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Abstract Numerous research endeavors have employed the color selection

procedure for a vast array of purposes. Detecting defects in fabrics,
calculating the Microbial Community Color Index, analyzing digital color in
facilitating fashion design processes and applying color to artworks,
calculating canopy cover, and achieving other objectives have been the
subject of research. This procedure necessitates intricate steps, intricate
calculations, and lengthy computational time. In this study, a novel strategy
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for optimizing the color selection process using the Hadamard product
technique is presented. The HSV color space is optimized by selectively
selecting the desired colors and establishing threshold limits for each hue,
saturation, and value component. The optimization results demonstrate
that the desired colors are perfectly distinguished from other colors.
Additionally, the proposed method employs a straightforward, step-by-step
procedure that does not require feature extraction. In comparison to
previous research, a remarkable increase in computational speed of
1,078.82 times faster has been observed. This improvement is achieved by
multiplying each element of the HSV matrix resulting from color selection
as opposed to the HSV matrix without selection. This study's findings are
applicable not only to plant images but also to all cases requiring color
selection under visible light conditions.
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Justification

In this study, a novel strategy for optimizing the color selection process
using the Hadamard product technique is presented. The optimization
results demonstrate that the desired colors are perfectly distinguished
from other colors. Additionally, the proposed method employs a
straightforward, step-by-step procedure that does not require feature
extraction. In comparison to previous research, a remarkable increase in
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computational speed of 1,078.82 times faster has been observed. This
study's findings are applicable not only to plant images but also to all cases
requiring color selection under visible light conditions.

Scope

This article is very interesting to readers because it describes a simple,
accurate, and fast color selection process. Using ordinary visible-light
cameras or UAV cameras, the proposed method can be implemented in
agriculture and other fields requiring rapid color selection.

Unique Contribution

In this research, a novel approach employing the Hadamard Product
technique was used to optimize the Color Sselection procedure. In the HSV,
optimization is done by choosing the desired colors with the Heaviside
Step Function, which involves setting threshold values for each hue,
saturation, and value. The proposed method involves element-wise matrix
multiplication utilizing the Hadamard Product technique between the
matrix resulting from the conversion to HSV without selection and the
matrix resulting from the conversion with selection. The optimization
results indicate that the desired colors have been successfully separated
from other colors.
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¢ For technical issues with our online submission system, contact oprs-
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of protecting the personal information collected from users in the operation of these services and
have practices in place to ensure that steps are taken to maintain the security, integrity, and privacy
of the personal data collected and processed. You can learn more by reading our privacy policy. In
case you don’t want to be contacted by this publication again, please send an email to
jacobs.s@ieee.org.


