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Abstract

In the present paper, we have studied the effect of soil textures, i.e., sand, silt and clay on micro-
wave scattering at X-band (10 GHz) at various incidence angles and like polarizations (i.e., Hori-
zontal-Horizontal; HH-, Vertical-Vertical; VV-). We have proposed a retrieval technique based on
Genetic Algorithm (GA) to retrieve soil texture. For this purpose, ten types of soil mixtures having
different percentage of sand, silt and clay have been analyzed. The observations were carried out
by ingeniously assembled X-band scatterometer. A good agreement has been noticed between es-
timated and observed soil texture. Study infers that soil texture is quite sensitive to radar scatter-
ing and it is possible to retrieve soil texture with radar/scatterometer data with good accuracy
and this type of retrieved results can be helpful to predict soil strength as well as soil erosion of
the particular area.
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1. Introduction

Nowadays it is quite interesting task to monitor the Earth’s surface because it represents an essential part of the
ecosystem. One of the important elements of the Earth’s surface is soil. Soil can be parameterized by various
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ways but for radar remote sensing it can be parameterized in terms of its dielectric and geometric properties. The
dielectric properties of the soil are expressed by its composition (soil texture) and moisture whereas the soil
roughness describes the geometric properties of the soil surface [1]-[4].

The knowledge of soil texture is important for the various applications like study of soil erosion, soil strength,
generation of the soil texture map for land use planner etc. [5] [6]. According to United States Department of
Agriculture (USDA) soil can be classified in terms of the percentage of Sand, Silt and Clay. Sand, Silt and Clay
are classified in terms of their size as shown in Table 1 [7]. The relative percentage of these size based catego-
ries, determines the soil’s textural class (i.e. loamy, silt loamy etc.). Change in the soil textural class can deter-
mine the soil strength and erosion properties [5] [6].

Generally, people are using the classical methods in soil physics which is based on point measurement to es-
timate these ground surface (i.e., soil) parameters. These methods are very cumbersome and take a lot of time.
However, remotely sensed (from space or airborne sensors) information provides new opportunities to hydrolo-
gists and ecologists to study soil characteristics for large region with spatial resolution from a meter scale to a
global scale [8]-[12]. Therefore, it is important to critically analyze various remote sensing techniques so that
suitable technique may be selected for retrieving various Earth’s surface parameters. In this regard, radar remote
sensing with its sensitivity to the dielectric and geometric characteristics of objects, its weather independent im-
aging capability and its potential to acquire subsurface information, is one of the most promising approaches for
the surface parameter estimation [1] [3] [4] [8]-[10]. Therefore, in this paper an attempt has been made to study
soil texture with microwave scattering and we have proposed a retrieval algorithm to retrieve soil texture, which
can be considered as a powerful technique to access soil texture with remotely sensed data.

Several researchers since last many decades are studying the electromagnetic wave scattering on rough sur-
faces [2] [3] [13]. Many experimental measurements related with Scatterometer have been accumulated and
many approaches have been developed in order to predict and interpret experimental data. Several moisture and
surface parameter retrieval methods are listed in the literatures [1] [4] [8]-[19]. Various physical models (i.e.,
Physical Optics, Small Perturbation Model (SPM), Kirchhoff Approximation) are available which are directly
related to the radar scattering and soil parameters like soil moisture and roughness but these models need a lot of
inputs or a priori information to retrieve soil parameters [2]. Second type of modelling approach that is called
semi-empirical approach [4] [8] [19] is used to overcome some of the limitations of theoretical models.

All these theoretical, semi-empirical and empirical models utilize either three datasets (HH, VV and HV) or
two datasets (HH and VV) and subsequently these models are used to invert a few parameters that depend on
number of the datasets used. With the need of retrieval of more parameters with the less number of datasets,
search of the optimization techniques started. The optimization techniques, generally used by researchers, are
Artificial Neural Networks (ANN), Genetic Algorithms (GA), Particle Swarm Optimization (PSO) and many
others. The ANN method always takes a large amount of data and long time to train the network whereas genet-
ic algorithm (GA), which is based on the principle of optimal selection in natural evolution process, has been
widely applied to optimization problems in engineering [13] [19]-[22]. In remote sensing, GA is used for the re-
trieval of the multi parameters, i.e., soil moisture, roughness and other soil constituents.

