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Abstract: The current study provides a quantum calculus-based medical
image enhancement technique that dynamically chooses the spatial distri-
bution of image pixel intensity values. The technique focuses on boosting
the edges and texture of an image while leaving the smooth areas alone.
The brain Magnetic Resonance Imaging (MRI) scans are used to visualize
the tumors that have spread throughout the brain in order to gain a better
understanding of the stage of brain cancer. Accurately detecting brain cancer
is a complex challenge that the medical system faces when diagnosing the
disease. To solve this issue, this research offers a quantum calculus-based MRI
image enhancement as a pre-processing step for brain cancer diagnosis. The
proposed image enhancement approach improves images with low gray level
changes by estimating the pixel’s quantum probability. The suggested image
enhancement technique is demonstrated to be robust and resistant to major
quality changes on a variety of MRI scan datasets of variable quality. For MRI
scans, the BRISQUE “blind/referenceless image spatial quality evaluator” and
the NIQE “natural image quality evaluator” measures were 39.38 and 3.58,
respectively. The proposed image enhancement model, according to the data,
produces the best image quality ratings, and it may be able to aid medical
experts in the diagnosis process. The experimental results were achieved using
a publicly available collection of MRI scans.

Keywords: Quantum calculus; MRI; brain cancer; image enhancement; image
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1 Introduction

The term quantum is usually associated with the smallest quantity of any measure or item. The
quantum calculus provides better representation for images, depending on the fact that different
areas of an image frequently seem same. Many researchers have newly become interested in quantum
calculus, which ascends in the mathematical studies of combinatorics and special functions, as well as
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in a diversity of areas connecting the study of fractals and multi-fractal processes. The term quantum
is commonly used to describe the smallest quantity of any measure or item [1]. The application of
quantum calculus concepts has gained in popularity during the last two decades. Researchers have
discovered and published a possible analytic effected tool in image processing using the notion of
quantum calculus (the calculus without limits) [2]. Image enhancement is an important aspect of image
processing. Noises can be recognized with images through realization on transmission. The presence
of noise prevents these images from being used in a variety of applications. By utilizing the extended
concept of quantum calculus, we present the quantum calculus-based medical image enhancement
method to dynamically selects the spatial distribution of image pixel intensity values.

Today, image enhancement is widely utilized to increase the quality of existing images in practically
every field. Low contrast in medical images make it difficult to make a precise diagnosis, hence these
images must be enhanced to avoid misinterpretation of important clinical data [3].

Image enhancement is a form of image processing that is necessary for image analysis and feature
extraction. Enhancing medical imagery is a difficult task due to the unpredictably changing quality of
the acquired images. These findings led to the use of an automated quantum calculus-based approach
is proposed for improving brain MRI scans. The study’s main contributions are as follows:

2 Related Works

Due to differences in contrast, light reflections, and patient movement throughout the capture
procedure, most medical images contain noise. Such noise causes computational issues and affects
the precision of brain cancer diagnosis. Image enhancement is a type of pre-processing that improves
image quality for a specific use. To generate more relevant images than the input image, most image
enhancement algorithms involve spatial operations on image pixels [4,5]. The topic of q-calculus has
piqued the interest of various scholars in recent years, and a range of fresh findings may be found in
the papers. Spatial domain algorithms-based image enhancement techniques have been reported in the
literature. The quantum and fractional calculus are the most extensively used in image enhancement
methods [6]. Quantum calculus (q-calculus) is a relatively recent field of mathematics that allows the
fractional derivative of a real function to be calculated without bounds [7,8]. Several image enhancing
approaches with various mathematical models have been developed in the literature. The concept of
fractional-order-based image enhancement algorithms has recently been proposed in several studies
focusing on improving image quality [6,9].

Al-Shamasneh et al. 2018 [10] proposed a “local fractional entropy” based image enhancement
approach for MRI kidney images enhancement. Only the MRI kidney image enhancement yielded
good results with this model.

Ibrahim et al. 2020 [3] recently published a fractional partial differential equations (FPDEs) based
mathematical medical image enhancement model. The ability of the FPDE to improve low-contrast
images is its main advantage. Similarly, a new fractional calculus-based medical image enhancement
method was developed by [11]. This enhancement method improves image contrast while maintaining
image features, but it fails to improve non-uniform illumination areas in input images.

Fractional calculus operators have lately shown to be an excellent new strategy in image improve-
ment [4,6]. Regardless of the results of the fractional operators as an image enhancement, there is still
room for development.
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The study’s main contribution is a novel quantum calculus-based medical image enhancement
technique to improve low contrast image intensity. The ability of proposed enhancing method is to
increase low contrast image intensities via the adjusting the q parameter which is its key advantage.

3 Proposed Enhancement Algorithm

For increasing image quality perception, we proposed a new enhancement technique that is based
on the concept of quantum calculus because quantum calculus comprises such a model. The entropy
quantifies the variety or unpredictability of a scheme that is presented as follows in the context of
multi-dimensional quantum measurement. The spatial distribution of image pixel intensity values,
where each pixel is adjusted according to a specific formula, characterizes image enhancement. This
motivates us to improve image enhancement by using quantum calculus (QC). The QC is a limitless
version of conventional normal calculus. As mentioned in [12], Jackson was the first to employ the
q-derivative:

for q ∈ (0, 1), a real interval, where 0 ∈ I , and a function ϕ : I → R, the quantum derivative is

�q[ϕ](t) = ϕ(qt) − ϕ(t)
t(q − 1)

, t �= 0, �q[f ](0) = ϕ ′(0). (1)

While, the h−derivative is defined by

�h[ϕ](t) = ϕ(t + h) − ϕ(t)
h

, t �= 0, h > 0. (2)

Hahn proposed the difference operator as a method for building orthogonal polynomial families.
Jackson’s q-difference operator and the forward difference operator are combined in Hahn’s quantum
difference operator (in the limit).