http://url7745.atyponrex.com/ls/click?upn=tbxA7sYzvryhsq7rXZEeq2BFAlNa5V8iSu6zk6X0CYy8BAZWoI5VqmDdXNm3DT6LoYPaZ79xZmDsf9b1PJqrHAF5z9lnRMQ8SojfXqkt6aBlu5VbUX66aLpwRev-2BbsYfrdpB_T-2F9zpL1xjqpMdZal766xxHPCmjfz8FnoCDIBtChhyi7nFMr0QmuXlaG1Wr1x6x3vm-2B49XB5cGMznlYlBBsEQW6PWDTT2-2B-2BU0AHrJ3IDbNq7J0Zaf3XQfSzIhnuUdbxVifKlOnvP5XtL-2BIk8LTX3ZqIoX8Pg15OTAbstwHTkNIfoMGSoCn-2FApPpQRC4okhSbzymQ5RpIDhVNVK-2FQzoLGWLStBIqh4n41YZ4jJRsmkWsjVMX9IW4bWs2wM-2BicRKYbXPeoKpaRRApoRlXpprs7eL2AI9KHTo2GJFretCGALpedZxj-2F-2BYo-2Bm-2BIVid2L9jzvqKWjRTPe1ZJ5vGED-2FcVXU5-2FVQ3ACK3-2B0tvu3zb9xQyL5rW2HXFYvQNgiEOGr9juIt-2F73ZQSlpZPDrzC-2B7bRHJsw-3D-3D
http://url7745.atyponrex.com/ls/click?upn=RRH2sK3-2BkPRWHKREbErRK96AwNhBm9BvGjS4CAXEjXdXwmwxBYNAwiTpu6-2Fk4XQ2Xl-2Bya49yWE3poEY67-2FY2Q0k-2FkqRJFG3CXBPbQhKm1I0myhAi7gorZnE0nybwR04RJIiBgVu7HZt86Ts9xIby8lX9bBs2FK3tnQ1-2BTIQhCszjhBgzzuR0Ov9H4rsvkyKiu-c9_T-2F9zpL1xjqpMdZal766xxHPCmjfz8FnoCDIBtChhyi7nFMr0QmuXlaG1Wr1x6x3vm-2B49XB5cGMznlYlBBsEQW6PWDTT2-2B-2BU0AHrJ3IDbNq7J0Zaf3XQfSzIhnuUdbxVifKlOnvP5XtL-2BIk8LTX3ZqIoX8Pg15OTAbstwHTkNIfoMGSoCn-2FApPpQRC4okhSbzymQ5RpIDhVNVK-2FQzoLGWLStBIqh4n41YZ4jJRsmkWsjVMX9IW4bWs2wM-2BicRKYbXrcM6dEWSH2P4DsjAbuP765ng7k-2FuTMhtDJvDjSdCv-2Bl6WKzECGQ00KnQxcbXSqbdnuOXXeGKcDS-2FIFghoBEipIEuCkpEPSvEcojqk4SHO-2BosPoPJvdpOVOttssq6Ph3H3s9ZX0yvwkqkYsVJuHePuQ-3D-3D
http://url7745.atyponrex.com/ls/click?upn=RRH2sK3-2BkPRWHKREbErRK96AwNhBm9BvGjS4CAXEjXdXwmwxBYNAwiTpu6-2Fk4XQ2Xl-2Bya49yWE3poEY67-2FY2Q0k-2FkqRJFG3CXBPbQhKm1I0myhAi7gorZnE0nybwR04RJIiBgVu7HZt86Ts9xIby8lX9bBs2FK3tnQ1-2BTIQhCszjhBgzzuR0Ov9H4rsvkyKiu-c9_T-2F9zpL1xjqpMdZal766xxHPCmjfz8FnoCDIBtChhyi7nFMr0QmuXlaG1Wr1x6x3vm-2B49XB5cGMznlYlBBsEQW6PWDTT2-2B-2BU0AHrJ3IDbNq7J0Zaf3XQfSzIhnuUdbxVifKlOnvP5XtL-2BIk8LTX3ZqIoX8Pg15OTAbstwHTkNIfoMGSoCn-2FApPpQRC4okhSbzymQ5RpIDhVNVK-2FQzoLGWLStBIqh4n41YZ4jJRsmkWsjVMX9IW4bWs2wM-2BicRKYbXrcM6dEWSH2P4DsjAbuP765ng7k-2FuTMhtDJvDjSdCv-2Bl6WKzECGQ00KnQxcbXSqbdnuOXXeGKcDS-2FIFghoBEipIEuCkpEPSvEcojqk4SHO-2BosPoPJvdpOVOttssq6Ph3H3s9ZX0yvwkqkYsVJuHePuQ-3D-3D
