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Abstract

This research explores the conversion of coloured images to grayscale through the
implementation of the Luminosity method in digital image processing. While colour images
offer rich information, they often require conversion to grayscale for specific applications like
edge detection, object recognition, and medical imaging, which demand simpler data without
compromising the effectiveness of the analysis. Grayscale images help in reducing data
complexity and allow for faster processing. The Luminosity method, widely used for this
conversion, adjusts the red, green, and blue channels based on the perceived light intensity by
humans, with each channel contributing differently to the overall luminosity. Green, for
instance, is given more weight due to the human eye's greater sensitivity to this colour.
However, despite its widespread use, this method does not always yield optimal results, as
image characteristics like high contrast, bright colours, and quality may affect the outcome.
This study aims to evaluate the quality of grayscale images generated through the Luminosity
method, focusing on the accuracy of light intensity representation and the visual appeal of the
resulting images. The findings are expected to provide valuable insights into the use of the
Luminosity method and contribute to the development of more efficient image processing
techniques applicable in fields such as medical imaging, satellite analysis, and object detection.
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Introduction

Colour images, although providing more complex and rich information, often require
conversion to grayscale to simplify analysis or for specific applications that only require light
intensity, such as in edge detection, object recognition, and medical image analysis. Grayscale
enables faster and more efficient processing because it reduces data complexity by eliminating
the colour component, making image processing simpler yet still effective for specific
purposes.

In converting colour images to grayscale, there are various techniques that can be used,
and one of the most common is the luminosity method. This method converts colour images to
grayscale by considering the contribution of each colour channel (red, green, and blue) based
on the intensity of light perceived by the human eye. Each colour channel contributes
differently to the perception of luminosity; therefore, the luminosity method assigns a specific
weight to each channel to produce more natural grayscale values. For example, in many
grayscale conversion models, the green component has a higher weight because humans are
more sensitive to changes in green than in red or blue.

However, even though the luminosity method has been widely applied in various
studies and practical applications, the conversion results are not always optimal for all types of
images. Various factors can influence conversion results, such as differences in image type
(e.g., images with highly contrasting objects or images with bright colours), the quality of the
original image, and the specific requirements of the application that will process the image.
Therefore, it is important to further explore techniques for converting colour images to
grayscale that can produce images with better quality and meet user requirements.

This study aims to explore techniques for converting colour images to grayscale
through the implementation of the luminosity method with a more systematic approach. In
addition, this study also aims to evaluate the quality of grayscale images produced by this
method, both in terms of the accuracy of light intensity representation and the visualization of
the resulting images. The results of this study are expected to provide deeper insights into the
application of the luminosity method in converting colour images to grayscale, as well as
contribute to the development of more efficient and effective digital image processing
techniques, which in turn can be used in various applications such as medical image processing,
satellite image analysis, pattern recognition, and object detection. Thus, this research will be
an important step in expanding the understanding of image conversion techniques and
improving the overall quality of digital image processing results.

Literature Reviews
2.1 Image

Image in the context of the Indonesian language is a very large and multidimensional
aspect, covering various elements such as socio-cultural, educational, and artistic. Through a
review of existing literature, there are several different views that highlight the understanding
and use of image in the Indonesian language.

One approach to imagery can be seen in literary works, such as poetry and novels,
which describe images of women and cultural influences in social representations. For
example, an analysis of images of women in a poetry anthology studied by Hikmah highlights
the complexity and multifaceted nature of women's roles in social life and domestic life that
are valued in literary works [1]. Furthermore, a study related to images in the novel "Si Anak
Pemberani" by Tere Liye shows that there are representations that focus on women's
relationships with God and their fellow human beings [2]. This underlines the importance of
women's roles in the social context and cultural narratives in Indonesia.

On the other hand, Indonesian as a communication tool in the context of education also
plays a role in shaping the characteristics of students. Rabiah's thinking suggests that
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Indonesian is not only a means of communication, but also a vehicle for building character
and creativity, creating synergy between teaching materials and educational methods that
incorporate character values [3]. Other studies show non-compliance with Indonesian
language rules in scientific contexts, such as errors in standard language usage in student
papers, which have the potential to undermine their academic understanding and expression
[4]. This indicates an urgent need to strengthen the proper use of Indonesian in teaching to
improve academic image.

