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ABSTRACT Color information is useless for distinguishing significant edges and features in numerous
applications. In image processing, a gray image discards much-unrequired data in a color image. The
primary drawback of colour-to-grey conversion is eliminating the visually significant image pixels. A current
proposal is a novel approach for transforming an RGB image into a grayscale image based on singular value
decomposition (SVD). A specific factor magnifies one of the color channels (Red, Green, and Blue). A vector
of three values (Red, Green, Blue) of each pixel in an image is decomposed using SVD into three matrices.
The norm of the diagonal matrix was determined and then divided by a specific factor to obtain the grey
value of the corresponding pixel. The contribution of the proposed method gives the user high flexibility to
produce many versions of gray images with varying contrasts, which is very helpful in many applications.
Furthermore, SVD allows for image reconstruction by combining the weighting of each channel with the
singular value matrix. This results in a grayscale image that more accurately captures the actual intensity
values of the image and preserves more color information than traditional grayscale conversion methods,
resulting in loss of color information. The proposed method was compared with a similar method (converting
the color image into grayscale) and was found to be the most efficient.

INDEX TERMS Decolorization, grey image, image conversion, SVD, technological development.

I. INTRODUCTION

Currently, most of the captured images are color images.
However, it is frequently necessary to convert a color image to
grayscale images for printing, aesthetic intents, object detec-
tion, and publishing as less expensive, helping colorblind
people preserve visual cues [1]. Color-to-grayscale conver-
sion is the process of reducing the image dimensions by
transforming the RGB tristimulus values (Red, Green, Blue)
€ R? to the intensity value (I) R [2]. The lightness values
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ranged from zero (black) to 255 (white), as shown in Fig. 1.
Generally, the conversion process produces an image with
lower contrast than the original color image. The goal of each
conversion algorithm is to preserve the local luminance con-
sistency, global consistency, image contrast information, and
hue order as much as possible [3]. Different processing meth-
ods are required for each pixel in various image-processing
applications. Processing RGB pixels is not feasible due to
high storage requirements and computation costs. The best
solution to these issues is to convert an RGB image into a
grayscale image [4]. Grayscale images are mainly used for
shape characteristics, edge detection, circular objects, and
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FIGURE 1. Sample of the grayscale image.

corners. [llumination and chrominance for matching and cor-
relation had negative effects. Grey images are highly useful
for further segmentation. The contrast and smoothness can
be increased in grey images to obtain more image details.
A grey image requires less memory space and is processed
faster, which is common in image processing.

Suggesting a good algorithm that can transform an RGB
image into a gray image while preserving salient features is a
significant challenge and a complicated process. During the
conversion process, numerous crucial image features, such as
sharpness, shadows, contrast, and color structure, may need
to be recovered. In addition, current methods consume large
amounts of computational time and memory [5].

Algorithms for converting images into grayscale can be
classified into two major groups. The first is based on color
transformation. Usually, the color image (RGB) is transferred
into other color spaces, separating the luminance from the
chrominance channels. In the second group, the lightness
channel can be extracted from the color space (L*a*b*) to
build a grayscale image. The main problem with current color
transform methods is that mapping the same gray value for
various color values with the same luminance leads to the loss
of edge and object boundaries [6].

Methods of converting color images to grayscale can be
classified into three types: global method which has the power
to produce a natural-looking gray image, in general, it is
time-consuming. The second type is the local method, which
has good local contrast preservation but may produce a local
artifact. In addition, a poor property of the local mapping
method is the possibility of mapping the same color value
into various gray values. The third type is hybrid mapping,
which combines the two previous mappings [7].

Using SVD to convert a color image to a grayscale enables
the representation of the image as a collection of singular
values that capture the intensity information of the image.
This can be useful in image analysis and processing tasks
performed on grayscale images. In addition, SVD is a robust
technique for image processing, making it suitable for pro-
cessing images that may be degraded or contaminated by
noise.