http://url7745.atyponrex.com/ls/click?upn=tbxA7sYzvryhsq7rXZEeq-2BsUorOQLr07pp0e-2FqWK-2FrZOTfZpZsrpvw-2BOUcP1lKQTEssqen-2FAl-2Fy91snsOX5wv4Bb7IU16lPVoxC-2Bhg2yxxA-3DU6tn_T-2F9zpL1xjqpMdZal766xxHPCmjfz8FnoCDIBtChhyi7nFMr0QmuXlaG1Wr1x6x3vm-2B49XB5cGMznlYlBBsEQW6PWDTT2-2B-2BU0AHrJ3IDbNq7J0Zaf3XQfSzIhnuUdbxVifKlOnvP5XtL-2BIk8LTX3ZqIoX8Pg15OTAbstwHTkNIfoMGSoCn-2FApPpQRC4okhSbzymQ5RpIDhVNVK-2FQzoLGWLStBIqh4n41YZ4jJRsmkWsjVMX9IW4bWs2wM-2BicRKYbXdlsRK4WO1rOdBpJyc3NVpimmbCaHsNAMiKyC466rpKE5y7a5RaHfY-2FCL188KzIP8ObZlitD0qlECSdgnnhwTJaaWRVnnBne23SgPJfnv2ohWSlzpg1SRoOf1G9PGdWlvXK6e85wQNc1OjTPvGb3ZNw-3D-3D
http://url7745.atyponrex.com/ls/click?upn=tbxA7sYzvryhsq7rXZEeq-2BsUorOQLr07pp0e-2FqWK-2FrZOTfZpZsrpvw-2BOUcP1lKQTEssqen-2FAl-2Fy91snsOX5wv4Bb7IU16lPVoxC-2Bhg2yxxA-3DU6tn_T-2F9zpL1xjqpMdZal766xxHPCmjfz8FnoCDIBtChhyi7nFMr0QmuXlaG1Wr1x6x3vm-2B49XB5cGMznlYlBBsEQW6PWDTT2-2B-2BU0AHrJ3IDbNq7J0Zaf3XQfSzIhnuUdbxVifKlOnvP5XtL-2BIk8LTX3ZqIoX8Pg15OTAbstwHTkNIfoMGSoCn-2FApPpQRC4okhSbzymQ5RpIDhVNVK-2FQzoLGWLStBIqh4n41YZ4jJRsmkWsjVMX9IW4bWs2wM-2BicRKYbXdlsRK4WO1rOdBpJyc3NVpimmbCaHsNAMiKyC466rpKE5y7a5RaHfY-2FCL188KzIP8ObZlitD0qlECSdgnnhwTJaaWRVnnBne23SgPJfnv2ohWSlzpg1SRoOf1G9PGdWlvXK6e85wQNc1OjTPvGb3ZNw-3D-3D
mailto:oprs-support@ieee.org
mailto:oprs-support@ieee.org
mailto:jacobs.s@ieee.org
http://url7745.atyponrex.com/ls/click?upn=tbxA7sYzvryhsq7rXZEeqxP5D5fHg2csqaBT-2BDB8XoO0b-2BR4O7KF92BhJf-2B7dHI5nQYf-2FpTO9Ru2NS-2FG-2FCVeAA-3D-3DRLEW_T-2F9zpL1xjqpMdZal766xxHPCmjfz8FnoCDIBtChhyi7nFMr0QmuXlaG1Wr1x6x3vm-2B49XB5cGMznlYlBBsEQW6PWDTT2-2B-2BU0AHrJ3IDbNq7J0Zaf3XQfSzIhnuUdbxVifKlOnvP5XtL-2BIk8LTX3ZqIoX8Pg15OTAbstwHTkNIfoMGSoCn-2FApPpQRC4okhSbzymQ5RpIDhVNVK-2FQzoLGWLStBIqh4n41YZ4jJRsmkWsjVMX9IW4bWs2wM-2BicRKYbXUEpsYuoQUPk7OV8EKvpOcNnRlCh2o2nMjlGJQj7WtmQOpZlxzA-2BVROGGK1Iop-2F7cD6rsAOSFxHr5Y8ngHcLGNLdpQJveVKtmPq-2FijWClQwWIDxoKmM1-2FNsgeNF2LRwgWWcGIA0wXF0grUiwt6Fr-2BcQ-3D-3D
mailto:jacobs.s@ieee.org

