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Abstract: The principal purpose is to growth the accuracy of soil belongings prediction the usage of hyperspectral facts. By spatial
interpolation, a convolution schooling is achieved to apprehend the premise of hyperspectral records in this examine. Statistical
evaluation/strategies: natural carbon steels, ionic energy, nitrogen content (N), the pH stage in water, mud particle, and sand particle are
all expected the use of the counseled technique. The ratio of clay, sand, plus silt in the soil determines the soil texture, which describes the
relative awareness of soil debris. Hyperspectral information in the form of several arrays are dispatched into the ANN. The foundation-
suggest-rectangular mistakes at the same time as being square is used to evaluate version overall performance statistics. Findings: A deep
mastering technique turned into employed in this take a look at to capture the pattern hid in the soil. Machine studying is a category of
neural network that could mirror non-linearity within the scaled information from modelling complicated relationships. Identifying a soil
type is the toughest challenge since it involves complicated structural homes and soil variables. Novelty/upgrades: The cautioned ANN
model's automated picture getting to know the capability complements the effectiveness of soil texture prediction. The proposed method

yielded an average upward push value of five.68 percent for all six soil texture parameters.

Keywords: Soil texture; convolutional neural network; hyperspectral data; and deep learning.

1. Introduction

The redistribution of water alongside exceptional
additives of the water cycle in agricultural regions is
heavily inspired by means of soil moisture. It aids within
the comprehension of hydrology and climatic conditions
with full-size geographical and temporal variability. Soil
moisture dimension and/or prediction offer records on
projected infiltration as well as runoff generation rainfall
activities, in addition to water control for agricultural
reasons [1]. Soil moisture influences critical farm
strategies inclusive crop selection, tilling, planting,
fertilizer application, and harvesting in agricultural
regions due to penetration, evaporation, runoff,
warmness, different gasoline fluxes. Due to the range in
soil texture, type of crop, and crop residue cover,
predicting soil moisture at wide spatial scales is tough.
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Point measurements, consisting of gravimetric methods
and then in electromagnetic sensors, are accurate, but have
a constrained geographical range and take a long time to
finish. Surface soil moisture has recently been expected
using far off sensing technologies, even though
performance and fashions which might be relevant to
unique landscapes are still being researched [2].

In fact, farmers regularly use heuristic ways to anticipate
(or extrapolate) situations of their crop fields the usage of
weather station facts (e.g., rainfall, evapotranspiration,
temperature). One-of-a-kind elements impacting soil
moisture in those crop regions, inclusive of crop kind, soil
characteristics, saturated hydraulic conductivity, inclusive
of residue content, need to be explicitly considered in
more specific and most beneficial computational models

[3].

Soil moisture is frequently forecasted the use of facts from
nearby weather stations, as well as traits from the soil and
vegetation, the use of one in all 3 techniques: empirical,
regression, or machine studying. Forecasting strategies
consisting of empirical formulae, water stability
procedures, dynamic soil moisture fashions, series
information models, such as neural community models are
amongst those techniques. Regression processes are used
in statistical fashions to create geographic capabilities the
use of in-situ observations of target and predictors [4].
Traditional fashions have the benefit of being easy to
assemble and so don't require several inputs.
Conventional models, on the other hand, have the hassle
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of requiring a big variety of floor measurements, which
can be time-consuming and steeply-priced. Conventional
modelling methods, then again, adhere to rigid statistical
assumptions like facts necessities, and generally employ
linear and additive modelling tactics which can be
incompatible with natural procedures [5].

Gadget gaining knowledge of techniques have these days
won recognition because of their capacity to conquer
some of the limitations of classical and physics-primarily
based models. [6] Suggests that gadget learning
algorithms can be used to examine in addition to
estimating complicated non-linear statistics distribution
mappings with none prior data. Moreover, this aids in the
combination of various assets which can be sick-described
and now have variable probability capabilities. System
studying algorithms, on the other hand, provide no
information about how they created institutions among

variables and require a massive quantity of facts points for
schooling. Machine mastering is turning into increasingly
more famous in predictive modelling for figuring out
complicated information structures, which might be
frequently non-linear, and developing correct models.
Due to the fact they may be no longer share with the aid
of conventional assumptions about data homes, system
mastering models have greater energy for resolving and
constructing complex institutions (nonlinear,
nonmonotonic, multimodal correlations frequently in
landscape and ecological applications). Classification or
regression trees, random woodland linear, vector support
regression, multiple regression modelling, boosted
regression, artificial neural networks, and different gadget
mastering methods are used to make predictions. Neural
networks, device, which includes polynomial regression
were used inside the hydrology location to predict soil
moisture the use of previous soil moisture records [7].

