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Abstract 

The chemical properties in the soil are most important factors to predict the texture of soil and it helps to decide 

about the farming accordingly. There are several chemical properties are present in different region and only few 

taken for prediction of texture in the proposed research. The proposed research has taken only eight parameters 

from the soil to predict the texture such as organic carbon, cation exchange capacity, nitrogen, pH level, clay, sand, 

potassium and phosphorous. By implementing these parameters with convolution neural network model to train the 

data using enhanced regression algorithm for improving the better and higher accuracy rate by reducing the lower 

error values. An error rates are calculated using mean square error (MSE) and root mean square error (RMSE) with 

deep learning techniques. 
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Introduction 

Soil texture prediction is one of the major things to 

maintain the higher productivity of crops and 

capacity of water stored under soil are highly 

noticeable matters for farming in different region 

with different chemical properties present in the 

soil. Farmers in various regions should know the 

detailed information about the soil texture to use 

precision farming strategy for better optimization 

of profits. The relationships of soil, properties and 

so are very important for understanding the 

process of farming. Important features are 

extracted from the huge amount of remote sensing 

data which is required for smart analysis 

techniques. Classification of images for data 

extraction are very tough process to classify the soil 

texture using satellite images. 

To overcome such critical process, artificial 

intelligence (AI) and machine learning techniques 

are worked together for smart analysis of 

classifying the soil texture using neural networks. 

The convolution neural network helps to classify 

the data from huge datasets with artificial neural 

network (ANN) for pattern recognition which is 

processed with two different stages as data 

received as input will be processed with internal 

activation function and output will be sent to 

transfer function to determine the neurons will 

execute the output data or not. 

 

 

 
Corresponding author: K. Anandan 

Address: 1Ph.D Research Scholar, PG and Research Department of Computer Science, Chikkanna Government arts college, 

Tiruppur,   Tamilnadu, India, 2,3Assistant Professor, PG and Research Department of Computer Science, Chikkanna Government 

arts college, Tiruppur, Tamilnadu, India 

E-mail: anandmca07@gmail.com

 

 

 

 

 

 

 

 

 

 

 

 

275



NeuroQuantology | July 2022 | Volume 20 | Issue 7 | Page 275-282 | doi: 10.14704/nq.2022.20.7.NQ33033 

K. Anandan et al / Prediction Of Soil Texture Using Convolution Neural Network with Enhanced Regression Model 

eISSN1303-5150 
 

www.neuroquantology.com 

 

2 

Figure 1. Soil texture categorization triangle chart 

 

There are many neurons are connected with each 

other in layers to receive input in the layer and the 

data will be process through more than one hidden 

layer and produce an output as pattern in a layer. 

An enhanced linear regression algorithm is 

proposed to increase the accuracy and error rates 

are reduced using deep learning methods. 

Artificial neural network is the highly processed 

technique with robustness, faster processing, 

general capability, it can easily process with high 

data spaces. It has capability for non- linear 

functions to classify the data with non- parametric 

regression for decision making. It is crucial part 

using multispectral image which does not have any 

knowledge regarding distribution of the data, it has 

supervised learning method such as feed forward 

back propagation networks to remove the noisy 

data in the image taken as input data. Pre- 

processing is the important process to classify the 

data for data extraction with spatial and spectral 

information using artificial neural network from 

LANDSAT images. Also, post- processing the 

executed results from training neural network is 

more important to obtain the higher accuracy and 

performance while using with image processing 

and classification techniques are the issues. It is 

difficult to train the model with classifier to learn 

the classification rule by applying the classifier 

models in effective methods. It helps to allow the 

users to use simple classifiers in divide and 

conquer methods than complicated models. Such 

methods help to execute the minimum error rate 

with higher accuracy. 

 

Objective 

An objective of this research was to predict the soil 

texture using selective chemical properties for 

better execution of accuracy using artificial neural 

network- based methods by implementing the 

LUCAS datasets. Chemical properties selected for 

implementation such as organic carbon, cation 

exchange capacity, nitrogen, pH level of water, clay, 

sand, potassium, and phosphorous for effective 

execution. 