Manuscript submitted to IEEE Access

|IEEE Access <no-reply@atyponrex.com>
Tue 9/19/2023 2:08 PM

To:Toni Kusnandar <33220008@mahasiswa.itb.ac.id>

Dear Toni Kusnandar,

Your manuscript entitled "A Novel Method for Optimizing Color Selection Using
The Hadamard Product Technique" has been successfully submitted online
through the IEEE Author Portal and is being delivered to the Editorial Office of
IEEE Access for consideration.

You will receive a follow-up email with your Manuscript ID and any other relevant
information about your submission from our electronic peer review platform,
ScholarOne Manuscripts, in the next several days.

Thank you for submitting your manuscript to /[EEE Access

Sincerely,
The Editorial Staff at IEEE Access

By submitting a manuscript to or reviewing for this publication, your name, email address, and
affiliation, and other contact details the publication might require, will be used for the regular
operations of the publication, including, when necessary, sharing with the publisher (IEEE) and
partners for production and publication. The publication and the publisher recognize the importance
of protecting the personal information collected from users in the operation of these services and
have practices in place to ensure that steps are taken to maintain the security, integrity, and privacy
of the personal data collected and processed. You can learn more by reading our privacy policy. In
case you don’t want to be contacted by this publication again, please send an email to
jacobs.s@ieee.org.

Caution: This Message was sent from outside of Institute Technology Bandung (ITB). Please do not

click Link or open attachment unless you recognize the source of this email and know the content is
safe. Please report all suspicious email to "it-helpdesk@itb.ac.id" as an attachment.



http://url7745.atyponrex.com/ls/click?upn=tbxA7sYzvryhsq7rXZEeqxP5D5fHg2csqaBT-2BDB8XoO0b-2BR4O7KF92BhJf-2B7dHI5nQYf-2FpTO9Ru2NS-2FG-2FCVeAA-3D-3DGVyp_T-2F9zpL1xjqpMdZal766xxHPCmjfz8FnoCDIBtChhyi7nFMr0QmuXlaG1Wr1x6x3vm-2B49XB5cGMznlYlBBsEQWw7lWte09IjZTri0Wg5nWazQ8cI3bI0zCNrNdP15-2B3LsqW0SD-2F7qHO5oJA3T4cJsuGnVQB03dUIPgauVg8YdasqHgPyEZUwWaKA6fzkGLvwe0-2BIV4Max75nz-2BvtHLSPBh1gyt3hhQKJuncL1fZlc-2FqTNIVXC9GQXwEFg7zbN2jwsVcAtOlXv7EaXnMi0QWkzmDFZYM0G2scVdGgJyM2n4Ntimd8ckkzGJ5hHlU1ZkL02hpnl-2BomIohO1TNP08kuTVlTLq0X7YQQfcTY6i2zYZ0ddOSE2gpEdjo4ffsTsJ3akA9aIqxp6sOI1V-2BVm9d46nQ-3D-3D
mailto:jacobs.s@ieee.org

».Gmail

IEEE Access - Decision on Manuscript ID Access-2023-29188

1 message

IEEE Access <onbehalfof@manuscriptcentral.com> Wed, Nov 8, 2023 at 23:07
Reply-to: gjeon@inu.ac.kr

To: Toni Kusnandar <33220008@mahasiswa.itb.ac.id>

Cc: gjeon@inu.ac.kr, Toni Kusnandar <33220008@mahasiswa.itb.ac.id>, Dr. Judhi Santoso, M.Sc.
<judhi@itb.ac.id>, Ir. Kridanto Surendro, M.Sc., Ph.D. <endro@itb.ac.id>

08-Nov-2023
Dear Mr. Kusnandar:
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regardless of the reviewers' request(s). However, we encourage you to check the formatting of your
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payment process, please contact CCC Customer Service at IEEESupport@copyright.com.
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ABSTRACT Numerous research endeavors have employed the color selection procedure for a vast array of
purposes. Detecting defects in fabrics, calculating the Microbial Community Color Index, analyzing digital
color in facilitating fashion design processes and applying color to artworks, calculating canopy cover, and
achieving other objectives have been the subject of research. This procedure necessitates intricate steps,
intricate calculations, and lengthy computational time. In this study, a novel strategy for optimizing the color
selection process using the Hadamard product technique is presented. The HSV color space is optimized by
selectively selecting the desired colors and establishing threshold limits for each hue, saturation, and value
component. The optimization results demonstrate that the desired colors are perfectly distinguished from
other colors. Additionally, the proposed method employs a straightforward, step-by-step procedure that does
not require feature extraction. In comparison to previous research, a remarkable increase in computational
speed of 99.91 percent has been observed. This improvement is achieved by multiplying each element of the
HSV matrix resulting from color selection as opposed to the HSV matrix without selection. This study's
findings are applicable not only to plant images but also to all cases requiring color selection under visible

light conditions.