Another aspect of image can be found in the context of Indonesian language use in the
media and advertising. A study conducted by Sirait and Maulana shows how effective
advertising language can influence society, reflecting the image of the product and marketing
character [5]. The language used in such situations is not limited to correct spelling, but also
reflects the identity and promotional strategy that can impact people's memories of the brand.

In addition, the importance of linking language learning to the environmental context,
as explained by Nadila, can make students' understanding more relevant and accurate, as well
as help elevate the image of Indonesian language on a broader level [6]. By integrating local
and cultural values into learning, the image of Indonesian language is strengthened, creating
a greater sense of belonging among learners.

Thus, considering the abundance of existing literature, it can be seen that the image of
Indonesian language is not limited to one aspect, but encompasses various aspects of social
identity, education, and literary works. Improving the understanding and use of Indonesian
language in a more formal manner and with proper structure not only contributes to the quality
of the language, but also strengthens the image of the language as a symbol of unity and
national identity.

2.2 Thresholding

Thresholding is an important technique in digital image processing that is often used
for image segmentation, where the main objective is to separate objects from the background.
This method works by converting colour images into binary images, by setting a threshold
value where pixels that are brighter than the threshold will be categorized as objects, while
pixels that are darker will be considered as background. This process not only involves
selecting a threshold value, but also involves preliminary steps such as converting from RGB
colour space to grayscale [7].

Several studies have explored various thresholding methods, including Otsu and
adaptive thresholding. The Otsu method is known to be effective in automatically determining
threshold values by maximizing the variance between classes in an image histogram [8].
Improvements to this method, such as those proposed in adaptive thresholding, can improve
segmentation accuracy, especially under inconsistent lighting conditions. Research by
Pamungkas and Wijaya shows that adaptive thresholding has a high Jaccard index, indicating
success in segmenting shallot leaf images against diverse backgrounds [9].

For more complex applications, multilevel thresholding techniques have also been
applied. For example, research using the Particle Swarm Optimization (PSO) algorithm to
determine the best threshold shows a performance improvement in colour image segmentation
of more than 10% compared to other conventional methods [10]. Other studies have also
demonstrated the effectiveness of multilevel thresholding methods for mineral classification in
thin section images, where this method allows for more detailed mineral identification
compared to relying on direct visual observation [11].

The diversity of thresholding methods provides advantages in different situations, as
seen with the use of local thresholding techniques to overcome intensity variations in
documents that can be caused by uneven lighting and texture. This technique can produce more
accurate results in document binarization [ 12]. Some have even expanded on Otsu's method to
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develop a three-level local thresholding scheme, which provides more detailed segmentation
results in medical applications [13].

In conclusion, thresholding is an important pillar in digital image processing. Recent
research reflects advances in this method, both through the adaptation of more complex
algorithms such as adaptive thresholding and PSO, and in the application of methods that have
been proven effective, such as Otsu. These efforts not only improve segmentation accuracy but
also expand the use of thresholding in various fields of application, from biomedicine to
material classification. With a variety of techniques available, researchers and professionals
must consider the characteristics of the images to be processed when selecting the most
appropriate thresholding method for their application.

2.3 Luminosity

Luminosity is an important parameter in astrophysics and particle physics that describes
how bright or strong the light emitted by astronomical objects or particle interactions is. In this
context, there is a wide range of literature discussing methods and results of luminosity
measurements in various scenarios, both in galactic environments and in particle physics
experiments.

One way to measure luminosity is through the galaxy luminosity function, which shows
the distribution of luminosity of galaxies in the universe. Research by Huang et al. [14]
provides deep insights into the luminosity function in the context of spiral galaxies, where they
propose that the universal luminosity density spectrum can be matched with the average spiral
galaxy energy density distribution (SED). Furthermore, Balogh et al. [15] state that the colour
distribution of galaxies is related to luminosity, where changes in environment and luminosity
show separate effects on this distribution.

In the world of particle physics, luminosity is very important for accurate measurements
of basic parameters, such as reaction cross sections. Various methods have been used to
determine luminosity with high accuracy in experiments at the Large Hadron Collider (LHC)
at CERN. For example, Sopczak et al. [16] emphasize the importance of luminosity
measurements for physical analysis and describe the measurement systems used by the ATLAS
and CMS collaborations. They explain that methods such as monitoring with MPX detectors
enable the determination of luminosity in a highly accurate environment.