The remaining paper is structured as follows: Section two
described the main problems when converting color to a
grayscale image. Whereas section three provides the main
advantages of the current proposal. Section four provides a
brief overview of prior research on converting color images
to grayscale. In section five an idea about SVD and how it
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works is introduced. The methodology is presented in Section
six. Section seven focuses on the results and validates the
proposed algorithm. Finally, we conclude this reserach in
section eight.

Il. PROBLEM DESCRIPTION
Although many conversion techniques have been developed
and reported in state of the art, they still pose several critical
problems, such as [8] and [9]:

o Color distortion: Many grayscale conversion methods
can result in color distortion. This is because these meth-
ods cannot accurately capture an image’s true intensity
values.

o Loss of color information: Many grayscale conversion
methods result in the loss of color information, which
can be significant in cases where the color information
is important for interpreting the image.

« Reduced image quality: Conversion of color images into
grayscale can reduce image quality, particularly in cases
where the image contains subtle color variations that are
important for interpretation.

« Inadequate representation: In some cases, grayscale
images may not adequately represent the original color
image because the information in the color channels may
be lost during the conversion process.

« High computational complexity: Some grayscale con-
version methods, such as those based on the color
appearance model, can be computationally expensive,
rendering them unsuitable for real-time application.

These problems have motivated researchers to develop new
methods to convert color images into grayscale images that
are more accurate, efficient, and robust. The SVD method
aims to preserve important color information in an image,
reduce color distortion, and enhance the image’s visual qual-

ity.

lll. ADVANTAGES OF THE PROPOSED METHOD

The proposed method for converting color images to
grayscale is highly efficient and does not require specialized
hardware, making it well suited for practical applications. It is
designed to be easy to use and integrate into existing image
processing pipelines.

In addition, the proposed method allows users to obtain
high-quality grayscale images without sacrificing the critical
details contained in color channels. This is achieved through
a novel weighting scheme that effectively balances the con-
tributions of different color channels to create a grayscale
image that accurately reflects the underlying color content
of the original image. As a result, this method can be used
confidently in a wide range of applications in which color
information is essential for accurate analysis and interpreta-
tion.

An important advantage of our grayscale conversion
method is that it avoids color distortion, which can be a
significant problem in many existing approaches.
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FIGURE 2. Conversion of a color image by three different methods.

One of the key advantages of the current method is its
robustness to noise, which enables it to perform well even in
noisy or low-quality images. In contrast, other methods may
need help to produce high-quality grayscale results.

IV. BACKGROUND

Several methods have been proposed for converting color
images into grayscale images. One of these methods is to use
one of the (red, green, or blue) channels of the RGB image
or one channel of another image color space, such as using
channel V of the HSV color space. These methods may cause
a loss of discriminative information [2].

A very simple method is based on the mean of the maxi-
mum and minimum values of three colors called (the lightness
method) as in “‘equation (1)’ [10]. The major weakness of
this method is that it does not use three-color components.

min(R, G, B) + Max(R, G, B)

Grayscale image = 5 N

Another method obtained the grayscale value from the aver-
age value of the three colors as in “‘equation (2)” [11], [12]:
R+G+B

Grayscale image = —3 2

This method assigns the same weight to each of the three-
color components, which is a weakness because our eyes
react differently to each color.

One of the best methods for converting color to gray is
based on a weighted combination of RGB channels, called
the luminosity method, as shown in “equation (3)” [13]:

Grayscale = 0.2989 x R+ 0.587 x G+ 0.114 x B (3)

However, this method has several areas for improvement,
including a lack of color separation, insensitivity to satura-
tion, poor handling of certain color combinations, and limited
dynamic range. These weaknesses can result in a loss of
contrast, detail, and color separation in the resulting grayscale
image.