INDEX TERMS Color Selection, Color Space, Hadamard Product, Heaviside Step Function

. INTRODUCTION

The color selection method has been utilized in numerous
research studies for a wide variety of purposes. Utilizing color
selection techniques to address issues of noise and blurriness
in original fabric images, research has been conducted to
detect defects in fabrics. Enhancing the contrast between flaws
and the backgro is the strategy. Utilized preprocessing
methods include color space conversion, Gaussian filtering,
saliency map generation, and contrast stretching [1]. In
addition, color selection processes are used to calculate the
Microbial Community Color Index (MCCI). Analyzing
images involves considering circular regions of varying
diameters. At each pixel, the RGB channel intensities (red,
green, and blue) are extracted to generate an artificial color
scale resembling the original filter colors. This fabricated scale
is then used to[Ehlculate the MCCI [2]. Color selection is also
performed for digital color analysis in order to facilitate the
fashion design process and the use of artistic colors in fashion
product design [3].

This study improves upon an earlier one that used only the
hue parameter to select green in the HSV color space from
plant images [4]. to the separation of color channels,
intensity channels, and saturation channels, the HSV color
space is still used for this optimization. Given that a key
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characteristic of healthy photosynthesis is increased green
reflectance [S5]—[7], this study begins by filtering only green
light. The median hue value for green is approximately 120°,
but for the purposes of this study, the hue range 90° to 150° is
selected. The heavyside step function is utilized during the
color separation procedure in the HSV color space (HSF). The
optimization results for choosing green or other colors are
flawless, as no undesirable hues are retained.

In addition, this optimization drastically reduces the
computational time, from two to three minutes to just 0.2 to
0.3 seconds. This increase in computational speed is
accomplished by implementing the HSF method via element-
wise multiplication with the Haddard Product (HP) technique.

RELATED WORKS

Fractional gnee@anopy cover (FGCC) has become a non-
destructive and easy-to-measure variable that is used in fields
like ecology, environmental science, and agronomy to
measure active vegetative land cover at different spatial and
temporal scales. Canopeo is a program that uses the Automatic
Color Threshold (ACT) algorithm, which was made in the
Matlab programming language and uses RGB color values
(MathWorks, Inc., Natick, MA).Canopeo alyzes and
categorizes every pixel in an image based on the R/G, B/G,
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and excess green index ratios. Canopeo can find FGCC faster
and more accurately than the other software packages that
were looked at in this study.However, Canopeo has some
limitations. It necessitates keeping the camera above the
canopy. For vegetation exceeding 2.5 meters in height, aerial
photographs or specialized equipme are required.
Combining the excess green index with the R/G and B/G ratios
to spot other components in digital images is an area in need
of more research [§].

Corcoles et al. conducted an experiment to derive canopy
cover (CC) measurements from UAV-collected images. The
obtained images were analyzed in order to differentiate the
green color of plants from colors representing soil, shadows,
and rocks. The k-means method was used to analyze color
clusters during image processing, necessitating the
transformation of RGB images into the L*a*b* color space.
The plant images were adequately separated from soil,
shadows, rocks, and other elements, as determined by visual
inspection. However, this process becomes less
computationally efficient when applied to the entire image. In
order to circumvent this computational inefficiency, only the
selected portions of the image were utilized [9)].

Scientists worldwide are interested in plant harvestingg
monitoring farms, forests, and other locations. The GLI is the
best vegetation index for all case studies, as it looks at all
visible spectrum bands captured by RGB cameras. This index
consistently provides better results than other ones, regardless
of the situation. However, the way each index works in each
case study is different, so there is a better index for each unique

hophoto that shows where there is vegetation. The results
of this study can be used with any RGB orthophoto, whether
taken from the ground or from the air [10].

In a perfect world, the results of vegetation indices (VI)
would not be affected by changes in illumination and would
accurately reflefsgffile true state of plant conditions. Automatic
multiresolution Retinex correction can help reduce the effects
of lighting changes in color in@s captured by UAVs during
flights on cloudy days. When the multivariate linear model is
built using the five most important top VIs, this correction

cess enhances the model's performance [11]. The method
to correct uneven contrast and luminosity has also been
appli fundus images, which have been processed in five
steps: image input, selection, luminosity correction, histogram
stretching, and post-processing. Through one-dimensional
lowpass filtering, a Luminosity Surface Smooth (LS) is
constructed from the region of interest (ROI) in this method
(1DLF). This method effectively reduces uneven luminance
and increases contrast in fundus images affected by reflections
[12].

