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HIGHLIGHTS
e Use of digital images to determine the dimensional properties of soybeans.
¢ Alternative method for obtaining grain dimensions.
e Engineering characteristics to obtain characteristic dimensions.

e The model proved to be efficient in determining the physical properties of soybeans.

Abstract: The determination of the physical properties of grains is laborious work and subject to
subjectivities. Therefore, the objective of this work was to develop an automated method to measure the
characteristic dimensions of soybean grains through digital images. Images of whole grains were captured
and through them, the width, length, projected area, and perimeter of 50 grains were analyzed Using a
computer application using Python programming language. The measurements for the grains obtained by
the application were compared with those determined using a digital caliper. A Bland-Altman test was applied
for the variables of width, length, and circularity, in which satisfactory results were obtained for the variable
length, in which the method of obtaining measurements by digital images was not statistically different from
the caliper method, making them equivalents. The width and circularity variables did not show equivalence,
however, most of the data are within the 95% confidence interval. The variables of projected area and
perimeter and the agreement between the data were analyzed employing an ANOVA followed by the Tukey
test at 5% probability. The projected area variable did not differ significantly according to the methods used
in the experiment, while the perimeter differed only for the method in which OpenCV library functions were
used.
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INTRODUCTION

Soybean (Glycine max), besides its great economic importance, is one of the most widespread crops in
the world. Every year, records of soybean production and yield are broken to meet the growing demand of
the increasing requirements of the market.

Knowledge of the physical properties of agricultural products is essential for carrying out activities such
as characterization of the dimensions and shapes of the grains, description of the drying kinetics, the
definition of parameters for quality monitoring, and sizing of dryers, conveyors, and equipment for cleaning
and, or, grain classification [1, 2, 3]. Regarding the characterization of the dimensions and shapes of the
grains, procedures are carried out aimed at measuring the dimensions of length, width, and thickness and
calculating the circularity, perimeter, and projected area.

The procedures for determining the physical properties of grains and seeds are usually manual. Besides,
they are laborious and time-consuming processes, subject to subjective interpretations by the operator in
addition to impacting decision-making regarding processing routines and marketing practices. To speed up
the process with reliability, Digital Image Processing (PDI) can be used, which consists of obtaining,
processing, and analyzing digital images using properly verified and validated mathematical models [4, 5].

The use of computational tools and image processing has been increasing due to the reduction of
equipment costs, the growing computational power of the hardware, and the interest in fast and non-
destructive solutions [6]. Moreover, [4] state that the use of these technologies in the characterization of
grains and seeds is due to the improvement of image processing technigues and the use of neural network
modeling using machine learning. This innovative technique presents a novel avenue for researchers and
practitioners in the field of agricultural science.

This study aims to contribute to the advancement of scientific knowledge through the application of PDI
to determine the characteristic dimensions of soybean grains and explore the potential of digital images
process as a practical and efficient tool for characterizing grains. Given the importance of knowing the
dimensions of grains and the difficulty of the procedure, the objective of this work was to determine the
characteristic dimensions of soybeans through digital images and image processing and to compare them
with the dimensions obtained by a digital caliper.

MATERIAL AND METHODS

An algorithm capable of classifying and determining the physical properties of generic grains was
developed. For the present work, soybeans were used as a case study to validate the applied methodology.
Samples of fresh soybean from storage units located in the Center-West region of Brazil were used.

The digital images of the samples were obtained using a prototype made in MDF (Medium Density
Fiberboard) in black with the dimensions length, height, and width equal to 0.20 m. A hole with a quadratic
section of 2.5 x 2.5 cm was inserted on the upper face to fix an 8-megapixel resolution camera module V2
NoIR and next to it, the Raspberry Pi 4 Model B microprocessor with 4-GB of RAM was installed. Internally,
to standardize the light intensity, white LED light strips were installed on the sides and top of the compartment.

A drawer is located in the lower part of the prototype. The samples of soybeans were stored in this
drawer for image recording, thus forming the field of analysis, with length and width of 15.0 and 10.0 cm,
respectively. The field of analysis was coated with satin vinyl foam (SVF) in blue, to avoid the movement of
grains during the opening and closing of the drawer, to reduce the reflection caused by the internal lighting
system, and to facilitate the segmentation of the images [7].

To activate the camera, a Python code was structured with the inclusion of the “picamera” and “time”
modules. In this code, the following configuration parameter that was best adapted to the capture
environment were defined, namely: rotation (180), resolution (3280 x 2464 pixels), framerate (30 frames per
second), brightness (45), sharpness (100), saturation (10), contrast (20) and iso = 10. Those parameters
were defined to obtain uniform images, to facilitate the segmentation process.