The differences between the two methods are shown in
Fig. 2. Many conversion methods have recently been pro-
posed, but their performances still need to be assessed. As a
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result, the benefits and drawbacks of color-to-grayscale con-
version remain unknown, some of which are:

The authors in [8] presented a method that converts a
color image into other color spaces (L*a*b*), where the
luminance and chrominance components are separated and
processed independently. The chrominance information is
decomposed using singular value decomposition (SVD). The
weight matrix was constructed by multiplying the eigenval-
ues and eigenvectors of the chrominance planes produced
from the SVD analysis. To obtain low-contrast information,
luminance information is combined with a weighted sum
of chrominance data. This method has several advantages
related to the preservation of color information, robustness,
and flexibility, as well as potential disadvantages related to
complexity, subjectivity, and loss of fine details.

In [14], a color-to-grayscale transformation employed
three global linear weighting parameters derived directly
from the correlations between the three-color channels (red,
green, and blue) concerning a base image. The author con-
siders the correlation values (magnitude and sign) to set the
weighting parameters. This method has several advantages,
including its efficiency, direct RGB channel processing, and
comparability to state-of-the-art methods. However, it also
has limitations, including limited applicability to other image
processing tasks, limited accuracy due to reliance on corre-
lations between channels and a contrast image, and limited
flexibility due to fixed linear weighting parameters.

In [15], a method for converting a color image into a
grayscale image was proposed based on extracting eigenval-
ues and eigenvectors from SVD. In this study, converting
the input color image to the CIE Lxaxbx* space is beneficial
for separately processing the luminance and chrominance
information.

Multiplying the eigenvalues and eigenvectors resulting
from the application of SVD to CIELab* produces chromi-
nance matrices. The weighted sum of chrominance and lumi-
nance information obtained from the grayscale image. This
method has several advantages related to the preservation of
color information, robustness, and flexibility, it also has some
potential disadvantages related to complexity, subjectivity,
and loss of fine details.

In [16], a CNN incorporating a local feature network
and coarse classifier was proposed to differentiate between
different exposure conditions of color images. The network
accomplishes this by learning local semantic features. The
authors aimed to achieve optimal results in preserving the
color contrast and exposure settings by training the model
to map color and grayscale images. This method has some
potential advantages in preserving color contrast and expo-
sure settings as well as some potential weaknesses related to
dependence on training data, complexity, loss of fine details,
and difficulty in preserving color contrast.

In [17], the color image (RGB) is separated into three
channels (red, green, and blue) based on the information-
theoretic method, and two weight maps are defined. Using
information maximization, the first weight map extracts the
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FIGURE 3. Schematic diagram of SVD [22].

visually salient regions. By contrast, the second weight map
determines the local entropy per patch by filtering the local
variation value for each image. This approach employs a
multiscale fusion technique to alleviate the local distortions
caused by weight map discontinuities. Information-theoretic
methods have several advantages related to the preservation
of visually salient regions, local contrast enhancement, and
multi-scale fusion. However, the method may be computa-
tionally expensive and require additional optimization for
certain image types or applications.

V. SINGULAR VALUE DECOMPOSITION (SVD)
In recent years, researchers in the field of image processing
have focused on using one of the mathematical algorithms
in the field of numerical linear algebra, which was applied
in a small number of fields at the emerging time but has
rapidly expanded to many other fields. This algorithm uses
singular-value decomposition (SVD).

The SVD provides a capability for the researcher to use
a lot of various dimension matrices by a generalization of
the eigenvalue decomposition idea [18]. SVD transforms
a matrix into three matrices USVT(U and V are rotation
matrices and X is a scaling matrix) that carry some of the
useful and unique properties of the original matrix. The SVD
method in image processing regards algebraic features [19].
SVD decomposes any (m, n) matrix into three matrices as
shown in Fig. 3, where m is the matrix rows, and n represents
the matrix columns, where the rank r satisfiesr < n < m,
it can be decomposed into three matrices as follows:

A=USvT )

Recently SVD has gained popularity and become an attractive
algebraic transform in image processing, owing to its stability
and conceptual advantages. SVD is a reliable and robust
orthogonal matrix factorization technique with prominent
properties in imaging [20]. Recall that the Frobenius norm
of an n X m matrix A € R™™ is defined.