A lot of work has been done for the retrieval of moisture contents and surface roughness but very few works
has been reported for estimation of soil texture with radar approach. The soil texture is the field in which ad-
vancement and more research is required. To retrieve soil texture, i.e., percentage of sand silt and clay, we
should relate soil texture to dielectric constant of the soil. The dielectric constant of soil is related to the scatter-
ing coefficient. Therefore, by the use of effective optimization technique, soil texture constituents can be re-
trieved. Therefore, in this paper, microwave scattering properties have been observed for various soil textures at
X-band using ingeniously designed Scatterometer. Results of this study are further used to develop soil texture
retrieval algorithm using GA. This paper is organized as follows. Section Il explains the field measurements

Table 1. Particle size classification of soil.

Type of soil constituent Particle Size (mm)
Sand 2-0.05
Silt 0.05 - 0.002
Clay <0.002
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followed by Section Il which describes experimental procedure and various field data observed. Modelling ap-
proach to retrieve soil texture has been developed in Section IV. Section V deals with results and discussion part
which discusses modelling approach in detail and Section VI concludes with final remark.

2. Field Measurements

The soil moisture was calculated by taking the soil samples randomly from five points in the Sandpit. These soil
samples were weighted and dried at 110° for one day and then the weight of the dried soil is measured. The vo-
lumetric soil moisture is calculated as follows

m = Weight of moist soil - Weight of dry soil o
! Weight of dry soil

o 1)

where py, is soil bulk density.

Surface roughness measurement profiler was used to carry out the surface roughness measurement. Some
points are sampled on the rough surface and data was collected to make a graphical estimation of the replica of
the surface. Root-mean-square (RMS) surface height was measured with this replica.

Sieve analysis and hydrometric test were carried out for the measurement of soil particle size. The detailed
experimental procedure is provided in [23]. The percentage of sand, silt and clay for different soil texture field
was decided based on sieve analysis and hydrometric test.

3. Experimental Procedures and Field Data

The observations were carried out by ingeniously developed X-band scatterometer and details of scatterometer
are given in [14]-[17]. Ten bare soil plots (P1 to P10) of dimension 2.5 m x 2. 5 m with different soil textures,
constant RMS surface heights and constant soil moisture content were taken for development and testing of al-
gorithm. The scatterometer setup is designed for measurement of scattering coefficient at X-band (10 GHz) for
co-polarizations (HH-Pol and VV-Pol) and incidence angles from 30° to 70° by 10° steps. The average volume-
tric soil moisture content of these plots was measured as 0.06 cm®cm™3, i.e., the soil fall in dry category, which
was taken approximately same for all plots.

4. Model Development

A modelling approach for retrieving soil texture using genetic algorithm is shown in the Figure 1. The follow-
ing steps were carried out to implement the proposed algorithm for retrieving soil texture.

Step 1: Scattering coefficient was observed for 10 different soil texture fields keeping soil moisture and sur-
face roughness constant. Observations were carried at different incidence angles and in HH- and VV-pol. An

Observed Scattering
Coefficient
oy and oy,

‘ Regression Analysis ‘

Best Incidence Angle
and Polarization
Selection

Calculation of oy,
using Dubois Model Ty
Application of GA on
Cost function
(as given in equation 5)

Retrieved constituent of
soil texture
(Sand, silt and clay)

Figure 1. Modeling Approach to retrieve soil texture
using genetic algorithm.
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analysis was carried to observe the change in scattering coefficient with the change in sensor parameters, i.e.,
incident angle, polarization and target parameters, i.e., soil texture. Significant changes in scattering coefficient
were observed for the change in sensor parameters as well as target parameters.

Step 2: Regression analysis was carried out to select best incidence angle and polarization based on R? values.
It was observed that scattering coefficient at 70° in V'V-pol provide best R? value. Therefore, this scattering
coefficient value was used for retrieval of soil texture.

