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Fig. 1. Sampling horizon of West Azerbaijan, Iran used in the experiments
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Fig. 2. a) Dry soil in petri dishes and the 1024x1024 pixels regions of interest used in analysis and b) Example of color
changes in different soil samples
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Table 2- Multivariate linear color models used to predict the soil organic carbon in different color space

.. Ooaw !l Fows s
Vamle M‘f;l’el Calibration Validation
R° MSE MPA R* MSE MPA
R,G f(x)=a+b*R+c*G 0.82 0.072 6456 0.92 0.016 564
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Fig. 3. The best diagram for calibration and validation models in RGB color space
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14 L,b* 0.88 0.9
15 L,a*b* 0.91 0.91
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Introduction
The color of soil depends on its composition and this feature is easily available and rather stable. Fast and
accurate determination of soil organic matter distribution in the agricultural fields is required, especially in
precision farming. General laboratory methods for determining the soil organic carbon are expensive, time-
consuming with many repetitions, and high consumption of chemicals. Soil scientists use the Munsell soil color
diagrams to define the soil color. Due to the nature of Munsell color diagrams; this system is less suitable for
recognizing exact color of the soil because of weak relationship and limited number of chips. Fast methods like
image processing, colorimetric and spectroscopy provide a description of most physical characteristics of the soil
color. Some of the advantages of using digital cameras was used in this study, are simple sampling of screened
soil, being free from chemicals and toxic materials and being fast, inexpensive and precise.
Material and Methods
In this research, 80 A-horizon (0-10 cm) soil samples were collected from various agricultural soils in west
Aczerhaijan, in the North West of Iran. Soil texture of these fields was loam clay and clay. The amount of organic
carbon in samples was determined. The camera was installed at the distance of 0.5 m from the Petri dish on the
lighting compartment. Captured images with the digital camera were saved in RGB color space. Processing
operations were done by MATLAB 2012 software. The features extracted from the color images are used to
model the soil organic carbon including the color features in different spaces. Four-color spaces including RGB,
HSI, LAB and LUV were studied to find the relation between the color and the soil organic carbon.
Results and Discussion
The correlation of R component in the RGB model shows a strong single-parameter relation with the organic
carbon as R?=0.83. This good relationship can be due to the compound information of the red color component
on both brightness and chromaticity dimension. The results also show that the organic carbon has a relatively
strong correlation with the light parameters, intensity and lightness in the HSI, Lab and LUV color spaces
respectively. It also has a weak correlation with other parameters, since they cannot have a proper linear
correlation with organic carbon due to their structural nature. Results show that the highest correlation is
obtained when the R and G components participate in modeling and the component B is omitted. One
explanation of this high correlation could be the high sensitivity of component B to the intensity and the angle of
light. Even a small change in light changes this component. Thus, in order to reduce the effect of this component,
it is better to omit it from the models and make models independent of it. In next section, 51 data were used to
train neural network, 14 data were used to test the network and 12 data for network validating. The amount of
soil organic carbon was output of the neural networks that was estimated after training using the color
component values of each segment. To assess the accuracy of the network, estimated values and actual values of
each sample were plotted in a graph. The minimum MSE values were 7.28e-6 with 16 neurons, 3.77e-6 with 14
neurons, 4.8e-3 with 10 neurons and 3.77e-6 with 12 neurons for RGB, HSI, Lab and LUV color spaces
respectively.
Conclusions
The availability of digital cameras, possibility to use it in different situations, being inexpensive and
providing many samples are the advantages of this method to estimate the soil organic carbon amount.
Therefore, digital photography can be used as an analytical method to evaluate the soil fertility. It also requires a
low cost of sample testing, and can provide a good possibility of time and place classification for studying a vast
area. However to develop more reliable models, more effort is needed, such as collecting more soil samples of
different areas that include a wide range of soil features.
Keywords: Digital camera, Neural networks, Organic carbon, Precision agriculture
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