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Abstract— Soil pH plays an important role in many chemical and biochemical processes in soil, including adsorption
and desorption of the ions, nutrient transformations, and nutrients’ availability to plants. This paper suggested
method to determine the PH of the soil by using Artificial Neural Network (ANN). The database that suggested for
this neural network, store the value of the soil colour (RGB) and the PH value of each sample. The neural network
that has been designed depended on secondary data that have been already collected by some of the researchers in
2014,
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I. INTRODUCTION

Soil pH is probably the most important test performed by a soil-test laboratory to help advice producers on how
to maximize crop production. Soil pH, along with some indicator of the pH buffering capacity of the soil, provides
information on how much lime should be applied to achieve a target pH level. The pH buffering capacity of the soil is
usually assessed by measuring pH of a buffer solution after reacting with soil acidity, while some laboratories use soil
texture Soil ph. plays important roles in many chemical and biochemical process in soil Measurement of soil pH is most
commonly conducted with a glass electrode manually placed into a 1:1 mixture of soil/water. [1]. The PH of the soil is a
measure of mix of factors that affect the soil some of these factors are chemical or physical [2] The several of PH
values have affected the crops growing for different stages of growth [3]. The pH. told how the environment is affecting
the soil. These days the technology is used in every field of science. Now it's important and necessary to find new
methods that can estimate the values of ph. and this method can be used in agriculture to determine which crop is suitable
for the soil. And these methods can cover a wide area of land. And can deal with the satellite image. The neural
network is one of the new models that used in different fields and gave a good results in this research, neural network is
suggested to be used to estimate the pH value of soil.

The Artificial Neural Network (ANN) is a type of mathematical model for information processing through
interconnecting structures, similar to brain synapses. Also, ANN is highly appropriate for the modeling of nonlinear
systems among which the back-propagation (BP) network is the most popular and classical, having been applied in
various of fields. A one-hidden-layer neural network can approximate a complicated nonlinear function with arbitrary
precision, with widespread use in practical applications .The most common ANN architecture consists of three layers,
i.e., the input layer where the data are introduced to the model, the hidden/intermediate layer where the data are
processed, and the output layer where the results of given inputs are obtained [4].

The concept of ANN is basically introduced from the subject of biology where neural network plays a important
and key role in human body. In human body work is done with the help of neural network. Neural Network is just a web
of inter connected neurons which are millions and millions in number. With the help of this interconnected neurons all
the parallel processing is done in human body and the human body is the best example of Parallel Processing. [5].

ANN have been used in different filed and gave a well results [6], [7], [8] [9], [10]

Il. LITERATURES REVIEW

In the last two decades the soil image analysis has been used to find different content and some of the chemical
physical and biological effects of soil. The researcher’s use some statistical models are some of the software with image
analysis and they used the new technology to find some of the soil properties. [11] Used the image analysis to determine
the organic matter content by using the statistical measurement and found there is a strong positive correlation between
SOC concertinas and basic colour value of the digital image red, green and blue. (The value of r =0. 93). [15] estimated
the water content of soil by using two colour spaces of digital image (RGB) and (HSV). He discovered that the soil
became darker when the water content increase and the soil wetted up, but this will be in a limited range. The regression
analysis has been used to find the relation between the colour of the soil and the water content of the soil. He found there
is a strong relation between soil colour and water content of soil, light colour of the soil refers to that the soil has poor
organic matter. [12] Determined the solute concentration of soil by developing model based on digital image. Chemical
analysis and soil sampling were used to find the relation between the dye content of soil and the value of digital image
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colour (red , blue and green). The pre-processing is used to detect some of the error that in digital image. Before image
analysis to determine the soil colour at sampling point in profiles. The polynomial regression is used to build the model
with a primary colour (RGB) validation of the technique with independent data showed the methods estimated the
concentration of the dye well. [16] used image analysis to determine some of the physical change of the soil to determine
the shape and the size of the macroprosity of the soil by using Aphelion image analysis to approach have been used in
this methodology, geometrical radius and hydraulic radius. The first approach gave better result that the
second. [13]found the soil pH. value by using digital image processing technique.50 samples of soil have been chosen for
this study during sunlight, captured the image by using digital camera. These images converted to their multispectral by
using TNT Maps spatial. In this research, the researchers are used both RGB and grey level values to find the pH. of the
soil. The result showed that the values of the pH in dark brown soil are in the range of 7.30 to 7.50 in light yellowish soil
the pH. The range of the was between 6.8 and 7.04. the pH in the range of 5.58-6.58 in greenish colour. The variety of
pH values belong to the variety of soil content.