Step 3: A cost function was developed for retrieval of soil texture, i.e., sand, silt and clay. Dubois model [3]
was used as theoretical model that will provide theoretical scattering coefficient for optimization of cost func-
tion.

Step 4: Genetic Algorithm (GA) was applied on developed cost function to evaluate sand, silt and clay per-
centage in soil. Theoretical scattering coefficient and observed scattering coefficient were used in the optimiza-
tion of cost function with GA. GA, originally developed by Holland, is efficient to solve various combinatorial
optimization problems [13] [19]. They are stochastic search approaches based on randomized operators, such as
selection, crossover and mutation. For the present work, Continuous Genetic Algorithm (CGA) has been used to
optimize the percentage of sand, silt and clay in the soil.

5. Results and Discussion
5.1. Behavior of Scattering Coefficient for Different Soil Texture Field

With the use of the measurement setup, the scattering coefficient was observed for ten different type of soil tex-
ture. The incidence angle and polarization are quite sensitive to soil texture, which is examined by the experi-
mental results. Figure 2 and Figure 3 show angular variation of scattering coefficient for HH- and VVV-pol re-
spectively for five different bare soil surfaces with RMS height approximately equal to 0.5 cm and volumetric
soil moisture content was 0.06 cm®cm 3.,

The percentage of gravels was approximately same for first five fields (P1 to P5) whereas a good variation in
percentage of sand, silt and clay among all five fields were prepared. The average dynamic range in scattering
coefficient with incidence angle was 6.8 dB and 13.8 dB for HH- and VVV-pol respectively for all plots. VV-pol
shows wider dynamic range of o°, therefore this polarization may be used for assessing the texture of soil more
precisely due to its wider dynamic range in comparison with lesser dynamic range of HH-pol.

It is observed in Figure 2 (HH-pol) that the average dynamic range of &° with angle of incidence is maxi-
mum for plot 5 and minimum for plot 1. In plot 5, the percentage of sand and percentage of silt is approximately
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Figure 2. Angular variation of scattering coefficient for vari-
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same whereas in plot 1 percentage of sand is very high in comparison to percentage of silt. It is observed from
other plots, i.e., P2, P3 and P4 that as the percentage of silt increases and percentage of sand decreases, the dy-
namic range in scattering coefficient with incidence angle increases.

It is mentioned earlier that quite good dynamic range with incidence angles has been observed for all plots in
VV-polarization. In VV-polarization, maximum dynamic range in scattering coefficient is observed for plot 5.
But, it is observed that changing the soil texture from plot 1 to plot 5, a good variation in scattering coefficient
were observed. The dynamic range for VVV polarization is more than the HH polarization, which infers that the
polarization effect is prominent while observing the texture parameters. A quite good dynamic range of scatter-
ing coefficient has been observed for VV-pol, which infers that VV-pol may be more effective while observing
the soil texture at X-band.

5.2. Regression Analysis

Regression analysis was performed to obtain best suitable incidence angle and polarization for observing the soil
texture effect at X-band. Regression analysis between scattering coefficient and field values has been carried out
at different incidence angle keeping moisture and roughness as constant. The confidence level was 95% and R?
values are shown in Table 2. It was observed from Table 2 that lower incidence angles show lower value of R?
for both like polarizations whereas at higher incidence angle (i.e., 70°) both polarizations have significant value
of R? Our earlier findings also show the similar result [16] [17]. The R? values for VV-pol are quite high in
comparison to HH-pol which is in accordance to experimental observation. It can be said that in the bi-static
measurements at X-band, VVV-polarization at 70° incidence angle may be more suitable to observe the soil tex-
ture. Therefore, further analysis for retrieving the soil constituents has been carried out at 70° incidence angle
and VV-polarization.

5.3. Development of Cost Function

In this step, a cost function is generated with the help of Dubois [3] model. Three parameters, percentage of sand,
silt, and clay, were encoded into genes to be optimized. Vertically polarized scattering coefficientat 70° inci-
dence angle is used to retrieve soil texture. The selection of polarization and incidence angle is discussed in Sec-
tion 5.2.