Image Acquisition

Fig 1. Conventional Soil colour identification

Fig 2. Different Soil colors to identify the Soil natures

In Romania's Transylvanian melancholy, for instance, [8]
deployed numerous system mastering algorithms for
actual soil moisture prediction. They used records from
neighboring agricultural regions further to information
from the 38el7fbbba54997472ffd8992f4da2fa climate
station. in phrases of estimating soil matrix functionality
inside the root location, device analyzing-based totally

completely algorithms outperform the physics-primarily
based Richard equation version. [9] employed KNN to
estimate the dynamics of water tables in numerous
agricultural settings. while it came to predicting lake
water levels, the random woodland version outperformed
the KNN version with fewer features and plenty less
training time. it might additionally hire SVM to estimate

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(1s), 18-26 | 19



soil moisture based totally mostly on meteorological,
situation, and crop statistics. in preference to classical
threat minimization, that conceptualizes quadratic
optimization to assure a global maximum wonderful, the
SVM makes use of structural danger minimization. The
Svm is sparse and dimensionality has no impact on it.
because it employs the generalization mistakes certain
gradient descent with structural threat optimization,
vector help regression is a lot plenty much less able to
approximating the regression characteristic thus produces
specific predictions.

There are take a look at gaps in employing those system
gaining knowledge of strategies in landscapes with
bloodless soil classes, geological fabric that is poorly
drained, and a ramification of effective agricultural crop
species. The research given proper here contributes to
very last those gaps. The purpose of this take a look at
became to appearance how well the above-mentioned tool
analyzing models finished in predicting soil moisture in
farmlands throughout the purple River Valley of the
North, making use of climate station measurements and
region characteristics of surrounding crop-managed
regions. The goals of this art work were till i found the
huge predictor variables impacting subject soil moisture
using device studying techniques, and (ii) find out the
traits of numerous machine mastering in soil moisture
prediction.

The the rest of the paper is laid out as follows: phase 2
gives a quick evaluate of conventional device mastering
strategies and deep convolutional neural networks. The
proposed ANN model for Soil colour, texture detection is
described in phase three. section 4 offers the records of the
experimental statistics and analysis, located thru segment
5's conclusions.

2. Related Work

The experiment was carried out in a variety of climates.
Gorganrood watershed is located in an arid to semiarid
environment, in the vicinity of the Gorgan city in Iran's
Golestan province, and Masileh watershed is located in
Iran's Qom province. This area has an arid climate.
Munsell characteristics can be linked to Landsat MSS
green, red, plus near-infrared reflectance data. The
significance of several radiometric indices that were
created by integrating visible spectral features with
Munsell color characteristics. According to Leone and
Escadafal's soil color research since 2001, TM as well as

MIVIS satellite measurements is of high quality for
determining Munsell color properties [11]. They also
stated that TM as well as MIVIS satellite measurements
provide the most accurate color value assessments.
Several research has been carried to improve accuracy as
well as efficiency of soil color predictions based on
satellite data. Transform the Fine tuned Digital Numbers
(DNs) help exoatmospheric TOA reflectance to reduce
scene-to-scene variability and offer a standardized
comparison of satellite information between various
areas. Furthermore, TOA reflectance can rectify
considerable geographical and temporal variations in the
Earth-Sun separation due to the time delay between data
acquisitions with field measurements [12]. Furthermore,
PCA is required to maintain the most information from the
data while lowering the number of variables. To put it
another way, it's a dimension reduction strategy that adds
variables and data [13]. On the other hand, accuracy
overall efficiency of forecasts should be enhanced by
employing new analysis tools in modelling the
correlations between soil color and diverse remotely
sensed data. The majority of previous spectral reflectance
research on soil color has focused on simple versus
multilinear regressions. It's possible that there aren't any
simple linear correlations between reflectance with SC
here [14]. Alternative strategies for model development
should be researched. K Neural Networks (KNNSs) are a
new analytical tool for modelling data with nonlinear
interactions. They're based on models of the brain's
neurological anatomy and processing functions. The use
of KNN in soil research is becoming increasingly popular
[15]. Neural networks have been used in a wide range of
applications, including soil-tool interaction modelling.
The use of neural networks to model correlations between
soil colour and other remotely sensed appears to be
promising [16].

