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Abstract

Accurate estimation of crop biomass is essential for assessing crop growth, yield potential, and optimizing
agricultural management practices. Digital image analysis has emerged as a promising tool for non-destructive and
efficient biomass prediction in crop production. In this study examine the predictive capabilities of digital image
analysis for faba bean biomass estimation. Utilizing RGB (Red, Green, Blue) and vegetation indices image analysis
techniques, the digital images was analyses of faba bean plant in fields to extract relevant biomass characteristics
and quantify biomass. Through computational modelling and simulation, it assess the accuracy and reliability of
these models across 100 days of growth and environmental conditions. The test analysis were conducted in the
laboratory of the Agricultural Engineering Department. The results showed varying with the green biomass with the
color indicators used, through which the green mass can be predicted. A linear equation appears relationship between
normalized difference index and mass production during days of faba bean growth it was y = 6.0166x + 215.85 with

R?=0.9495 .
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INTRODUCTION

Faba bean, a significant member of the legume
family, stands out for its high protein content
and promising developmental prospects. Seeds
have special physical properties closely
connected with their quality and yield [1, 6].

Yield is an important phenotypic trait of crops,
and early yield estimates can inform field
management decisions. To quickly and
accurately estimate faba bean yield, this study
collected and analyzed dual-sensor data (RGB
and multispectral) acquired using an unmanned
aerial vehicle (UAV). This study explores the
potential of integrating RGB and multispectral
sensor data as well as data from different
growth stages to build a faba bean vyield
estimation model. Additionally, the impact of
different machine learning algorithms and
plant species on the accuracy of these models
was examined [3], [4]. Yield, a significant
phenotypic trait representing the ultimate goal
of crop breeding, has spurred the emergence of
spectroscopy as a crucial technology.
Spectroscopy, which involves generating
spectra from diverse substances and their
interactions, has been adapted by agricultural
researchers into a discipline known as

agricultural spectroscopy. This discipline
quantifies phenotypic traits by analyzing
interactions between plant traits and spectra
[5]. The application of digital image analysis
techniques in predicting faba bean biomass is
pivotal for evaluating crop growth and
estimating yield potential, alongside refining
crop management practices. This review
delves into diverse methodologies and
strategies employed in digital image analysis
for biomass prediction, encompassing image
segmentation, feature extraction, and machine
learning algorithms. Furthermore, it explores
the  benefits, hurdles, and potential
advancements associated with the integration
of digital image analysis in predicting faba
bean biomass [11]. Estimating aboveground
biomass (AGB) accurately and quickly is
essential for monitoring crop growth status and
predicting grain yield. It serves as a vital
indicator for assessing crop nutrition status and
refining crop management strategies [12].

Faba bean (Viciafaba) stands as a crucial
leguminous crop, boasting substantial
economic and nutritional significance. The
precise anticipation of faba bean biomass holds
paramount importance in refining crop
management techniques, gauging Yyield
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potential, and ensuring crop health monitoring.
The advent of digital image analysis presents a
promising avenue for non-invasive and
effective biomass estimation in faba bean
cultivation.  This  review presents a
comprehensive  exploration of ongoing
research endeavours focused on predicting
faba bean biomass through the utilization of
digital image analysis technique [14].
Accurate assessment of crop biomass holds
paramount importance in evaluating crop
growth, potential yield, and enhancing
agricultural management strategies. The
emergence of digital image analysis presents a
promising avenue for non-invasive and
effective  biomass prediction in crop
cultivation. This review delves into the present
research landscape surrounding the prediction
of crop biomass through the utilization of
digital image analysis techniques. It
investigates various methodologies, hurdles,
and future opportunities within this domain
[15]. The utilization of RGB (Red, Green,
Blue) image analysis techniques in forecasting
crop biomass, a pivotal factor in evaluating
crop growth and yield potential, is explored in
this review. RGB image analysis provides a
non-invasive and effective means of estimating
biomass by harnessing color data from digital
images of crop fields. The review investigates
diverse methodologies, encompassing color
segmentation, feature extraction, and machine
learning algorithms, applied in the prediction
of crop biomass using RGB image analysis
[16]. Leaf-area index (LAI) and biomass are
critical parameters in understanding ecosystem
dynamics and biogeochemical processes.

10 days

30 days

55 days

LAI represents the amount of leaf surface area
relative to the ground area, providing insights
into vegetation structure, productivity, and
energy exchange. Biomass, on the other hand,
quantifies the total mass of living vegetation
per unit area, indicating the amount of organic
matter produced by plants [13].