I1l. METHODS AND MATERIALS

The idea of this study to find the pH value of soil, according to the soil colour by using neural network. The
sample of soil is taken from many lands and its pH value was estimated according to the sample colour. That mean
database is needed for this purpose to compare the current soil sample with, and find its pH value. The colour values
(RBG) of the soil will compare with the colour values of the samples that already store in database and find the minimum
error to determine the pH. value of the current sample. That means the value that need to store in the database is the basic
colour value (RBG) and the pH value of each sample that already collected. And the data needed for the sample that we
want to find its pH. are (RGB). The two RGB values of the sample and database will compare to find the value of pH..

In this study, we used secondary data that already collected by another study. These data include 50 samples of
soil with different colour. Each sample of these samples is analyzed to its basic colour values, RGB and found the pH.
value for each one, then we have the colour values of soil and its pH. value. This data is used to store in a database to use
in our research. The table below shows the values of RGB and the pH that collected by [13]. The training is done with
known value of these data to train the neural network. Now these data will cover the requirements that we need to build
database to be ready to use for compering with the soil sample that we need to find its pH value. And these data have the
RGB values that need to compare and the pH values. These datacan classify in three classes, dark brown, light yellowish
and greenish. And have the pH. values from 5.5 to 8.3.
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Fig 1: The data that used for research [13]

Proposed Neural Network

The Architecture of the neural network consists of three main layers, the first is the input layer the second is the
hidden layer and the third is the output layer. In this proposed network the input layer consists of three nodes use for
input and one hidden layer with 10 neurons and one node for the output layer. The three input nodes will use to input the
three basic colours of soil (RGB) and these inputs will process in hidden layer to give the output. One output node uses to
give the value of pH for the selected sample.

Fig 2: The proposed Neural Network
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In this network 70% (34 samples) of data is used for training , 15%( 8 samples) is used for validation and

15%(8 samples) used for testing.

Model performance evaluation
The following four statistical indicators were selected in the performance evaluation of ANN models [4] [14]

1) Mean absolute error (MAE)
n
1
MAE = —Z \Mi — Ei|
n i=1

2) Mean absolute percentage error (MAPE) i
1< |Mi—Ei
MAPE = —Z |
4
i=1

= 10084

ﬂ'f:‘

3) Root mean square error (RMSE)
n o (Mi — Ei)®

| i=1

..d n

RMSE =

4) Determination coefficient (R?) _ o
[(Er,(Ei — E2). (Mi — MuJ]?

B 2L (Ei - B X (Mi - My

R

where n is sample size, Ei is estimated Ph value, Mi is the Ph value from collected data.

IV. RESULTS
After used this neural network for our system to the data we calculated the statistical indicators were selected in
the performance evaluation of ANN models . the table below shows the values of the measurement.

Table 1: Values of Neural Network Performance Measurement

MAE MAPE RMSE R?
0.8 0.2 0.18 0.8

The table showed the result that indicates to the good performance of the model in this range of colour. And the
error here is small and the estimate result is close to the real values that already collected. The table shows the
two values of pH when phl is represented the pH value that collect from the data and ph2 is representing the pH value
that the estimate of the model.
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Fig 3 : The two Phs values are there the value of Phl that get from lab and ph2 the value get from Model

V. CONCLUSIONS

This model showed a good performance and it can be used to estimate the pH. values of soil in this range (5.5 to
8) and the value of error evaluated refers to the small error value of the model. The results of this study support the
conclusion that the use of neural network to forecast the. values would be a useful tool. Analysis of comparisons between
real values of pH calculated using the chemical analysis and pH. A value estimated by using neural network correlated
very well (R2 between 0.8) and had low RMSE values (018), low MAE value (0.8) and low MAPE value 20%.These
errors also can be reduced by increasing the numbers of sample data that can use for training to cover more soil colour
and more ph. values and if the amount of data that use in neural network increase this will lead to better performance.
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