposed and existing techniques’ qualitative outcomes for CT image input are shown in which all the images exhibit various trends with dark and bright parts.

For the comparative analysis, we used the following existing approaches to show that the proposed enhancement model is effective as a medical picture enhancing tool. Al-Shamasneh et al. (2018) [4] developed a fractional entropy-based approach for enhancing kidney images. Al-Ameen et al. 2016 [15] proposed an MRI brain image enhancing approach. Fu et al. 2016 [16] developed a fusion-based enhancing approach for low-light photos. Raghunandan et al. 2017 [3] developed an image enhancement approach for license plates based on the Riesz fractional operator. Finally, a medical picture improvement model based on the proportional-Caputo hybrid operator's class of fractional partial differential equations (FPDEs) [6].

When existing methods’ enhancement results are compared to the proposed approach's enhancement outcomes, the proposed method outperforms the existing methods in terms of image quality. It may be seen in the instance of the existing approaches that the Al-Ameen et al. [15] Fig. 3C, and Ibrahim et al. [6] Fig. 3F techniques yield over-enhanced images, whereas the suggested method enhances the dark portions of input photos while leaving the brilliant areas alone.

Overall, the proposed model's brightness produces the structures of medical images, which often depict edges, well-defined and clear. This is due to the model's capacity to efficiently capture high frequency features. For images that are poorly lighted, the proposed approach produces reasonable visual results. This is the Mittag-Leffler sum with the fractional parameter α contribution to this study. In Tab. 1, the quantitative outcomes of the proposed enhancement method and existing enhancement models, are summarizes.
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The Brisque and Niqe scores were employed for the quantitative comparisons, as shown in Tab. 1. The blind image quality assessment (IQA) of Natural Picture Quality Evaluator (NIQE) is a completely blind image quality analyzer. For practically all CT scans, the proposed approach obtains the best Brisque and Niqe. As shown in Tab. 1, the proposed image enhancement method outperforms the existing methods in terms of Brisque and Niqe scores.

Regardless of dataset or content, the proposed method obtains the best of Brisque and Niqe scores (lower is preferable). In conclusion, the proposed method produces the best results for CT scans of various visual difficulties when compared to the other methods since its results are consistent across different datasets. However, because they were built with a specific application in mind, some existing procedures may give greater results when employed under specific conditions.

The performance of the proposed approach diminishes significantly as the complexity of the input images increases, which is the fundamental limitation of this work.

5  Conclusion

In this study, we have proposed a new COVID-19 image enhancement based on Mittag-Leffler-Chebyshev polynomial as pre-processing step for COVID-19 detection and segmentation. The proposed approach is based on using the Mittag-Leffler sum convoluted with Chebyshev polynomial. Through the proposed image enhancement model, the images with low gray-level have been improved by estimating the probability of each image pixel. The proposed methodology outperforms existing methods in the wide application of image enhancement, according to testing findings on a variety of lungs CT scans. Future research may customize the current model for specific applications to maximize the benefit of the upgrade.
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Table 1: The proposed model and the evaluation of various image enhancing methods

References Brisque Nige
Al-Shamasneh et al., 2018 [4] 42.85 12.09
Al-Ameen et al., 2016 [15] 40.49 10.38
Fuetal., 2016 [16] 43.48 12.95
Raghunandan et al., 2017 [3] 40.89 11.75
Ibrahim et al. [6] 43.22 13.74

Proposed method 38.78 7.43
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