The reflected light is analyzed by vegetation
indices to detect plants and assess their status.
The healthy plants were riched in chlorophyll
and reflect near-infrared and more green light
than those with stressed or dead leaves.
Vegetation indices, such as the Normalized
Difference Vegetation Index (NDVI) or
Enhanced Vegetation Index (EVI), quantify
these spectral characteristics to provide
valuable insights into plant health, biomass,
and productivity. By measuring the ratio of
reflected light in specific spectral bands, these
indices can distinguish between healthy and
stressed vegetation, aiding in early detection of
plant diseases, nutrient deficiencies, or
environmental stressors [17].

The aim of this study was to predict biomass of
a single plant correlate with color indices based
on RGB bands during faba bean growth period.

MATERIALS AND METHODS

Simulation models was constructed by C** to
predict of faba bean biomass during growth
faba bean crop (10, 30, 55, 80, and 100 days)
as shown in Photo 1, the color vegetation
indices from planting to end to reflecting
production of faba bean crop.

80 days 100 days

Photo 1. Growth stages of faba bean plants within 100 days of planting

Source: Author's' determination.

332



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 24, Issue 3, 2024
PRINT ISSN 2284-7995, E-ISSN 2285-3952

Image Processing technique and RGB bands
750 photo was taken during the plant's life and
MATLAB software was used to extract the
Red, Green, and Blue bands from an image of
faba bean plant, Photo 2 showed the sequence
to extract the image and RGB bands
Vegetation indices and biomass of faba bean
crop

The relationship between vegetation indices
and the increase in biomass of plants can vary
depending on several factors, including the
specific index used, the stage of plant growth,
and environmental conditions.

However, a positive correlation between
vegetation indices and biomass increase:
1-Greenness Indices (GR, GRVI, VEG, GLlI,
ExG, RGBVI, MGRVI, VARI):

These indices typically measure the amount of
green vegetation present.

As biomass increases, there is usually more
green foliage, leading to higher values of these
indices.

2-Redness Indices (EXR, NDI, CIVE, EXGR,
COM1, COM2):

These indices assess Vvariations in red

reflectance, which can be related to changes in
biomass density, especially in mature or
senescent plants.

Higher biomass may lead to alterations in red
reflectance due to changes in leaf structure or
pigment content

3-Blue-Green Indices (BGI12, NGBDI, GB):
Blue-green indices measure the relationship
between blue and green reflectance, which can
be influenced by factors such as leaf area and
chlorophyll content.

An increase in biomass may lead to changes in
these indices due to variations in leaf density
and chlorophyll concentration.

4- Combined Indices (RGBVI2, RGBVI3,
Hue, Intensity)

These indices consider multiple bands or color
spaces, capturing additional information about
vegetation characteristics.

Changes in these indices with increasing
biomass may reflect alterations in plant
structure

Flowchart presented in Photo 3 showed the
calculation of color vegetation indices based
RGB bands.
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( Start )
/Seqmcetoummieimge\ [ Sequence to extract RCB T
bands | Extractimage |
Image Acquisttion Preprocessmg RGB
e | ExtractRGB |
' Color Space Conversion Input:
Preprocessing s R= Red band
G= Greenband
B= Blue band
Image Enhancement Band Extraction ]
Calculate:
- . -GR ( Green Ratio)= GR
Ima'ge Segmenmtlon POSt Processmg RGB -GRVI (Green-Red Vegetationindex)= G-R
-RGBVI (Red-Green-Blue Vegetation index)=(2*G-
j R-B)/(2*G+R+B)
4 -MGRVI (Modified Green-Red Vegetation Index)=
Feature Extraction G-R) /(G +R)
-VARI (Vistble Atmosphencally Resistant Index)=
(G-R)/(G+R-B)
-BGI2 (Blue-GreenIndex2)=B /G
Obj!ﬁ Recoznition and Classification -VEG (VegetationIndex)=(2 *G-R-B) /(2 *G
= +R+B)
- GLI (Green LeafIndex)= 2 * G -R -B)
-ExG (ExcessGreenindex)=(2 *G-R-B)
i -NGBDI (Nomalized Green Blue Difference Index)
Post Processing =(G -B) /(G +B)
-RGBVI2 (Red Green Blue VegetationIndex2) =
(G-R)/(R+B)
= . - -RGBVI3 (Red Green Blue VegetationIndex3) =R
Visualization and Interpretation ®+G+B)

-Hue = Hue value from RGB

- Intensity = Intensity value from RGB

-ExR (ExcessRed)=14 *R-G

-NDI (Nomalized DifferenceIndex)= (R -G) 'R =
G)

- CIVE (Color Index of Vegetation Extraction)=
0441 *R-0811 *G « 0385 *B ~ 18.78745
-ExGR (Excess Green-Red)=3*G-24*R-B
-COM1 (Color of Object Method 1)=R -G) /(R +
G+B)