It is observed that the scattering coefficient (o) can be the expressed as a function of the system parameters,
incidence angle, frequency, and soil parameters, such as dielectric constant and surface roughness. The resulting
expression is given in Equation (2) [2].

o'=f(e,6,h,,) 2

where, @is the incidence angle, ¢ is the real part of the dielectric constant, hyy is the normalized surface rough-
ness. The dielectric constant (8) can be expressed to the percentage of sand, silt and clay as provided in Equa-
tion (3) [24].

e=(a,+3S+a,C)+(b, +bS+b,C)xm+(c, +¢S +¢,C)xm? ©))

where a;, b; and ¢; are constant and i = 1, 2 and 3. Therefore, the scattering coefficient can be expressed as give
in Equation (3).

o°=f(mS,Si,C,0,h,) (4)

where m is soil moisture content, S is the percentage sand, Si is the percentage silt and C is the percentage Clay.

Table 2. R? values for VV and HH polarization.

Angle of Incidence (degrees) R? VV Polarization R? HH Polarization
30 0.03 0.03
40 0.04 0.14
50 0.24 0.15
60 0.67 0.17
70 0.76 0.46
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Scattering coefficient give by Equation (4) can be used to form a cost function (Equation (5)) for the retrieval of
soil constituents with Genetic Algorithm. In present case, surface roughness (h.,s) and soil moisture (m) are
taken as constant, so we have not considered h;,s and m for retrieval. Cost function is provided in Equation (5).

C =X [o (6)-a%y (0) ©)
where oy, is the observed data from Scatterometer used for retrieval of the surface parameters and o, is
the Dubois model used for training as given in Equation (6).

023 0953 0100.046stan6 khsin® 6 11 207 ©)
sind

O'JV =1
where, @ is the incidence angle, ¢ is the real part of the dielectric constant, kh is the normalized surface rough-
ness and A is the wavelength.

5.4. Retrieval of Soil Texture Constituents with Genetic Algorithm

Genetic Algorithm is applied on the cost function (Equation (5)) where theoretically calculated scattering coef-
ficient as given in Equation (6) and observed scattering coefficient (obtained from Scatterometer) were used to
compute percentage of sand, silt and clay. To compare the degree of closeness between observed, retrieved and
validated sand, silt and clay, plots were drawn in Figures 4(a)-(c). We observed 10 different soil texture fields
(P1 to P10) form which five fields (P1 to P5) were used for development of our algorithm and rest of soil texture
fields (P6 to P 10) were used to validate the algorithm. Good agreement between retrieved and observed value of
soil texture, i.e., percentage of sand, silt and clay were observed as shown in Figures 4(a)-(c).
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6. Conclusion

It is observed that scattering coefficient is quite sensitive to soil texture constituents and good dynamic range in
scattering coefficient at X-band was observed for the change in soil texture. The sensitivity of soil texture is
better observed at higher incidence angle than lower incidence angle in both polarizations, i.e., HH- and VVV-pol.
Change in soil texture is also sensitive for polarization and it was observed that VV-pol is more sensitive than
HH-pol for different soil texture field. Retrieval of soil texture is carried out with Genetic Algorithm and it may
be concluded that Genetic algorithm is one of the good optimization techniques for retrieval of soil texture con-
stituents. A good agreement between measured and estimated values of percentage of sand, silt and clay is ob-
served.

References

(1]
[2]
(3]
(4]
(5]

(6]

[7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]

[18]

Engman, E.T. and Chauhan, N. (1995) Status of Microwave Soil Moisture Measurements with Remote Sensing. Re-
mote Sensing of Environment, 51, 189-198. http://dx.doi.org/10.1016/0034-4257(94)00074-W

Ulaby, F.T., Moore, R.K. and Fung, A.K. (1982) Microwave Remote Sensing-Active and Passive, Vol. Il. Artech
House, Norwood, 921-949.