The colors we see come from light waves that are reflected
by objects. The source of the light and the way the objects
reflect light affect the colors we see [13]. In studies of the
perfect reflectance method, it has been determined that
accurate reflectance data is generated by objects with effective
light reflection [14]. The light reflectance or light intensity of

digital 1images can be determined by using a variety of color
spaces, which are mathematical representations of sets of
colors. These?sresentations can be used. All color spaces are
derived from the red, green, and blue (RGB)Jata provided by
devices like cameras and scanners. RGB is the 1 popular
color space for computer images due to the fact that red, green,
and blue can be used to create any desired color [6].

The transformation of color spaces is a fundamental aspect
of image processing and a crucial aspect of observing the real
world through camera equipment [15], [16]. The objective of
the transformation of color spaces is to faithfully reproduce the
data that was collected from the physical world without
making any changes to the data itself. The veracity of real
images can be reproduced with the help of a variety of color
space models, and the appropriate data can be extracted from
them based on the application. Therefore, the requirement for
color space transformation is crucial [15]. However, such
transformations frequently result in the loss of information.
Some examples of color space transformations that result in
loss of information include printing in grayscale, converting
multispectral or multiprimary data to tristimulus space, and
converting between color gamuts [17].

White
o

Black

FIGURE 1. A three-dimensional h depicting the brightness, chroma,
and hue of actual surface colors :%?

Color sfifite systems can precisely describe color stimuli.
Multiple color systems, including RGB, CMYK, and
CIELARB, are utilized. FIGURE 1 depicts a three-dimensional
representation of a color space with luminance along one axis,
chroma along another axis, and a hue circle where hue is
measured in degrees. This configuration provides a reasonable
color scale in terms of luminance and chroma, while scaling
along the hue circle is relatively consistent [18].

Element-wise multiplication, also known as Hadamard
Product (HP), is an often-overlooked concept in matrix theory
for element-by-element multiplication [19], [20]. Element-by-
element matrix multiplication is fundamental in matrix
computations, especially in matrix differentials, with
Hadamard Product being a notable example [21]. Due to the
element-by-element nature of the multiplication, matrices
must be of identical size when employing this operation [19].

In the past few decades, dehazing images has become an
intriguing area of study within the computer vision
community. Recently, image dehazing techniques based on
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deep learning have matured and become more trustworthy,
demonstrating remarkable performance. A novel HP model
consisting of data-driven priors and employing the Learnable
Hadamard-Product-Propagation (LHPP) technique has been
proposed. This method mitigates noise and artifacts during the
restoration process, resulting in optimal output [22].

The use of drones, also known as unmanned aerial vehicles
(UAVs), provides significant benefits to precision agriculture
by reducing labor needs and achieving significant time savings
[23], [24]. UAV image capture is more effective and user-
friendly [25]. By providing quick calculations and enabling
real-time identification processes, the proposed method will
bolster the advantages of UAV use in agriculture.

lll. PROPOSED METHOD

The color green that plants reflect is one of the indicators of
healthy photosynthesis [5], [7], [26]. Therefore, this study
begins by filtering only the green color, extending the findings
of prior research by doing so [4]. To prevent erroneous
identification of plants against a bright background, a
minimum saturation threshold must be established. Also, a
minimum intensity (value) can be set to keep pixels from
being wrongly labeled. It is possible to change hue, saturation,
and value to fit different species [27].

RGB to HSV Conversion
[HSV Matrix]
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FIGURE 2. Proposed Method for Color Selection using Hadamard
Product Technique

In this investigation, a novelfipproach employing the HP
technique was used to optimize the color selection procedure.
In the HSV color space, optimization is done by choosing the
desired colors with the Heaviside step function (HSF), which
involves setting threshold values for each hue, saturation, and
value. The proposed method involves element-wise matrix
multiplication utilizing the HP technique between the matrix
resulting from the conversion to HSV without selection and
the matrix resulting from the conversion with selection. The
optimization results indicate that the desired colors have been
successfully separated from other colors. By adjusting the
threshold values for hue, saturation, and intensity/value, the
proposed method, as depicted in FIGURE 2, can also be
utilized to select various desired colors.