�q,w[ϕ](t) = ϕ(qt + w) − ϕ(t)
t(q − 1) + w

, t �= w0 = w
1 − q

. (3)

More generalizations of quantum calculus are given by Chakrabarti et al. [13].

�q,w [ϕ] (t) = ϕ (qt) − ϕ (wt)
t (q − w)

, (4)

where

[n]q,w = qn − wn

q − w
, (q �= w).

Based on the last definition, Eq. can be modified as follows:

Bω(q, w) = qN − wN

q − w
lim
ω→0

(
log(ϒ(q, w, ω))

log(1/ω)

)
, (5)

where

ϒ(q, w, ω) =
∑N(ω)

k=1
�

q−w
k , 1 > q > w > 0.

where �
q−w
k is the probability of distribution of image pixel intensity values, q, and w are quantum

parameters defined by 1 > q > w > 0. The enhanced image is given by:

E = I × Bω(q, w) (6)
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The Eq. (5) defines the proposed image enhancement model, which is based on quantum calculus
and the quantum parameters q and w. The proposed image enhancement model enhances images with
minor gray-level changes based on pixel probability, which is the idea behind employing it for pixel
type image improvement.

The steps of the algorithm are as follows:

1. Take the input image (I) and select the value of the second parameter w=0.09.
2. Determine the quantum parameter q by experimenting with the image enhancement value.
3. Determine the probability value for each pixel.
4. Use Eq. (6) to calculate the enhanced image.

The idea behind employing quantum calculus (QC) as an image enhancement model is to improve
low contrast intensities by estimating enhanced each pixel values based on the probability details of
image pixels. The mathematical model of applying QC for image enhancement, which may be used
as a successful pre-processing step in any image processing technique, is the study’s uniqueness. The
quantum parameter q is employed for fine detail enhancement, which is empirically determined by
averaging the NIQE scores of all the images in the dataset as shown in Fig. 1. To achieve the optimum
image enhancement quality, the second parameter’s (w) value of 0.09 is chosen.

Figure 1: The average NIQE measure for various values of q

4 Experimental Results

MATLAB 2021b was used to develop the code for the proposed image enhancement algorithm
[14]. In this study, 154 MRI brain images from the “multimodal brain tumor image segmentation
benchmark” (BRATS) were employed [15].
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In Fig. 2, the proposed image enhancement techniques’ qualitative outcomes for MRI images are
shown in which all the images exhibit various trends with dark and bright parts.

Overall, the proposed model’s produces the structures of medical images, which often depict edges,
clearly specified. 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
quantum calculus with q, and w parameters contribution to this study.

Figure 2: (Continued)
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Figure 2: Sample inputs/outputs of the proposed algorithm

For the comparative analysis (Fig. 3), we used the following existing approaches to show that
the proposed enhancement model is effective as a medical picture enhancing tool. Ibrahim et al. [3]
developed an image enhancement approach for medical image improvement based on “fractional
partial differential equations” (FPDEs). Aldawish et al. [6] proposed image enhancement model based
on Mittag-Leffler sum convoluted with Chebyshev polynomial to improve images with low gray level
changes by evaluating the probability of each pixel. Al-Shamasneh et al. [10] developed a fractional
entropy-based approach for enhancing kidney images. Finally, a new fractional integral entropy based
medical image enhancement approach that estimates the probabilities of imaging pixels was developed
by [11]. In terms of image quality, the proposed method outperforms existing methods.

The blind image quality assessment BRISQUE and NIQE scores were employed for the quanti-
tative comparisons, as shown in Tab. 1. The issue of assessing an image’s visual quality without any
reference is known as blind image quality assessment. The blind image quality assessment focuses on
the basic difference between fidelity and quality, which is usually not determined by a reference as in
the human visual system when assessing a target image’s quality. The proposed image enhancement
method outperforms the existing methods in terms of Brisque and Niqe scores. Regardless the degree
of the gray level changes in MRI scans, the proposed method obtains the best of Brisque and Niqe
scores (lower is preferable).
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Figure 3: (Continued)
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Figure 3: The proposed and existing enhancement models’ results on brain MRI. (A) Input image,
(B) Ibrahim et al. [3], (C) Aldawish et al. [6], (D) Al-Shamasneh et al. [10], (E) Jalab et al. [11], (F)
Proposed method

Table 1: The quantitative results of the proposed and existing enhancement models

Input images BRISQUE NIQE

Ibrahim et al. [3] 51.37 4.33
Aldawish et al. [6] 50.80 4.85
Al-Shamasneh et al. [10] 52.84 4.85
Jalab et al. [11] 52.87 5.04
Proposed method 39.83 3.85

In conclusion, when compared to previous methods, the proposed method yields the best results
for MRI scans of diverse visual impairments since its outcomes are reliable across varied datasets.
However, because they were built with a specific application in mind, some existing procedures may
give greater results when employed under specific conditions.

5 Conclusion

A new approach to image enhancing based on quantum calculus as a pre-processing step for low
contrast images is proposed in this study. MRI images with low gray-level have been improved using the
proposed image enhancement model, which estimates the likelihood of each image pixel. According to
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testing results on a variety of images, the proposed methodology outperforms existing methods in the
broad application of image improvement. The main limitation of this study is that the performance of
the proposed model drastically declines as the complexity of the input images rises. Future study may
modify the existing model to specific applications in order to optimize the upgrade’s benefits.
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