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Fig.1 Original image of soil

250
200 2

lSOcn
100)
0
250
150 & 0 ;(‘) -
P 50200 005 B8 o @ ‘50200 i) &
LR 250 0908 7T 250 0 o

A

a. RGB Z[A] A ML IR b. HSV Z= [ Al Y46 B 15
a. RGB space visualization image b. HSV space visualization image

B2 3 EMRE RGB A= HSV R & 2 6] kg T E 1
Fig.2 Visualization of soil image in RGB and HSV color space
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Correspondence table of image feature parameters and
substitute letters
FFEZ$ Feature parameter

3.1

Table 1

F AR 76} Substitute letter

X H _mean

X, —BrEE S _mean

X3 V_mean

X4 H std

X; g S std

Xs V_std

X7 H_third Moment
Xs =MgE S_third Moment
Xy V_third Moment
Xio IR BESLAE SR R (Y R

X IR FE SR R I 1) 00

X2 IR BE LA FE B (R0 LL 2

Xi3 IRBESLAE SR R (R 1 Ty 22

F2 100 REGRHREHES NGRS EITERITER
Table 2 Statistical results of color feature parameters and texture feature parameters calculation of 100 images
iR 47 Statistical indicators X X, X Xy Xs Xs X Xs X5 Xio X X X5
i K{E Max 16.125 47977 215253 9.547  27.998 113.819 13.156 28294 115.108 0.244 28.226  5.068 0.858
f/ME Min 5.135 21.342  91.676  3.423 11.100 58.688  4.941 14.088  75.800  0.010 1.372 2.351 0.365
*3 DBAEGHFESHZEHEXMYE
Table 3 Correlation among 13 image feature parameters
Z4) Parameters Xi X5 X3 Xy X; Xs X7 Xs Xy Xio Xu X2 Xi3
X1 1
X, 0.421 1
X3 0.645 0.655 1
X, -0.406 -0.548 -0.747 1
Xs -0.780 -0.246 -0.778 0.667 1
X -0.805 -0.427 -0.779 0.718 0.943 1
X7 -0.011 -0.437 -0.354 0.793 0.140 0.216 1
X3 -0.743 -0.074 -0.677 0.587 0.981 0.894 0.071 1
Xo -0.791 -0.197 -0.510 0.550 0.874 0.921 0.077 0.878 1
Xio -0.368 0.251 -0.244 0.041 0.487 0.278 -0.206 0.550 0.319 1
Xu -0.345 -0.452 -0.164 0.324 0.147 0.324 0.271 0.084 0.350 -0.460 1
X 0.193 -0.489 0.051 0.097 -0.406 -0.187 0.336 -0.502 -0.281 -0.923 0.604 1
Xi3 -0.084 0.454 -0.130 -0.062 0.372 0.159 -0.285 0.452 0.168 0.839 -0.764 -0.944 1
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Table 4 7-dimensional feature parameters derived from principal component analysis

3.2 EMHONLE
Al LUE B G A PSR 13 NS, S5

FEAL S Sample nubmer F1 F2 F3 F4 F5 F6 F7
1 -15.943 867 10.120 447 -5.370 081 -4.885 529 -0.531 156 0.455 391 -0.889 505
2 27.704 339 -13.382 078 -3.871 811 2.295 241 0.160 221 1.797 315 -0.493 482
3 46.612 955 -4.319 465 -4.474 657 0.859 269 0.932 793 0.098 121 -0.010 338
4 32471711 5.841 787 3.363 701 -3.985 743 1.013 543 -0.636 549 0.901 573
100 70.504 153 12.387 427 -3.460 819 0.597 178 6.469 628 -4.948 285 0.860 971

W FI~F7 AR FER R0 7 FHES 5.

Note: F1-F7 represent 7-dimensional feature parameters derived from principal component analysis.
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Predicting bulk density and porosity of soil using image processing and

support vector regression
Yang Wei, Lan Hong, Li Minzan®, Meng Chao
(College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Soil structure is essential for plant development and moisture balance, generally representing the spatial
heterogeneity of different components or properties of soil. In this case, bulk density and porosity of soil are important
parameters to evaluate the soil structure. In the traditional measurement, the ring knife is normally used to measure soil bulk
density. But this commonly-used measurement requires multiple instruments, such as ring cutters, aluminum boxes, and drying
boxes, although the measured data is accurate to serve as a standard requirement. Particularly, the whole process is
time-consuming and labor-intensive, unsuitable for the rapid and accurate measurement of soil bulk density in a large range of
farmland in recent years. Therefore, it is highly urgent to explore a convenient, efficient, and indirect measurement of soil bulk
density, especially for the input variables for most prediction models in precision agriculture. In this study, prediction models
of soil bulk density and porosity were constructed with the soil resistance using image processing and Support Vector
Regression (SVR). The color and texture parameters of the soil surface image were also used to characterize the soil roughness,
according to the correlation between roughness, resistance, and bulk density of soil. A measuring system was developed to
mount a vehicle for soil resistance. In image processing, HSV color space was used for the threshold segmentation, while the
first-order distance, second-order moment, and third-order moment of HSV three components were taken as color parameters.
The specific texture parameters included the energy, entropy, contrast, and inverse variance of the gray-level co-occurrence
matrix. Principal component analysis was used to extract the principal components of color and texture parameters for the
non-correlation between the input parameters. The correlation analysis was then made between the prediction of the SVR
model and the standard value measured by the ring knife. Specifically, the coefficient of determination R* of the SVR model
reached 0.867 for the prediction of soil bulk density, the coefficient of determination R* of decision tree regression model
reached 0.734 for the prediction of soil bulk density, and the SVR model root mean square error was 0.001 g/cm?, indicating
better performance than that of decision tree regression. Nevertheless, the calculation time took 6.810 s, about 4.7 s longer than
the 2.153 s calculation time of decision tree regression. In soil porosity, the coefficient of determination R* of the SVR model
was 0.743, and the root mean square error was 2.284. The coefficient of determination R* was 0.690 for the decision tree
regression model, the root mean square error was 3.345. The calculation time of the SVR model was 3.144 s, less than the
duration of the decision tree regression model at 4.302 s. It demonstrated that the SVR model can widely be expected to predict
soil bulk density and porosity using color and texture parameters combined with soil resistance as input variables. In the case
of small and medium-sized data samples, SVR model can achieve good prediction results. The finding can provide a sound
reference for the rapid and effective prediction of bulk density and porosity in soil.

Keywords: image processing; soils; bulk density; porosity; HSV image segmentation; Support Vector Regression prediction
model
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