However, this norm does not directly correspond to A as a
representation of a linear map. Specifically, in many contexts,
measuring the difference between two matrices is essential
based on their effect on vectors. A norm on a vector space V
is a function [21]:

IMyv—=R

54632

that satisfies the following three conditions:

O |lv] = O0forallve V and
|lv] = 0 if and only if v =0

O |lkv]| = |k]| ||lv|| for any scalar k ¢ R
and vector v ¢ R¢

O fv+wl < vl + [lw|l for any two
vectors v, we V

The norm of a vector can be thought of as the length or
magnitude of the vector.

VI. BLIND IMAGE QUALITY ASSESSMENT

Image quality assessment is a major challenge in digital
image processing. It can be classified as subjective (based
on the perceptual assessment of a human viewer) or objec-
tive (based on computational models and algorithms used to
mimic the subjective assessment).

No-reference image quality is the main problem in mea-
suring image quality, which is called blind image quality,
which has no prior knowledge about the distortion type.
Assessing the quality of an image without a reference has
long been a challenging research problem, as the image may
be subject to various types of distortion, which can cause
highly varied image content. Additionally, the growing num-
ber and significance of digital images in our daily lives have
resulted in significant interest within the research community
in image quality assessment [23]. The Natural Image Quality
Evaluator (NIQE) and Psychovisually-based image quality
evaluator (PIQE) are prominent techniques in this category.
The NIQE assesses deviations from statistical regularities in
natural images without any exposure to distortion or training
on human-rated distorted images. NIQE determines the per-
ceptual quality of an image by comparing it to a default model
derived from natural-scene images. A higher-quality image is
indicated by a lower score [24].

The Psychovisually-based image quality evaluator (PIQE)
demonstrated an inverse correlation with the perceptual qual-
ity of an image. A high score indicates low perceptual quality,
whereas a low score indicates high quality [25]. In the current
work, we used NIQE and PIQE to compare the quality of
color image conversion methods; in general, the NIQE and
PIQE values did not precisely reflect the quality of images,
but they could be approximate values because we did not
enhance the images before conversion (images may suffer
from noise, blurring, etc.).

VIii. PROPOSED METHODOLOGY

The color-to-grayscale conversion method proposed in this
study is based on SVD, which is a mathematical technique
that can be used to decompose a color image into its con-
stituent color channels. By considering the relative impor-
tance of each channel, SVD can produce a grayscale image
that more accurately captures the true intensity values of the
image and reduces color distortion. The main steps of this
proposal are summarized in Algorithm 1.
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The goal of this algorithm is to convert a color image
into a grayscale image. Grayscale images have only a single
channel of information, where each pixel is represented by
a single gray value instead of three-color values (red, green,
and blue), as in a color image.

The algorithm takes a color image (X) as input and sepa-
rates it into three color channels (red, green, and blue) using
the RGB color model. The image size (the number of rows
and columns) was determined.

A loop is then used to iterate through each pixel in the
image, starting at the top-left corner (i = 1, j = 1) and
progressing row-by-row.

For each pixel, the algorithm creates a vector (C) by read-
ing one byte from each of the three color channels (red, green,
and blue) at the current pixel location (i, j). Optionally, the
algorithm can apply weight to one of the color channels to
create three different vectors (C1, C2, and C3) that can be
used to create three different grayscale images.

Singular Value Decomposition (SVD) was then applied
to each vector (C, Cl1, C2, and C3) separately. SVD is a
mathematical process that can decompose a matrix into three
matrices (U, S, and V). These matrices represent the orig-
inal matrix’s rotation, scaling, and reflection. In this step,
we focused on the diagonal matrix (S) and neglected the
other two matrices. The norm value of the diagonal matrix
is determined using ‘“‘equation (5).”