 

Related Works 

In this section, the research papers published 

related to soil texture prediction are reviewed 

briefly and thereafter we focus on convolution 

neural network to understand about the merits of 

the different approach. 

Prediction of soil texture is one of the major factors 

in environmental process. There three different 

models are randomly used for the prediction of soil 

texture as CNN, Lucas CNN and ResNet for 

identification of soil type [1]. For in depth pre- 

processing of the layers Lucas Coord conv method 

was used using CNN approach by classifier method 

and achieved better performance with normal 

accuracy with some error rates. Prediction of 

texture helps to classify the crop suit for certain 

region of area based on some chemical factors and 

water flow. The datasets are collected from the real 

time image captured using cameras and it 

processed for pre- processing methods to extract 

the information about objects present in the 

images. Feature vector is the process of 

categorizing the soil types using some elements like 

Hue, saturation, value (HSV) with various methods 

like histogram, wavelet processes, classification 
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models using linear kernel [2], [3], [4]. 

Deep learning is one of the methods which helps to 

solve the problems faster using convolutional 

neural network (CNN) to predict the soil features 

[5] using spectral data about the soil is processed 

with 2D spectrum to present the functions of 

wavelength and frequency of the data. Network 

architecture of CNN helps to predict the different 

soil features by training the networks with CNN 

model. The max pooling layers are learned about 

the structure of soil by different properties. The 

enhanced CNN model can learn the features of pre-

processing to neglect the extra processing methods. 

The image captured using smartphone is 

implemented with CNN model to predict the 

texture and structure of the soil in paper [6][7], the 

low-level image features like color and texture are 

extracted using existing data about the land. 

Using machine learning techniques and algorithms 

the prediction of soil types is identified based on 

the hydrological group and it will be trained for 

classification with four different factors of soil such 

as sand, slit, clay and conductivity of hydraulic in 

[8][9]. 

Based on the parameters of chemical factors in soil 

helps to predict the soil texture to identify the 

better profitable crop for farming. These methods 

made farmers or agriculturists to decide about the 

particular crop for farming based on the season 

[10]. All the farmers should have the awareness 

about which farming does not suit at which season 

to avoid the losses and for better yielding of 

cultivation. The future agriculture will be 

connected with smart devices for easy 

understanding about the farming and soil 

properties, etc. using various integrated sensors. 

Agriculture is the most important thing and it is 

considered as pillar of our nation and major of the 

Indian economy is based on the farming. IoT 

enabled smart devices with integrated farming 

system will be helpful more with sensors for better 

prediction and control the major process over 

internet which is consist of different hidden layers 

for enhanced outcomes [11]. Also, the method 

called multi class classification used in farming for 

monitoring the farming suitable. 

Plantation of crops is important process in 

agriculture, but before planning for farming it is 

necessary to prepare the soil for better cultivation 

and yielding. The soil prediction for cropping was 

identified and prepared by the farmers with their 

own interest and knowledge. But now a days, the 

soil texture and soil variables are calculated by 

prediction methods using lot of prediction and 

classification techniques using color image 

processing. The pH level of different soil images is 

captured for pre- processing methods and pH factor 

of each picture with noises are determined [12]. 

Using different classifiers and prediction methods 

applied with the input image for prediction of 

texture and RMSE [13]. 

Examining the soil properties helps to get better 

execution of harvests and different AI methods are 

executed for smart prediction of information about 

the farming and soil texture prediction [14]. There 

are major artificial intelligence strategies are 

followed for smart processing of the prediction 

such as K-Nearest Neighbour (KNN), Multinomial 

Logistic Regression, Naïve Bayes Classifier, 

Artificial Neural Network (ANN) and Random 

Forest models applied in the data taken as input for 

processing [15]. Additionally, Naïve bayes theorem, 

Adaboost algorithm, SVM calculations are 

integrated methods to improve the precision of 

output execution. 