To determine the image spatial resolution, a coin with known dimensions was used. The coin had its
images obtained in the same conditions used to capture the images of soybeans. Thus, by comparing the
values of length, width, area, and perimeter obtained in the device with those found employing a caliper and
the appropriate calculations, the conversion factors were determined.

To implement the algorithm, the Python programming language version 3.8 was used using the Jupyter
Notebook™ development environment, as well as the OpenCV and Numpy libraries.

Images of whole grains were captured in the RGB pattern (Red, Green, and Blue) and, in sequence,
transformed into the HSV (Hue, Saturation, Value) pattern to facilitate segmentation [8]. By doing so, the
relationship between color and luminance is reduced, which leads to fewer influences from shaded areas or
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areas with greater light incidence. Consequently, there is greater precision in determining the dimensions
and shape of the grains.

During the segmentation process, the H and V bands were added to facilitate the binarization, therefore,
the Otsu Threshould method available in the OpenCV library was used. The binarization step consists of
converting the images into two colors, black (digit 0) and white (digit 1). The image background (analysis
field) was classified as 1 (white) and the grains as 0 (black). In this way, the dimensions and shape of the
grains were obtained [9]). Before the binarization process, a medium blur filter (medianblur) was applied to
soften noise in the images and minimize problems arising from shadows, dirt, and/or other flaws.

The findContours function available in the OpenCV module was applied in a loop with the objective of
locating, delimiting, and counting the shape of the captured images of each grain. The functions
cv2.contourArea, cv2.arcLength and cv2.boxPoints (rect) were used to determine the projected area,
perimeter, width and length dimensions of each grain, respectively. Also, as a function of the area and radius
found by the OpenCYV functions, the circularity (C) was calculated using Equation 1.

4 x area

7 * (2 * radius)?

On what:

C = circularity, %;

area = shape area, mmz;
radius = shape radius, mm.

The computational algorithm also determines the longest axis of length and width of the shape of each
grain. For comparative purposes, the area and perimeter were calculated using the length (a) and width (b)
axes found by the computational algorithm using equations 2 and 3, respectively [10, 11, 12].

A _ab
P=
_2m(atb)

P= 4

On what;

a = dimension of the longest taxis (length), mm;
b = dimension of the mean axis (width), mm;
Ap = projected area, mmz;

P = perimeter, mm.

To validate the procedures for determination of the dimensions and calculations of circularity, projected
area, and perimeter, a comparison between these values and those obtained through laboratory routines
was done [10, 11, 12].

The dimensions of length (a) and width (b) for 50 soybean grains were obtained using a Mitutoyo caliper,
with a precision of 0.01 mm, by measuring the orthogonal axes of length (a) and width (b) as indicated in
Figure 1. Each axis was measured in triplicate and the mean was calculated in order to reduce operator error.
Through the measured axes, it was possible to calculate the circularity (C), projected area (Ap), and perimeter
(P) through equations 02 and 03.

The same grains were submitted to the computational application, where it was possible to obtain their
characteristic dimensions using digital image processing. Validation took place by comparing the results
found through the processing of digital images and those obtained from measurements performed using the
caliper.

Figure 1. Triaxial spheroid with its respective characteristic dimensions: (a) length, (b) width and (c) thickness. Source:
Corréa and Goneli (2008).
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The use of IBM SPSS Statistic program [13] employed the Bland-Altman test [14] in order to analyze the
relationship between the methods for obtaining characteristic dimensions obtained by (i) caliper and (ii)
dimensions using the application for the variables of width (a), length (b) and circularity (C). The Bland-Altman
test enables the checking of the dispersion between the differences between two variables and the means
obtained between the methods used. Currently, it is the most suitable test for the analysis of agreement
between methods [15, 16]. First, the T-test was performed to assess whether the differences between the
methods are significantly different from zero, then the scatter plot was plotted in which it was possible to
analyze data variability in relation to the mean of the differences and between the 95% confidence limits.
Finally, a simple linear regression was carried out to assess the existence of proportion bias, which indicates
the occurrence of a tendency for the data to vary below or above the mean.

The projected area and perimeter variables were calculated according to three methods in which the
grain dimensions were obtained through (i) Caliper, (i) Computer application, and (ii) OpenCV library
functions (cv2.contourArea for area and cv2. arcLength for perimeter). In the evaluation of the methods,
analysis of variance (ANOVA) and the comparison of means were performed according to Tukey's test at 5%
of significance.