IV. EXPERIMENT RESULT & DISCUSSION

In the initial study, an experiment was conducted to select
green leaf colors frofflfimages of plants. A change from RGB
to HSV was made to separate the color channels from the
channels for intensity and saturation. The initial experiment
involved filtering green hue values between 90 and 150. The
results of the experiment demonstrated the successful
separation of green leaf colors, although there were instances
in which certain components of the green color were not
entirely separated [4]. Incorporating two additional
parameters, saturation and intensity/value, an optimization
was conducted based on these experimental findings. Because
the unselected green colors exhibited varying intensities and
saturations, saturation and intensity were introduced as
additional parameters. Experimenting with different threshold
values for saturation and intensity was part of the procedure.
Experifgiihts were conducted for the selection of green colors
within the wavelength range of 500 nm to 600 nm in this study.
During the RGB to HSV image conversion, the green color
was chosen with a hue range of 90° to 150°, saturation > 90,
and intensity or value > §5.

A. CO“R SPACE CONVERSION

In order to separatefeie hue/color channel from the saturation
and value channels, the RGB color space was changed into the
HSV color space. Due to the inconsistency of RGB images in
providing color values in comparison to HSV images, color
conversion was required. In FIGURE 3 and Table 1, the hue
value of the green color in the RGB image varies, whereas the
hue value ins constant at 120° in the HSV image. There
are distinct R, G, and B values for the green hue in each of the
three images, resulting in distinguishable color differences. In
contrast, the hue value in the HSV color space remains
constant while the S and V values vary.

Table 1. Comparison of RGB with HSV

Chanel Imagel Image2 Image3
R 2 32 36
G 26 56 60
B 2 32 36
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Chanel Imagel Image2 Image3
H 120,0° 120,0° 120,0°
S 923 42.9% 40,0%
\Y 102% 22,0% 23.5%

FIGURE 3. Comparison of RGB and HSV color value consistency

The RGB image's R, G, and B values are first normalized
before being converted to HSV. For each RGB image, we can
get its r (1), g (2), and b (3) values by first normalizing each
individual pixel [28]:

r= B 1
~ R+G+B M
G
9= Zie+s 2)
B
D R+G+B ®
V = max(r, g, b) 4)
0 ifv=0
B = min(r.g,b) . (5)
y-mnead) ey >0
0 if $=0
60°x[L7] ifv=r
Y PSS - ®
60°X[4+;—;€ if max=b
H+360° if H<0

B. COLOR SELECTION

Color selection is carried out by applying criteria in which
the hue value falls between 90° (the lower hue threshold) and
150° (the upper hue threshold), and where the lower saturation
threshold is set to 90 and the lower value threshold is set to 85.
Using the heavy side step function, the threshold values are
implemented (HSF). According to the desired color range, the
hue, saturation, and value ranges of each image can be
modified. The following formula can be used to express the
equation for color selection using the HSF:

:H-(Ho - Hrru'n) (7)
}[(Hmax - Ho) (8)

H = H, X (H (H, = Hpin) = H(Hpar — Hp)) (9
So = }[(So - Smin) (10)
Vo = j{(Vcr Vmin) (11)

Calculating the difference between the minimum hue value
(7) and the maximum hue value (8) is the first step in ariving
at the desired hue range (9). (8). In the meantime, both the
saturation threshold value (10) and the value threshold value
(11) are independently set. The ultimate eq 1 looks like
this in order to generalize the formula so that 1t can be applied
to a wide variety of different tmsaturation, and value criteria:

SelectionHSV (H,,S,,V,) = H, X (H(H, — Hpin) —
y"‘(Hma.:: - Ho)) X}[(So - Smin) X j'[(Vo - Vmin) (12)

where:
0, x<0,
Heo= {1 %50 (13
0° < H, < 360° (14)
0<S,< 255 (15)
0 <V <255 (16)
where:
Hinin = Hue lower threshold value
Hmax = Hue upper threshold value
Smin = Saturation lower threshold value
Vi = Value/Intensity lower threshold value
' [ S
! > + >
0 Hoin “HO 6 ™ HO
T S *~—
; o P W0

FIGURE 4. Hue threshold values

|
— >S,

FIGURE 5. Saturation threshold value
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FIGURE 6. Intensity/Value threshold value

o

HSF threshold values of Hue, Saturation and Value can be
depicted in FIGURE 4, FIGURE 5 and FIGURE 6.
C. HADAMARD PRODUCT TECHNIQUE
The conversion results with color selection are stored as zero-
one matrices, while the conversion results without selection
are stored as HSV matrices. The zero-one matrix represents
the outcome of color selection, which serves as a mask for the
original image (HSV matrix), enabling the creation of an
image with the selected colors.