The luminosity measurement system at the LHC has also been optimized through
techniques such as van der Meer scanning, which has been adopted in the ATLAS and CMS
experiments [17], [5]. This technique focuses on luminosity calibration using specific
conditions and detector measurements designed to be highly sensitive and accurate. Beyond its
practical application in physics, luminosity also has relevance in astrophysics studies. For
example, research by Deng et al. [18] shows that galaxy morphology is closely related to
luminosity, where early-type galaxies increase with increasing luminosity. Another study by
Wright [7] also outlines the importance of determining the luminosity function in developing
our understanding of galaxies in the universe.

From a scientific perspective, recording and measuring luminosity not only requires
accuracy but also faces challenges related to environmental variations and measurement
conditions. [19] Therefore, the existing literature provides a holistic picture, emphasizing that
a deep understanding of luminosity is key to answering fundamental questions in astrophysics
and particle physics.

Research Methodology

This study uses a quantitative research design with an experimental approach, which
aims to evaluate the impact of various image processing techniques on digital image quality.
The main focus of this study is to determine how processing techniques such as RGB to LMS
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conversion, conversion to grayscale, and black-and-white (BW) image processing affect image
quality in terms of spatial resolution, brightness, and image clarity. By manipulating these
techniques, this study seeks to determine their effect on the final image results, as well as
provide a comprehensive analysis of how such processing changes image characteristics.

The population in this study consists of digital images in various formats (e.g., JPEG,
PNGQG), representing a range of image qualities. Purposive sampling was used to select 30
images with various features, including variations in resolution, colour depth, and content
complexity. The images will be processed using various image processing techniques, and each
processed version of the image will be compared with the original image for analysis. The
factors measured include spatial resolution, brightness, and pixel accuracy, which are key
indicators of image quality.

Data collection was carried out through image processing tasks using Java NetBeans
7.0 software. This software was used to apply various image processing techniques and save
the processed images for further analysis. Techniques such as uniform and non-uniform
sampling, as well as uniform and non-uniform quantization, were applied to the images. In
addition, colour conversion from RGB to LMS and further to the laf} colour space will also be
explored. The main purpose of data collection is to capture the impact of each image processing
technique on the final image quality, so that a systematic comparison can be made between the
original image and the processed image.For data

analysis, descriptive statistics will be used to evaluate the effectiveness of each
processing technique. This study will focus on comparing spatial resolution, brightness, and
image clarity before and after processing. In addition, statistical tests will be conducted to
determine whether there is a significant improvement or deterioration in image quality as a
result of applying these techniques. This analysis will also involve comparisons between
techniques to identify the most effective method for improving image quality.

Ethical considerations are also important in this study, as all images used will come
from publicly available digital files, so no personal or sensitive data will be involved in the
research. This study will also ensure proper attribution to the original image sources. The
results of this study are expected to provide valuable insights into the effectiveness of various
image processing techniques, which can be used as a guide for further applications in the fields
of digital imaging and computer graphics.

Results
4.1 Application Implementation

The process of creating an image processing application begins with completing the
system design, which includes creating UML, flowcharts, and input and output models. This
design ensures that the application will be built with a clear workflow that meets the
requirements. Once the design is complete, the next step is to provide the hardware and
software, including the operating system, programming language, and other devices that
support the installation and operation of the application.

Once the device is ready, the author continues by writing the program listing, which
involves writing code based on the design that has been created. This coding process is
important to ensure that the application can function according to its intended purpose. After
that, system testing is carried out to evaluate whether the application is functioning properly,
in accordance with established procedures, and to ensure that there are no bugs that interfere
with the application's performance.

The final stage is to provide guidance to users on how to operate the system and perform
system maintenance to ensure that the application continues to run optimally in the long term.
This maintenance includes software updates and bug fixes if necessary, so that the application
can continue to support user needs effectively and efficiently.
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4.2 System Requirements

The implementation of image processing applications requires three main components:
hardware, software, and users. The necessary hardware includes a Pentium IV 1.8 GHz
processor, I GB of memory, a 60 GB hard drive, and a monitor. The software used includes
Java NetBeans 7.0 for application development, Microsoft Word 2010 for documentation, and
Microsoft Office Visio 2010 for designing diagrams and system flows.