3. Proposed Methodology

The difficulty of the procedure is to acquire a photo using
a scanner, camera, or transportable device. photograph
processing entails enhancing pix and including filters to
dispose of noise, amongst other matters. inside the feature
extraction section, the RGB values are taken from the pix.
Perceptron, help vector, Nave Bayes, and J48 classifiers
are some of the category models hired. The category
model is given the dataset's education parameters. The
block diagram beneath depicts the important thing tactics
in enforcing a soil colour detection set of rules.
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Fig 3. Proposed technique for Soil color detection

1.1 .Image acquisition

Capturing the important pictures for further processing is
known as photo acquisition. It's far step one in the
paintings flow due to the fact no processing may be
completed without a photograph. Photographs of soil from
various regions are accumulated right here. The
photographs aren't processed in any way [17].

1.2. Filtering

Noise is an critical component to don't forget whilst
processing virtual photos. every time a image is captured,
it's far feasible that it's going to incorporate disturbance in
a single form or some other. The picture noise in an photo
reasons it to seem mottled, grainy, textured, or snowy. As
a end result, we need use appropriate filters to de-noise the
picture. For filtering functions, the median filter out is
utilised [18]. it's a spatial nonlinear filter. For filtering, this
clear out employs a square window. The median filter
equation is offered in (1).

Y = median{Xi +s; + Tl(S' t) € “’} 1)

The median clear out has been proven to be the best in
putting off salt plus pepper noise. Even for impulse noise,
it works properly. The window size could be adjusted
depending on the extent of noise inside the image. As the
amount of noise rises, the dimensions of the window can

be adjusted to efficiently dispose of the noise. but, while
the window size grows larger, the photo will become
blurry. both before and after the filtering technique, the
median filter out is utilised. that allows you to correctly
define the borders, put up filtering is used [19].

1.3. Segmentation

Picture segmentation is normally used to extract a specific
segment of a photo or to divide a photo into many
segments with comparable attributes or residences. There
are a selection of strategies for segmenting an photo.
Segmentation techniques consist an area-based,
clustering, region-based, and thresholding. However, for
the purposes of this undertaking, the threading technique
is powerful. the brink approach of segmentation may be
damaged down further into different techniques [20]. The
picture is first transformed from RGB to HSV on this step.
The RGB to HSV conversion formulas are proven in (2),
(3), and (4) below (4).

1
_ 4 {E(R—G)+(R—B)}
H = cos {{J(R—G)H(R—B)(G—B)}} @

S =1-——>—[minRGB] (3)

R+G+B

V==(R+G+B) (4
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The hue aspect's toppings and decrease limits are then set.
The photo is transformed back to RGB and presented after
thresholding to study the thresholding outcomes [21].

1.4. Classification

Machine getting to know techniques are increasingly
being used in picture processing. device studying tactics
can be divided into classes. There are sorts of
supervision: monitored and unsupervised. Supervised
approaches use labelled inputs and outputs to teach the set
of rules. The gadget is educated with records this is neither

classified nor labelled in unsupervised mastering. ANN is
a supervised gadget gaining knowledge of method this is
employed on this look at to classify statistics [22]. ANN
is for its ease of use and notable pace. The ANN set of
rules evaluates the okay closest cases from an instance (X)
and determines the most common magnificence inside the
set. The most usually happening magnificence is thought
to be the example's class (x). So one can choose the
nearest instance, an ANN machine uses a distance metric
[23].

N
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Input Hidden Output
layer layers layer

Fig 4. ANN classifier for Soil colour identification [24]
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1.5. Database Generation

The database ought to first and primary be built the use of
Munsell soil chart images. The photographs of the
Munsell soil chart have been taken the use of a 13MP
mobile digicam. All color versions of a specific hue
various hue and chroma values are given in a single page
of the Munsell chart [25]. Determine 2 depicts photos of a
Munsell soil chart that have been taken. Each color
version of those photos is cropped to a preferred size of
256x256 pixels, and that they need to be labelled as a
result. All cropped photos' R(purple), G(green), and
B(blue) values are located and saved in an excel sheet,
which can be applied as training information for the

classifier. Type. However, even at a hundred by using a
hundred images can have 10000 R, G, and B values.
Coping with such a large amount of records is onerous. as
a substitute, we are able to use the mode of those values
to get a unmarried R, G, and B value. The mode of a
collection of numbers is the range that looks the most
frequently [26].