 

Soil texture model 

proposed the diffuse reflectance spectroscope 

model to predict the texture using VIS-NIR with 

MIR and integrated spectra data. Their research 

executes the correlation of limited band range for 

different soil properties. The used PLSR method for 

analysing the soil properties with different data by 

also implementing PLSR method to predict the soil 

properties such as sand, silt and clay content with 

MIR, VIS model. The PLSR model helps to improve 

the covariance between the data and the response 

variable. The machine learning algorithm called 

cubist method are used to build the tree model with 

integrated classification and linear regression tree 

model for better prediction of the model. 

Statistical methods such as Multivariate 

Relationships (MARS) have also been seen in the 

literature for predicting soil texture. It is the 

process in data mining for the data with no 

knowledge and the author stated that they taken 

sample data greater than 5000 and accuracy with 

cubist and PLSR models not increased. 

 

Convolution neural network model 

CNN is one of the parallel processing methods 

which is a branch of deep neural network learning 

model with more layered using neural network 

models. It was introduced in the year 1980s and it 

requires huge sized data for training with high level 
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resources and it learn the features of information 

through back propagation model using multiple 

layers such as convolution, pooling and connected 

layers. All layers have their own filters which can 

extract the features of data without any pre- 

processing techniques. 

Pooling is the operation done on maximum value at 

each set of feature map which executes the down 

sampling and it will highlight the important 

features and pooling layers with average value also 

applied with feature map and placed between the 

two layers of convolution with previous layers to 

apply the pooling operation on each layer of feature 

maps. 

 

Figure 2: Simple neuron network 

 

The simple component of complete network of 

neurons are derived with a sum of weights from 

input data by applying the linear function and 

activation function is applied to weighted sum are 

explained in fig 1. 

 

Fully connected network 

the fully connected layers of network have neurons 

for every layer and it receives the input from all the 

neurons of existing layers which is connected 

deeply and forms a matrix vector using parameters. 

 

Figure 3. Fully connected convolutional layer 

 

If the hidden layer 3 is considered as convolutional 

layer, then the input data of previous layer is 

convolved by the filters to execute the output map 

of layer 3 [27][28]. If the pooling and sub sampling 

layer l is given as m1 = 4, where m is the feature 

map of previous layer. The output feature map of 

each unit is represented as average within the 

boundary of corresponding layer (l – 1) as feature 

map. 

 

Existing Proposed Research 

This section explained about the previous research 

implemented for predicting the soil texture 

properties using CNN network approach and 

hybrid optimization algorithm using selective 

chemical properties as parameters. 

 

Phase 1 

The phase one research was implemented with 

convolutional neural network model to predict the 

soil properties for hyperspectral data. CNN is 

trained for better understanding the pattern of 

processing the hyperspectral data. The 6 soil 

properties are predicted in this phase such as 

organic carbon content, cation exchange capacity, 

nitrogen content, pH level, clay and sand particles 

[31]. The soil texture prediction is based on the 

presence of silt, sand and clay particles, the CNN is 

trained with hyperspectral data as input with 

multiple arrays and the model performed to 

evaluate the RMSE. Deep learning approach was 

proposed by representing the non-linearity for 

scalable data. Finally, concluded with average error 

rate for all the six different types of soil properties 

as 5.68%. 

 

Phase 2 

The phase two was implemented with 

convolutional neural network model integrated wit 

hybrid optimization algorithm called Levenberg 

Marquardt backpropagation optimization 

algorithm. The proposed work was enhanced with 

two more soil properties were added as eight total 

soil properties such as potassium and phosphorous 

to provide a novelty of research and predict the 

texture of soil by reducing the error rate as 2.6% 

compared with phase one error value and increase 

the accuracy of prediction as 96.8% [32]. 

 

Proposed Methodology 

To evaluate the performance of convolution 
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network model to predict the soil texture the 

chemical properties as parameters are used 

selectively and the statistics model was shown in 

the table 1 which executes the better results. 

