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Abstract—This paper aims to explore the use of various 
DDM methods for soil moisture retrieval, identifying the 
advantages and disadvantages of each, compare and evaluate the 
results for further study. The study looks into the advantages and 
disadvantages of each DDM method, summarizing the Root-
Mean-Square-Error (RMSE) to identify soil moisture condition. 
In this study, Neural Network Model, Fuzzy-Rule Model, 
Bayesian Model, Multiple Regression Model and Support Vector 
Machines (SVM) were reviewed.  

The Neural Network model performed better compared with 
other models, proven with the lowest number of RMSE. The 
SVM model also showed high potential, whereas the Bayesian, 
Multiple Regression and Fuzzy-Rule Based models showed 
higher RMSE values, which indicate higher difference in 
accuracy. 

Keywords— Data Driven Modelling (DDM,) Neural Network 
Model, Fuzzy-Rule Model, Bayesian Model, Multiple Regression 
Model and Support Vector Machines (SVM), Root-Mean-Square-
Error (RMSE) 

I.  INTRODUCTION 
Soil moisture values derived from remote sensing 

platforms only accounts for the top 5cm near surface soil 
layers. The measuring of soil moisture using remote sensing is 
dependent on a relationship between the remote sensing 
parameter and soil moisture. Microwave remote sensing 
measurements (both active (radar) and passive (radiometry)) 
of bare soil surface are very sensitive to the water content in 
the surface layer due to the pronounced increase in the soil 
dielectric constant with increasing water content. Various 
theoretical and empirical models have been devised to retrieve 
soil moisture from data. Recent advancements entitled Data 
Driven Modeling (DDM) which encompasses computational 
intelligence has emerged. DDM is based on analyzing the data 
about the system, in particular finding connections between 
the system variables (input, internal and output variables) 
without explicit knowledge of the physical behavior of the 
system. 

This paper aims to identify and explore the use of various 
DDM techniques for soil moisture retrieval using active and 
passive microwave data, evaluates the strengths and 
weaknesses of different DDM techniques for soil moisture 
retrieval, compare and evaluate the result for further study. 
The common DDM techniques evaluated in this study cover 
Neural Network Model, Fuzzy-Rule Model, Bayesian Model, 
Multiple Regression Model, and Support Vector Machines 
(SVM). 

II. THEORETICAL BACKGROUND 
Soil moisture retrievals from microwave remote sensing 

techniques have the potential for efficient and reliable 
mapping of spatial soil moisture distributions. However, the 
techniques used are typically complex due to inherent 
difficulty in characterizing the interactions among land surface 
parameters that contribute to the retrieval process. Therefore, 
adequate physical mathematical descriptions of microwave 
radiation interaction with parameters such as land cover, 
vegetation density, and soil characteristics are not readily 
available. On the other hand it may possible to use non-
parametric methods incorporating DDM techniques to retrieve 
soil moisture distributions. 

In this study, common DDM techniques for soil moisture 
retrieval using microwave remote sensing data are identified, 
studied and reviewed. Each of these DDM used different input 
parameters. Neural Network Model, for example, takes into 
account the land cover, soil texture, soil temperature, and 
canopy temperature gathered from ancillary data [24]. The 
Fuzzy Logic Model looks into active microwave SAR data, 
soil moisture, NDVI, Vegetation Water Content (VWC), 
Vegetation Optical Depth (VOD), SAR textural images 
(homogeneity, contrast, dissimilarity, mean, variance, entropy, 
angular second moment, and correlation), and soil texture 
(percent of sand) [1]. Bayesian Model takes input parameters 
such as SD for height, correlation length and dielectric 
constant were considered for the training purposes. The 
Multiple Regression Model looks into backscatter, soil 
characteristics, and Normalized Difference Vegetation Index 
(NDVI) [1], [3]. SVM Model trains data set consisting of soil 
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moisture and meteorological data (relative humidity, average 
solar radiation, soil temperature at 5 cm and 10 cm, air 
temperature, and wind speed). 

The expected soil moisture accuracy is indicated by RMSE 
– a frequently used measure of the differences between values 
(in this case, data set studied by each DDM model) predicted 
and the values actually observed (in this case, the ground 
measurement). RMSE represents the sample standard 
deviation of the differences between predicted values and 
observed values. It serves to aggregate the magnitudes of the 
errors in predictions for various times into a single measure of 
predictive power. RMSE is a good measure of accuracy and is 
scale-dependent. The accuracy of soil moisture condition 
using microwave remote sensing data is at RMSE value of 
4%. Higher values indicate lower level of accuracy, whereas 
lower values indicate higher level of accuracy in identifying 
soil moisture condition. 

In this paper, the five commonly used DDM techniques, 
namely Neural Network Model, Fuzzy-Rule Model, Bayesian 
Model, Multiple Regression Model, and Support Vector 
Machines (SVM) are identified. The different type of data 
input, strengths and weaknesses are compared to support 
future study in this domain. 

III. COMMON DDM USED 

A. Neural Network Model 
Neural network is a highly interconnected system of 

simple processing elements (nodes) designed to mimic the 
highly parallel human biological neurons [1]; usually 
organized into a sequence of fully connected layers [2]. TWO 
(2) phases involved: training and validation: training is the 
process of adapting the connection weights in response to the 
training data presented at the input layer and the desired 
response at the output layer; whereas validation is then used to 
assess the performance of the trained neural network via the 
input vector and the created response at the output layer [1]. 
Prediction made by neural network is high in accuracy, 
validated by the ground measurements [5], [10]. The 
prediction has an ability to identify subtle and nonlinear 
patterns [5]. Performance is not affected significantly by the 
variation of the architecture configuration [1]. Another strong 
point of the neural network model is that it does not require 
normally distributed continuous data and may be used to 
integrate data from different sources with poorly defined or 
unknown distributions [5]. 