4, Results and Discussion

The proposed pH fee prediction for the 40 soil photo is
built-in. First, the cautioned gadget accepts snap shots of
soil samples. these pictures are preprocessed, and the
characteristics are extracted for 3 colour areas: RGB
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colour space version, HSV shade space version, and HSV
shade area model. The pH built-ing of every soil photo is
derived built-in those coloration models. built-inct
category models are given the dataset's built-
inbuiltintegrated parameters [27]. The accuracy and
RMSE values are generated as the outcomes. table 1 built-
in the effects of the experiments, which builtintegrated the
accuracy and mistakes values for every classifier built-in
each coloration model. Mat-lab is a consumer-friendly
software program that comes with some of libraries and
toolboxes that make computations less complicated and

faster. The complete method is administered built-in
Matlab R2013-a on a computer with an Intel(R)
Pentium(R) N3540 CPU runnbuiltintegrated at 2.16GHz
and 4GB of RAM. figure 4 illustrates the segmentation
result of a picture after it has been filtered, built-in
addition to the authenticintegrated picture. The accuracy
and RMSE values of different classifiers with reference to
each colour space model are shown built-in table 1.

1y
RMSE = _[=YiL, (B = 0p)? (5)

Table 1. Estimation of Soil model performance [28]

Cross-Validation with Training Dataset
SOM CEC K pH
Model

RMSE RMSE RMSE RMSE

SVM [29] 0.46 2.30 0.21 0.62

RF [30] 0.46 2.40 0.25 0.61

KNN [31] 0.47 2.55 0.28 0.60

Proposed ANN 0.45 2.25 0.10 0.59

Validation with Testing Dataset

SVM [29] 0.61 3.10 0.54 0.62

RF [30] 0.59 3.05 0.56 0.61

KNN [31] 0.57 3.08 0.55 0.60

Proposed ANN 0.55 3.15 0.58 0.59

Overall Dataset

SVM [29] 0.50 2.53 0.55 0.63

RF [30] 0.52 2.50 0.54 0.63

KNN [31] 0.55 2.45 0.53 0.62

Proposed ANN 0.59 2.40 0.51 0.61
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Fig 5. Estimation of Soil model performance

Table 2. Accuracy and RMSE values of ensembling classifiers with respect to each color space

Colour Model Classifiers
Sl.No. Classifiers Accuracy (%) RMSE
SVM [29]
1 92 0.1318
RF [30]
RGB 2 94 0.1212
KNN [31]
3 95 0.1457
4 Proposed ANN 98 0.1426
Performance Comparision
120
@ 100
Z 80 -
-] i
- 60
8 40 -
3 20 - M Classifiers Accuracy (%)
Q -
< 0 M Classifiers RMSE
SVM [29] RF [30] KNN [31] Proposed
ANN
S T A
Algorithms

Fig 6. Accuracy and RMSE values of ensembling classifiers with respect to each color space
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The statistical models' overall performance changed into
evaluated on the education set the usage of a repeated
okay-fold inter resampling process, and then confirmed
with the test set. elements are randomly partitioned in ok
sets of about same sizes for okay-fold move-validation.
All data store the primary subset are used to fit a model,
and held-out data are used to calculate overall
performance measures. The education set is the first
subset, and the manner is repeated with the following
subset held out, and so on. This approach evaluates a
version's overall performance on all times within the
provided information set without using in the education
degree. An 10-fold pass-validation changed into
performing 5 instances in this investigation, yielding 50
specific subgroups for comparing the version.

5. Conclusion

For proper control of crop and soil health, excessive
spatial resolution mapping of soil attributes and crop yield
is important, which is required for enhancing crop
productivity and minimizing agriculture's negative
environmental footprint. The potential to forecast soil
residences of 3 statistical models became evaluated, and
device learning techniques have been shown to
outperform the ML technique maximum of the time.
Color detection is essential for figuring out the soil
characteristics in a particular vicinity. The goal of this
project is to use Matlab code to determine the soil
coloration through digital photo processing. The soil area
of the photo is successfully segmented from the
background. The ANN classifier labels the snap shots and
classifies them based on their RGB values.
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