Table 1. Training statistics using CNN using 100 

bootstrap realisations 

 

Linear regression is the basic machine learning 

algorithm used to find the linear relationship 

between the target and one or more predictors. 

Linear regression has two types such as, 

Simple linear regression 

Multiple linear regression. 

The proposed research is implemented with simple 

linear regression algorithm for classifying the best 

fit regression relationships of data points. 

 

Best fit lines 

The regression line is called as line of best fit due to 

its line drawn through the data points are more 

accurate and the line can minimize the distance of 

actual scores from the distance of predicted score 

values. The below equation is used for modelling 

the best fit line using the linear regression. 

Y = a_0 + a_1 * X (1) 

The best fit line of linear regression is also 

described as, 

Y = bX + a… (2) 

Where, the ‘b’ indicates the slope of the line and ‘a’ 
indicates the intercept, which means the value of Y, 

when the value of X = 0. 

 

Cost functions 

Cost function helps to figure the best possible 

values for a_0 and a_1 which will provide the best 

fit line for the data point. To minimize the worst fit 

lines that is error line the below given equation 

used to avoid worst fit lines, 

Minimize, 𝟏 ∑𝒏 (𝒑𝒓𝒆𝒅𝒊 − 𝒚𝒊)𝟐……(3) 
 

𝒏 𝒊=𝟏 

J = 𝟏 ∑𝒏   (𝒑𝒓𝒆𝒅𝒊 − 𝒀𝒊)𝟐 (4) 

 𝒏 𝒊=𝟏 

Gradient descent 

This is the best method to update the a_0 and a_1 to 

reduce the cost function that is mean square error 

(MSE). 

Linear regression: 

A0 = a0 -α. 𝟐 ∑𝐧   (𝐩𝐫𝐞𝐝𝐢 − 𝐘𝐢) (5)  𝐧 𝐢=𝟏 

A1 = a1 - α. 𝟐 ∑𝐧   (𝐩𝐫𝐞𝐝𝐢 − 𝐘𝐢). 𝐢 (6) 𝐧 

Gradient descent used in deep learning that is 

machine learning model is to find the best 

parameters to reduce the cost function of the 

model. It helps to solve the optimization issues with 

prior iterations and it find the local minimum 

functions and widely used in machine learning 

methods. 

 

Results And Discussion 

Soil texture prediction can be processed with data 

collected from the database called LUCAS with 

12,000 attributes and the entire datasets are taken 

after cleaning process for training the neural 

network and selectively eight chemical and soil 

properties are considered for texture prediction. 

The eight properties are organic carbon, pH level of 

water, potassium, phosphorous, carbonate content, 

nitrogen value, silt and clay particles. The 

hyperspectral data are considered for training the 

network for better prediction process. 

Convolution neural network is built to train the 

huge dataset for effective accuracy improvement 

and error rates are calculated by the RMSE and ME 

using the below given equation, 

The below figure explained about the overall 

process of the proposed research and algorithm 

process,  

MeanError=𝟏(𝒀𝒊 − 𝒀 𝒊)𝟐……(7) 𝒏 RMSE = √𝟏   ∑𝒏𝒊=𝟎(𝒀𝒊 −  𝒀 𝒊)𝟐……..(8) 𝒏 𝒊=𝟎 

Linear regression method is the best analysing 

process to identify the variables which can perform 

the determination of certain factors and it helps to 

ignore the factors which are unnecessary for 

training the data while testing. 

It is one of the machine learning algorithm which is 

the dependent variables and supervised learning 

method helps to predict the factors as dependent 

 Test data Training data 

Mean error RMSE Mean 

error 

RMSE 

N 2.17 9.43 2.4 1.92 

P 0.67 3.40 0.33 2.50 

K 7.89 4.89 6.12 3.56 

pH 0.98 0.72 0.67 0.54 

CEC 1.85 5.12 1.24 4.35 

OC 1.49 41.2 1.2 34.21 

Clay -0.96 12.76 -0.57 9.28 

Soil 2.73 7.34 1.86 6.51 
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Inputdata 

Data cleaning process to 

avoidunreadableformatteddat

a 

target based on the given datasets variable. 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

Figure 4. Overall workflow of proposed model 

 

 

 

 

 

 

 

 

 

Proposed linear regression algorithm 

 

Step 1: Feed the input 

Step 2: Read the entire data (n) given for 

processing. 