Li, K.F. and Chen, K.S. (1992) Backscattering from a Randomly Rough Dielectric Surface. IEEE Transactions on
Geoscience and Remote Sensing, 30, 356-369. http://dx.doi.org/10.1109/36.134085

Dubois, P., Van Zyl, J. and Engman, T. (1995) Measuring Soil Moisture with Imaging Radars. IEEE Transactions on
Geoscience and Remote Sensing, 33, 915-926. http://dx.doi.org/10.1109/36.406677

Formaggio, A.R., Gameiro, M.G. and Epiphanio, J.C.N. (1998) Soil erosion Modeling Using “USLE”: Two Ap-
proaches for Evaluating the Parameters “I"” and “s”. Symposium of Geoscience and Remote Sensing, Seattle, 6-10 July
1998, 856-858.

Yang, S.T. and Zhu, Q. (2003) A Model of Intelligent Interpreting Soil Erosion Based on Geographical Knowledge.
IEEE Transactions on Geoscience and Remote Sensing, 4, 2468-2470.

Brown, R.B. (2003) Soil Texture. University of Florida, IFAS Extension. http://edis.ifas.ufl.edu/SS169

Prakash, R., Singh, D. and Pathak, N.P. (2012) A Fusion Approach to Retrieve Soil Moisture with SAR and Optical
Data. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 5, 196-206.
http://dx.doi.org/10.1109/JSTARS.2011.2169236

Shen, X., Mao, K., Quin, Q., Hong, Y. and Zhang, G. (2013) Bare Surface Soil Moisture Estimation Using Double
Angle and Dual Polarization L-Band Radar Data. IEEE Transactions on Geoscience and Remote Sensing, 51, 3931-
3942. http://dx.doi.org/10.1109/TGRS.2012.2228209

McNairn, H., Merzouki, A., Pacheco, A. and Fitzmaurice, J. (2012) Monitoring Soil Moisture to Support Rish Reduc-
tion for the Agriculture Sector Using RADARSAT-2. IEEE Journal of Selected Topics in Applied Earth Observations
and Remote Sensing, 5, 824-834. http://dx.doi.org/10.1109/JSTARS.2012.2192416

Aubert, M., Baghdadi, N.N., Zribi, M., Ose, K., El Hajj, M., Vaudour, E. and Gonzalez-Sosa, E. (2013) Toward an
Operational Bare Soil Moisture Mapping Using TerraSAR-X Data Acquired over Agricultural Areas. IEEE Journal of
Selected Topics in Applied Earth Observations and Remote Sensing, 6, 900-916.
http://dx.doi.org/10.1109/JSTARS.2012.2220124

Singh, D. (2005) A Simplistic Incidence Angle Approach to Retrieve the Soil Moisture and Surface Roughness at
X-Band. IEEE Transactions on Geoscience and Remote Sensing, 43, 2606-2611.
http://dx.doi.org/10.1109/TGRS.2005.856634

Jin, Y. and Wang, Y. (2000) A Novel Genetic Algorithm to Retrieve Surface Roughness and Wetness from Angular
Back-Scattering. IEEE Transactions on Geoscience and Remote Sensing, 5, 2021-2023.

Singh, D. and Dubey, V. (2007) Microwave Bistatic Polarization Measurements for Retrieval of Soil Moisture Using
an Incidence Angle Approach. Journal of Geophysics and Engineering, 4, 75-82.
http://dx.doi.org/10.1088/1742-2132/4/1/009

Singh, D. (2005) Polarization Discrimination Ratio Approach to Retrieve Bare Soil Moisture at X-Band. IEEE Interna-
tional Geoscience and Remote Sensing Symposium Proceedings, Seoul, 25-29 July 2005, 408-411.