- COM2 (Color of Object Method2)=(2 *R -G -
B)/Q*R+G+B);

-MExG (ModifiedExcess Green) = 1262 *G -
0.884 *R-0311 *B

- GB (GreennessBlueIndex)=G /B

Pnnt results:

GR-GRVI-RGBVI-MGRVI.VARI. BGI2 -VEG-
GLI-ExG-NGBDI- RGBVI2-RGBVI3-Intensity-Hue
~ExR-NDI-CIVE-ExGR-COM1.COM2-MExG-GB

\ J

Bt b Y

I Yoe Ny

Ya?t

( End )
Photo (2): Flowchart showing the sequence Photo (3): Flowchart showing the sequence
to image and RGB bands in Matlab software to estimate the color vegetation indices
Source: Author’s prepared. Source: Author’s prepared

Source: [1], [3], [5], [6], [7], and [8].

RESULTS AND DISCUSSIONS The most vegetation indices increased for mass
production and green pods.
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Figure 1 showed the maximum values of
simple red—green ratio, green leaf, visible
atmospherically resistant index, normalized
green-blue difference index, and simple blue—
green ratio recorded to 0.265, 0.781, 1.239,
0.811, and 0.366, with the mass production
value was 508.75 g.

Figure 2 showed when mass production
increased from 7.67 to 508.75 g. the intensity
increased from 61.66 to 85.35. Also the same
trend showing in the excess green minus excess
red index, increased from 52.00to 91.00, green
band from150,to 205, normalized difference
index from 223.481, to 245.331, green minus
blue from 113 to 172, excess red indexfrom146
to 300, and modified excess green
indexfrom178.238,t0 231.431.

Figure 3 showed the maximum values of RGB-
based vegetation index, modified green—red
vegetation index and combination of green
indices 2 gives slightly increased in difference
values with mass production of faba bean crop
while with colour index of vegetation
extraction and combination of green indices 1
it gives a clear increase in the difference values
with mass production.

Figure 4 showed the maximum values of Hue
Gives slightly increased in difference values
with mass production of faba bean crop while
with RGB-based vegetation index 2, and 3) it
gives a clear increase in the difference values
with mass production.

Figures 5 and 6 showed the linear regression
analysis run to derive equations to predict the
relationship between normalized difference
index and mass production during of faba bean
growth. The following equation represented
the relationship.

y=6.0166x +215.85R? = 0.9495
Also, the relationship between the colour index
of colour Index of vegetation extraction and

mass production during faba bean growth is
represented by the following equation.

y =20717x + 78293R?> = 0.9448

=GR Gl 2 GRVI VARl sNGEDI = 786!

pddd

7.673 24,275 218,975 508.75

Massg umon '3

Fig. 1. Relationship between color indices and mass
production of faba bean crop
Source: Authors' determination.
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Fig. 2.. Relationship between color indices and mass
production of faba bean crop
Source: Authors' determination.

250000 BRGBVI WMGRVI = 1COM 82COM nCIVE

JdJd

THI3 20215 gy Fodhion, 218975 508.75

it

Fig. 3. Relationship between color indices and mass
production of faba bean crop
Source: Authors' determination.
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Fig. 4. Relationship between color indices and mass

production of faba bean crop
Source: Authors' determination.
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Fig. 5. Relationship between normalized difference
index and mass production during of faba bean growth
Source: Authors' determination.
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Fig. 6. Relationship colour index of colour Index of vegetation
extraction and mass production during faba bean growth
Source: Authors' determination.

Table 1. The color indices values of mass production and
green pods of faba bean crop

Vegetation indices mass production
8-100 days
GR 16%
GRVI 3%
RGBVI 3%
MGRVI 6%
VARI 5%
BGI2 20%
VEG 61%
GLI 10%
ExG 21%
NGBDI 9%
RGBVI2 15%
RGBVI3 17%
Hue 4%
Intensity 4%
ExR 14%
NDI 2%
CIVE 11%
EXGR 24%
CcomM1 19%
COM2 4%
MEXG 2%
GB 4%
GR 16%
Green band 1%

Source: Authors' determination.
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Table 1 shows the differences of color indices
values with mass production of faba bean crop.
When mass production increased from 7.67 to
508.75 g. the color indices values increased by
16,19 and 24% with GR , COM1 and EXGR.

CONCLUSIONS

The research results demonstrate the
effectiveness of color indices which extracted
from RGB images for estimating biomass of
faba bean crop during growth period.
Additionally, the utilization of image
processing techniques and extraction of
vegetation indices from these images. The
values of color vegetation indices were
measured during 100 days.
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