Final = AQOB

Ayt Ay byy - by
I Fo ] B
An1 Qg b1 ' by

(au'bn aln'bln>
Ay © bml Apn * bmn
Multiplication of each matrix element with the HP
technique between the zero-one matrix and the HSV matrix
winmduce an HSV selected image (77).) The image matrix
of color selection in the HSV color space is stored in the Apiy)
matrix, while the converted image to HSV without selection is
stored in the B,y matrix. The final matrix is stored on the
Finalmy) matrix which is th result of Apryy © Bonn).

Reverse conversion from HSV color space to RGB color space
is performed so that color selection results can be displayed.

D. RESULT

A dataset consisting of five (five) RGB images that were
captured using a visible-light camera that was mounted on a
UAV was utilized in the testing of the method that was
proposed. The images had a resolution of approximately 12
megapixels on average [4].

(17)

Table 2. Dataset
No Dataset Prior Propose Delta Hue S V' Performance
I North Konawe Palm Land 03:34.65 00:00.22 03:34.43 100-130 90 75  9990%
2 Ciwidey Cabbage Garden 03:4345 00:0025 03:43.25 80-140 60 75 9991%
3 FSRD ITB Bandung 02:5220 00:00.15 02:52.05 80-140 75 75 9991%
4 ITB North Gate 04:2240 00:00.20 04:22.20 80-140 70 70 9992%
5 Cipularang Toll Road Km 88 04:00.02 00:00.19 03:59.82 80-130 60 75 9992%

Average 9991%

As can be seen in Table 2, the implementation of the
suggested strategy led to an increase in overall computational

speed that was 99.91 percent more efficient. This speed
increase was accomplished by modifying the algorithm that
was being used, moving away from looping and towards
matrix element multiplication utilizing the HDP technique.

The proposed method was also tested with the dataset from
the research on Greenness Identification, which introduced an
HSV decigipi| tree-based approach requiring four steps. This
was done m order to verify the accuracy of the proposed
method [29]. In HSV decision tree-based research, steps
are required. To mitigate the effects of illumination, the RGB
color space is converted to the HSV color space in the first
step. The second step focuses on removing a significant
portion of background pixels based on their hue values in
comparison to those of g plants. Thirdly, pixels
representing wheat straw with hue values that overlap young
green leaves are eliminated based on hue, saturation, and
value. In the final step, thresholding is utilized to obtain pixels
that depict the greenness of com plants.

= core
FIGURE 7. Results of the E0ffiparison of the proposed method with the
HSV decision tree

FIGURE 7, depicts the results of the testing done on the
proposed method for successfully selecting images of com
seedlings with a shorter process that maintains the same level
of accuracy, instantly displaying the color green that they
have. When utilizing the suggested approach, the necessary
amount of time for processing is 0.009582 seconds when
utilizing the given parameters Hunin=70; Hmax= 125, Smin= 15
dan Viin = 100.

V. CONCLUSION

By incorporating the parameters Saturation and Value, this
research was able to successfully optimize the prai@ss of
selecting a green color within the wavelength range of 500 nm
to 600 nm or the hue range of 90° to 150°. This was
accomplished within the (Qext of the study. During the
process of converting from the RGB color space to the HSV
color space, the optimization was carried out with the help of
the HSF technique and the HDP method. The optimization
resulted in a significant improvement to the process of
selecting colors by completely filtering out colors that were
not desired. With the workflow being streamlined and the
computational speed having been increased by 99.91 percent,
the HSV color selection computation is now significantly
faster than it was before. This strategy for optimizing the color
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selection process can be applied not only to the selection of the
green color but also to the selection of any other color.
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