The application users consist of students who utilize the application for learning and
experimentation, as well as lecturers who provide guidance and instructions regarding the use
of the application in academic activities. With the appropriate equipment and trained users, the
image processing application can function optimally.

4.3 Program Implementation
Program implementation is the stage at which the application is ready for operation.
The result of this application implementation is image processing that converts colour image
patterns to grayscale using the luminosity method. The main menu form of the application is
used to process image pictures, and the image processing form display when first run can be
seen in Figurel.

| ] Image Explorer - (W]

File  Eait

L 50 %

Figure 1. Main Image Processing Menu Form

On the image processing form, there are several buttons and menus that allow users to
set the image processing process. This application is designed to process images with the *.jpg
extension. The following are the main menus and buttons available:

1. File Menu: To select the Open and Save sub-menus.

o Open: Used to select the image to be converted.

o Save: Saves the image that has been converted through the grayscale process.
2. Edit Menu: Used to select the image conversion process, such as Default, BW, and

Gray.

o Default: Restores the image to its original form (original colours).

o BW (Black and White): Converts the image to black and white.

o Gray: Converts the image to gray.
3. Scroll Bar Button: Used to zoom in or out on the displayed image.

4.4 Testing Process

After the image processing form is run, the next step is to select the image file to be
used for the processing. The image processing form display when selecting an image can be
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seen in Figure 2. At this stage, users can open the desired image file through the file selection
dialog to start image processing.
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Figure 2. File Selection Menu Display

Before testing, the user must select an image by clicking the Open menu. After that, the
program will display a file selection dialog, as shown in Figure 3, to select the image to be

converted.
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Figure 3. Display for Entering or Selecting Images

After selecting the image, the next step is to display the image in the image processing
form. The form display when the image is displayed can be seen in Figure 4.
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Figure 4. The Form Displays the Image

After the image is displayed, the next step is to select the Edit menu. In the Edit menu,

there are two options for converting a colour image to grayscale, namely BW and Gray, as
shown in Figure 5.
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| Detaunt
BwW
| Gray

9%

Figure 5. Edit Form Display

Users can select one of the menus to convert the colour image to grayscale. For

example, by pressing the BW menu, the colour image will be converted to black and white, as
shown in Figure 6
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Figure 6. BW (Black and White) Process Display

After successfully converting the colour image to black and white, the next step is to
convert the image to gray. This can be done by pressing the Gray menu, as shown in Figure7.
- (] >
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Figure 7. Gray Process Display

After performing the two processes above, if the user wants to view the image in its
original colour, the user can press the Default menu. This will restore the processed image to

its original form, as shown in Figure 8.
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Figure 8. Default Process Display

After going through all the editing processes, users can save the processed image by
clicking the Save menu and selecting a storage location to save the image, as shown in Figure
9 below:
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Figure 9. Image Saving Process Display

To view the successfully saved results, open the saved image in the specified storage
location as shown in Figure 9 below, which shows the results of saving a black and white image:
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Similarly, for images that have been processed and saved as grayscale as shown in
Figure 11 below:

Figure 11. Image Saving Results in Gray

Below are the results of images that have been saved after the grayscale and black
and white images have been changed to default or the original image colours
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Below are some results of the process of converting colour images into grayscale
from several images with different levels of grayscale.

4.5 Advantages and Disadvantages of the Application
The advantages of this application include the ability to change images in three formats
(BW, Gray, and Default), a scroll bar to adjust image resolution, the ability to open images,
and the ability to save images to new files. However, this application also has several
drawbacks, namely it cannot yet make changes with other formats, still has functional
limitations, and cannot process images with high resolution.

Conclusion

Based on the results of research entitled "Application of Colour Image Pattern
Conversion to Grayscale Using the Luminosity Method," it can be concluded that an
application system that implements the Luminosity method can be built using Java NetBeans
because this tool is easy to use. The Luminosity method is effective for converting colour
images to grayscale by producing a more intense level of grayness in images dominated by red.

Some suggestions for the development of this application are improvements to the form
display so that users do not feel bored, development of the application to support image
processing formats other than Gray and Black and White ( ), and the addition of menus to make
the system more complete and reliable. In addition, tools that facilitate image processing and
allow the application to directly save files in .JPG or .PNG format need to be added.
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