Prakash, R., Singh, D. and Pathak, N.P. (2009) Microwave Specular Scattering Response of Soil Texture at X-Band.
Advances in Space Research, 44, 801-814. http://dx.doi.org/10.1016/j.asr.2009.05.016

Prakash, R., Singh, D. and Pathak, N.P. (2010) The Effect of Soil Texture on Soil Moisture Retrieval for Specular
Scattering at C-Band. Progress in Electromagnetic Research, 108, 177-204. http://dx.doi.org/10.2528/PIER10050403

Mittal, G. and Singh, D. (2010) Critical Analysis of Microwave Scattering Response on Roughness Parameter and



http://dx.doi.org/10.1016/0034-4257(94)00074-W
http://dx.doi.org/10.1109/36.134085
http://dx.doi.org/10.1109/36.406677
http://edis.ifas.ufl.edu/SS169
http://dx.doi.org/10.1109/JSTARS.2011.2169236
http://dx.doi.org/10.1109/TGRS.2012.2228209
http://dx.doi.org/10.1109/JSTARS.2012.2192416
http://dx.doi.org/10.1109/JSTARS.2012.2220124
http://dx.doi.org/10.1109/TGRS.2005.856634
http://dx.doi.org/10.1088/1742-2132/4/1/009
http://dx.doi.org/10.1016/j.asr.2009.05.016
http://dx.doi.org/10.2528/PIER10050403

R. Tiwari et al.

[19]

[20]
[21]

[22]
[23]

[24]

Moisture Content for Periodic Rough Surfaces and Its Retrieval. Progress in Electromagnetics Research, 100, 129-152.
http://dx.doi.org/10.2528/PIER09091705

Singh, D. and Kathpalia, A. (2007) An Efficient Modelling with GA Approach to Retrieve Soil Texture, Moisture and
Roughness from ERS-2 SAR Data. Progress in Electromagnetics Research, 77, 121-136.
http://dx.doi.org/10.2528/PIER07071803

Haupt, R.L. (1995) An Introduction to Genetic Algorithms for Electromagnetics. Antenna and Propagation Magazine,
37, 7-15.

Chelouah, R. and Siarry, P. (2000) A Continuous Genetic Algorithm Designed for the Global Optimization of Multi-
modal Functions. Journal of Heuristics, 6, 191-213. http://dx.doi.org/10.1023/A:1009626110229

Chapter on Continuous Genetic Algorithm. http://www.ie.itcr.ac.cr/rpereira/mat_ant/Genetic%20Algorithms/ch3.pdf

Apparao, K.V.S. and Rao, V.C.S. (1995) Soil Testing-Laboratory Manual and Question Bank. Laxmi Publication, New
Delhi, 18-28.

Hallikainen, M.T., Ulaby, F.T., Dobson, M.C., El-Rayes, M.A. and Wu, L.-K. (1985) Microwave Dielectric Behaviour
of Wet Soil-Part 1: Empirical Models and Experimental Observations. IEEE Transactions on Geoscience and Remote
Sensing, GE-23, 25-34. http://dx.doi.org/10.1109/TGRS.1985.289497



http://dx.doi.org/10.2528/PIER09091705
http://dx.doi.org/10.2528/PIER07071803
http://dx.doi.org/10.1023/A:1009626110229
http://www.ie.itcr.ac.cr/rpereira/mat_ant/Genetic%20Algorithms/ch3.pdf
http://dx.doi.org/10.1109/TGRS.1985.289497

www.scirp.org

Scientific
Research

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and

contributes to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either

submit@scirp.org or Online Submission Portal.

American Journal of | i <
Plant Sciences ( Applied Mathematics

Special Issue on Experimental Design!

Advances in

Bioseience and Biotechnology

. & scand

Agricultural Sciences Food and Nutrition Sciences

Special Issue on Research on Rice

Journal of Computer
and Communications

Journal of
Modern Physics Natsuglaeln -

Editor-in-Chief
Kuo-Chen Chou
s arg e



http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	Microwave Scattering for Soil Texture at X-Band and Its Retrieval Using Genetic Algorithm
	Abstract
	Keywords
	1. Introduction
	2. Field Measurements
	3. Experimental Procedures and Field Data
	4. Model Development
	5. Results and Discussion
	5.1. Behavior of Scattering Coefficient for Different Soil Texture Field
	5.2. Regression Analysis
	5.3. Development of Cost Function
	5.4. Retrieval of Soil Texture Constituents with Genetic Algorithm

	6. Conclusion
	References