H§H:\/“2 4522 44 sn? )

where (s) is the value of elements in the diagonal of the
(S) matrix and (n) is the number of elements in a diagonal
matrix (rank).

The norm value (which may be larger than the image range
values (255)) is normalized by dividing it by a specific value
(k) to obtain the gray value corresponding to the color pixel.
Parameter (k) controls the degree of contrast in the resulting
grayscale image in addition to normalization.

The algorithm then calculates the gray value (G) for each
pixel using the formula

G=H§H/k k=2,3...N (6)

where norm(S) is the Frobenius norm of matrix S. The Frobe-
nius norm is a measure of the magnitude of the matrix S.
The gray value (G) was then saved in a grayscale image at
the corresponding pixel location (i, j). This process continues
until every pixel in the image has been processed.
Finally, the resulting grayscale image was displayed, show-
ing the original image in a single-channel gray format.

VIIIl. RESULTS ANALYSIS AND DISCUSSION

Initially, the proposed model was tested to convert color
images into gray images. Accordingly, the results are shown
in Fig. 4. We tested the effect of adding weight to one of
the three channels (multiplying by three, while the other
two channels did not change). In Fig. 5, the color image is
converted into a gray image by multiplying the red channel
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Algorithm 1: Converting Color Image Into a Grayscale Image
Input: color image
Output: grayscale image (Gray Image)

Step 1: Input color image (X)
Step 2: Determine image size (number of rows (NR), number
of columns (NC)).
Step 3: Input parameter (k)
Step 4: Loopi= 1: NR
Step 5: Loop j = 1: NC
Step 6: Read pixel (X (i, j))
Step 7: Separate (X(i, j)) into three channels (Red (xr), Green
(xg), and Blue (xb))
Step 8: Create a vector for each pixel
C (i, j) = [xr Gy j), xg G, j), xb G, j)]
Step 9: Add weight to one of the three parameters in the
vector
C(i,j) =13 x xr (i, j). xg (i, ). xb (i, j)]
/I Optional: you can create three vectors with different loca-
tions of weight to get three different gray images
CI (i, j) = [3 x xr G, j), xg G, j), xb G, j)]
C2 (i, j) =Ixr (,j), 3 x xg (3, j), xb (i, j)]
C3 (i, j) = [xr Gy j), xg (i, ), 3 x xb G, j)]
Step 10: Find the SVD
[USVI=SVD(C(ij))
Step 11: Find the gray value
G =norm (S)/k
Step 12: Save the result in the gray image
Gray Image (i,j) = G
Step 13: End loop /I (step 5)
Step 14: End loop /I (step4)
Step 15: Display the image.

D i

gray by matlab gay by proposal

color

FIGURE 4. Comparing the converting color images into grayscale using
the Matlab with the proposed method. (multiply the red channel by three,
and divide the norm by two).

by three, as shown in the second column. In contrast, the third
column shows the result of multiplying the green channel
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3*Green

o

*Blue

color 3*Red 3

FIGURE 5. The difference between images when adding weight for each
channel (multiply by three), and simple images (dividing parameter equal
two).

by three, and finally, the blue channel is multiplied by three,
as shown in the fourth column.

From Fig. 5, we argue that adding weight to one of the
three channels may significantly affect the grayscale image
resulting from this method. However, some of the images
have a little effect depending on the image content. This will
help produce a gray image suitable for some applications.

The other test examines the effect of multiplying the chan-
nels (red, green, or blue) by a specific factor. In this test, the
color channel is multiplied by the factor (m), where (m = 1..
8); the results are shown in Fig. 6.

We can conclude from Fig. 6 that factor three almost
gives a reasonable gray image; therefore, factor three is a
default color channel, and the user can change it according
to his application and processing. Increasing the value of the
multiplying factor can lead to the brightening of the image;
this can be useful in some cases to extract the object in the
image.