Step 3: For i = 1 to n, read Xi and Yi then i. 

Step 4: Initialization of training 

process 

Step 5: Sum values are calculated, for i=1 to 

n, next i. 

Step 6: Constant value of a and b of y 

= a + bx is calculated. b = (n * sum XY – sum X * sum Y)/ (n*sumX2 – sum X 

* sum X) and a = (sum Y - b*sum 

X)/n. 

Step 7: Value of a and b executed 

Step 8: Stop the process 

 

The simple linear regression algorithm mentioned 

by the equation, 

Y = a + bx (9) 

 

Enhanced linear regression algorithm 

An enhanced linear regression algorithm using 

least square method helps to predict the best fit of 

the datapoints and avoid the worst fit faster. The 

proposed algorithm works much better than the 

normal linear regression algorithm by minimizing 

the sum of square errors between the data and the 

model implemented 

 

.  

Figure 5. Best fit- Linear regression model 

 

The enhanced linear regression algorithm is 

applied on simple LR algorithm using least square 

method in three steps as normal equation formed 

and solve it simultaneously for the values a and b 

Trainthe data 

8Properties 

1. Clay 

2. Sand 

3. OC 

4. CEC 

5. pH 

6. N 

7. P 

8. K 

CNN & enhanced 

linearregressionalgorithm 

Improve the accuracy & 

reduceerror rates 

Prediction of soil 

textureaccuracyoutp

ut 
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and substitute the values of a and b with equation 9 

for best fit line. 

 

 

 

 

 

 

Normal Distribution applied 

Normal distribution (ND) is the process of 

displaying the data near to the mean frequently 

than the data far away from the mean value. The 

normal distribution also known as gaussian 

distribution. 

 

Figure 6. Normal distribution of LR 

 

Gaussian distribution is known as skew and it will 

be calculated using python with Scipy module. The 

below figure shows the normal distribution which 

can helps to increase the accuracy of linear models. 

Here, the box- cox transformation method makes 

the skew to be fixed upto 80% of cases and it is 

very useful and powerful to tool to fix the value of 

skewness which makes the non- normal 

distribution fit to normal distribution fit. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Gaussian distribution value before 

transformation 

 

 

Table 2. Comparison of SLR & enhanced LR 

S. No Simple linear regression Enhanced linear regression 

1 It does not have any improved 

techniques 

Box- cox transformation applied 

2 It has a chance to execute low 

accuracy 

It helps to increase the lower accuracy 

to higher 

3 It does not avoid any unfit data 

points 

It will avoid the far away data points 

and make the best fit for error 

reduction. 

 

Table 3. Comparison results of existing and proposed algorithms. 

 Algorithm Accuracy Error rate 

 

 

 

Existing methods 

CNN 95 5.68 

VNIR_SWIR 95.2 7.7 

SOM 87 6 

FFNN 92 3-6 

LMO 96.7 2.6 

Proposed method CNN + enhanced linear 

regression model 

97.4 2.1 

Conclusion 

Prediction of soil texture using their chemical 

properties is really a tough process using images, to 

overcome the situation CNN model was developed 

to train the data collected from the LUCAS database 

as hyperspectral data. There are eight different soil 

properties are taken as parameters to predict the 

texture of soilsuch as organic carbon, cation 

exchange capacity, nitrogen, pH level, clay, sand 

particles, potassium and phosphorous. The 

proposed research work is implemented using 

convolutional neural network (CNN) with enhanced 

linear regression algorithm for better prediction of 
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texture with higher accuracy as 97.4% and lower 

error rates. 
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