RESULTS AND DISCUSSION

The use of the T-test at a significance level of 5% (p = 0.05) enabled us to assess the methods applied
to determine the width, length, and circularity, which corresponds to the use of (i) Caliper and (ii) computer
application. According to the statistical analyses, among the methods used to determine the length (a) of
soybean grains, a p-value of 0.230 was obtained, that is, greater than 0.05; therefore, there is no significant
difference between the methods. Regarding the determination of the width (b) the p-value < 0.001, indicating
that there is a statistical difference between the methods. As the circularity is the ratio between width and
length (b/a), the same behavior as that obtained for b was found, where the T-test indicated the non-
correlation between the methods for this variable (p-value < 0.001).

Figure 2 shows the Bland-Altman graphs, regarding the differences between methods for measuring
length (a), width (b), and circularity (C). It is observed for length (a), the occurrence of greater accuracy for
values greater than the mean, while for those below the mean, less dispersion is observed. Out of the 50
calculated values, an outlier was observed when considering the 95% confidence interval (Figure 2A). The
Bland-Altman plot for the width variable (Figure 2B) shows greater data dispersion and the presence of three
outliers. It is observed that for this variable, the computer application overestimated the data values, resulting
in more negative differences between the methods. The mean difference was -0.10 mm % 0.11 with a
maximum difference of -0.31 mm, so it is important to emphasize that the differences found between the
methodologies may refer to random or non-random errors caused in the acquisition of dimensions per caliper
as well as during digital image processing [17]. Figure 2C shows the Bland-Altman graphic representation
for the circularity variable (C), in which can be seen the same behavior observed for the width variable as
well as the presence of outliers.
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Figure 2. Bland-Altman plot for differences among measurement methods: length (A), width (B) and circularity (C).

The ANOVA results for the differences between the determination methods are shown in Table 1. The
length determination methods do not show a significant difference between the data (F 20.05), so it can be
said that there are no trends in underestimating or overestimating values, so the methods are concordant
and equivalent. Concerning width, despite the methods being statistically different, ANOVA indicates that
there is no bias, so there is no tendency to underestimate or overestimate values in relation to the mean. The
analysis of variance for circularity pointed to a proportion bias demonstrating a tendency to overestimate the
data.
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Table 1. Summary of ANOVA for the differences among measurement methods.

SV gl Sum of the squares Mean square F
Length (a)
Regression 1 0.048 0.048 0.057
Residue 48 0.612 0.013
Total 49 0.660
Width (b)
Regression 1 0.008 0.008 0.425
Residue 48 0.586 0.012
Total 49 0.594

Circularity (C)

Regression 1 4572 4572 0003
Residue 48 226.12 4,71
Total 49 271.84

Table 2 presents the summary of the Analysis of Variance (ANOVA) and the Coefficient of Variation (CV)
for the projected area and perimeter variables according to parameters determined using: (i) measurements
using caliper, (ii) characteristic dimensions per application, and (iii) OpenCV functions. It is observed that
only for the perimeter variable, a significant F was obtained at the level of 1% of probability, indicating that at
least one of the means is statistically different.

The means obtained for each method are shown in Table 3. It is observed that for both variables, the
methods that use the OpenCV functions obtained higher means than the other methods. [18] when studying
the use of OpenCV to determine leaf area in the field by digital images, observed that the image resolution
directly affects the accuracy of the observed measurements. Therefore, one of the possible reasons for the
differences found between the means may be related to the low resolution of the Pi Camera capture sensor
used in this study.

Table 2. Summary of ANOVA for the projected area and perimeter of soybean grain.

Mean square

SV o] Area Perimeter
Methods 2 22.61 32.79**
Residue 147 11.89 1.17

CV (%) - 10.34 5.11

** E significant at 1% of probability.

Table 3. Means of the areas and perimeters for the respective methods.

Methods Area Perimeter
Caliper 3251a 20.60 a
Dimension per application 33.6la 20.79 a
OpenCYV function 33.73a 22.09b

*Means followed by the same letter in the column are not statically different at the probability level of
5% by the test of Tukey.
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CONCLUSION

Considering the evaluations performed in this work, it can be concluded that it was possible to develop
and evaluate a computer program capable of determining the physical properties of soybeans. In general,
the model was efficient in determining the physical properties of soybeans. However, it is necessary to
investigate ways to improve the capture method in order to reduce dimension errors for width (b). Image
processing technologies is a fundamental process to automate physical properties determination processes.
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