The other test was to test the effect of the divisor on the
result, as shown in Fig. 7, for many images with different
values of the divisor. This test was implemented on color
images by changing the weight of the one-color channel. For
example, in the first row, only the red channel was multiplied
by five, whereas in the second row, the green channel was
multiplied by five, and in the last row, only the blue channel
was multiplied by five. Increasing the divisor parameters
increases the brightness of the image.

Finally, the proposed method was compared with similar
techniques for converting color images into grayscale images,
as shown in Fig. 8.

54634

RED

g@deecee
GEEE0000
II@G@@@@

GREEN

BLUE

X8

RED

GREEN

BLUE

FIGURE 6. The result of color conversion is when multiplying each color
channel by a specific weight (Dividing parameter equal to two.).

RED

GREEN

BLUE

5o /8

FIGURE 7. Effect of dividing image values by a specific number on the
result of the gray image, where each channel multiplies by five.

Regarding visual quality, the results produced by the pro-
posed method are significantly superior to those of other
techniques.
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FIGURE 8. Comparing the proposed method with other methods. 1. Color image. 2. Matlab. 3. Reference [26]. 4. Reference [27]. 5. Reference [28]. 6.

Reference [29]. 7. Reference [30]. 8. Reference [6]. 9. Proposed method.

Finally, the quality of the converted images for the dif-
ferent methods was compared and is listed in Table 1.
It is clear from Table 1 that the proposed method pro-
vides a better image quality than the other methods. The
SVD method produces grayscale images with a higher visual
quality than traditional grayscale conversion methods. This
is because SVD considers the relative importance of each
channel in an image, resulting in a more accurate grayscale
image.
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IX. CONCLUSION

This paper presents a novel and innovative framework for
grayscale image conversion from color images. It is a mean-
ingful conversion that enhances the usual workflow for ana-
lyzing images that work on grayscale images. SVD is the
best way to convert a vector into other vectors based on
the relation between the input vector values. Furthermore,
SVD can preserve more color information in an image than
other gray-scale conversion methods. This is because SVD
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TABLE 1. Compares the gray image quality of various methods.
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Original Quality Gooch Grundland' Smith Kim Lu T.Nguyen proposed

image metric
NIQE 568 7.50 7.09 6.51 6.20 6.75 429
PIQE 2821 29.05 2741 43.16 24.41 28.61 31.01
NIQE 3.58 3.30 3.40 3.61 3.27 3.42 3.07
PIQE 4362 4230 4310 5275 44 .40 43.88 4193
NIQE 10.77 1069 8.13 7.58 10.41 10.82 7.13
’lQE 63.16 6488 45605 5272 65.21 6424 42 41
NIQE 24389 2608 19.77 2385 40.16 2439 11.47
PIQE 8122 381383 8450 8032 77.60 80.80 66.08
NIQE 5.90 5.30 5.65 5.62 5.70 598 457
PIQE 5007 5S4.11 5544 7245 52.73 55.25 4857
NIQE 1120 1025 7.46 6.82 11.21 11.73 460
PIQE 7974 7953 70.60 66.29 79.57 80.84 46.48
NIQE 1007 11.04 9.76 9.82 12.06 10.64 7.45
PIQE 9214 1000 90.50 1000 100.0 100.0 79.95
NIQE 9.15 9.01 7.50 7.58 923 8.81 576
PIQE 8146 8378 7956 79.76 82.66 31.56 57.39
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considers the relative importance of each channel in the image
and produces a grayscale image that more accurately captures
the true intensity values of the image.

Unlike traditional methods, the proposed method has high
flexibility for producing more than one version of a grayscale
image. The parameters used in this method can help users
produce appropriate images for processing and application.
In addition, we resolved the problem of producing the same
value for vectors of the same magnitude using the weight,
which yields different values and grayscale images. This
method’s grayscale image result is highly promising and has
very good quality. This method is more efficient than the other
methods.
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