Neural network model is able to take a specific set of input 
data and generalize a solution set [10]. Better correlation 
between soil moisture and SAR backscattering was found in 
areas with high soil moisture content. Retrieval of soil 
moisture in highly vegetated areas was less accurate than bare 
soil areas [4]. Neural network model shows higher potential to 
estimate soil moisture. The inverse relationship between 
inputs and outputs was established in the training phase when 
the inputs were presented [1]. 

The results of the study, identified from the experiments 
conducted, showed diverse outcomes in RMSE value with the 
lowest RMSE at the value of 3.4% [24] as per study conducted 

by Chai et al. [24] with a 2-day experiment conducted in the 
northern part of the Goulburn River catchment, located in a 
semiarid area of south-eastern Australia. This catchment 
extends from 31°46’S to 32°51’S and 149°40’E to 150°36’E 
with elevations ranging from 106 m in the floodplains to 1,257 
m in the northern and southern mountain ranges [24]. The 
input parameters carried out in the study conducted by Chai et 
al. [24] consist of land cover, soil texture, soil temperature, 
and canopy temperature gathered from ancillary data [24]. 

B. Fuzzy Logic Model 
Fuzzy logic model makes use of approximate and effective 

linguistic approach; it has the capability to describe the 
behavior of systems that are imprecise and vague, and too 
complex to be analyzed with precise mathematical approaches 
[1]. Fuzzy systems provide a computational framework in 
which linguistic knowledge is expressed in the form of fuzzy 
IF-THEN rules [15], [16]. Fuzzy system includes the 
processes of fuzzification, inference system, and 
defuzzification. Fuzzification involves the process of 
transforming crisp values of image data into grades of 
membership in linguistic terms. The fuzzy inference system is 
based on the concepts of fuzzy set theory, fuzzy if-then rules, 
and fuzzy reasoning. Defuzzification involves the process of 
transposing the fuzzy crisp outputs in the form of image data 
[1]. The model is suitable and able to deal with uncertainty 
and imprecision in a decision-making process, and offers a 
new approach for classifying remotely sensed images [17]. 
Estimation of soil moisture is more balanced [1], [17]. Better 
correlation between soil moisture and SAR backscattering was 
found in areas with high soil moisture content. Retrieval of 
soil moisture in highly vegetated areas was less accurate than 
bare soil areas [2].  

The data used for this study governs active microwave 
SAR data, soil moisture, NDVI, Vegetation Water Content 
(VWC), Vegetation Optical Depth (VOD), SAR textural 
images (homogeneity, contrast, dissimilarity, mean, variance, 
entropy, angular second moment, and correlation), and soil 
texture (percent of sand) [1]. 

Prediction made by fuzzy logic is more stable in nature [1], 
[2]. The lowest RMSE and correlation coefficient (R) of the 
model was at the value of 4.82% and 0.55 respectively, as 
identified by Lakhankar et al. [1] from a study area located at 
Oklahoma, USA (97°35’W, 36°15’N). This area was selected 
based on the availability of soil moisture measurements 
collected in 1997 during the Southern Great Plain Mission 
(SGP97) [1] [2].  

C. Bayesian Model 
Bayesian model is a statistically based inversion method 

[8]. Results were based on probabilities that a given set of 
measurements comes from certain surface parameter values. 
The probability density functions (pdfs) are estimated by 
training, where samples of sensor and surface measurements 
are presented in the algorithm [5]. The result turns 
probabilities that can be estimated from a training set into 
those that are required for the estimation of the unknown 
surface parameters [13]. The model relies on limited surface 
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parameter conditions. It is optimal in minimizing expected 
errors, although large amount of experimental data is needed 
[5], [8], [13].  

For the training, input parameters such as SD for height, 
correlation length and dielectric constant were considered. 

Errors for the Bayesian method increase as the number of 
input increase [5], [8]. Results of studies indicate lowest 
values of soil moisture with RMSE of 4.2% based on the study 
performed by Notarnicola et al. [5]. Notarnicola et al. [5] took 
experimental data sets acquired by the University of Bern’s 
truck-mounted radiometer---scatterometer that operates with the 
following frequencies: 2.5, 3.1, 4.6, 7.2, 10.2, and 11 GHz 
over the incidence angle range of 10◦---70◦ [22]. 

D. Multiple Regression Model 
The multiple regression model is used to generate the 

multivariable model [9]. Basic procedures in multiple 
regression analysis involve (A) identifying an initial model, 
(B) iteratively altering the initial model by adding or dropping 
an independent variable in agreement with the "significant test 
criteria", and (C) terminating the search when stepping is no 
longer possible given the significant test criteria, or when a 
specified maximum number of steps have been reached [1]. 
Combinations of input in the study conducted by Lakhankar et 
al. [1] and Njoku et al. [3] consist of backscatter, soil 
characteristics, and Normalized Difference Vegetation Index 
(NDVI) [1], [3].  

Based on the comparison of the soil moisture output, the 
analysis showed that areas with low NDVI values have lower 
RMSE than areas with higher NDVI [1], [3]. It may not be 
suitable for the feature estimation applies to the data acquired 
on other sites [11], [12]. Results indicate values of soil 
moisture with lowest RMSE of 4.2% based on the study 
conducted by Lakhankar et al. [1] with the study area located 
at Oklahoma, USA (97°35’W, 36°15’N). This area was 
selected based on the availability of soil moisture 
measurements collected in 1997 during the Southern Great 
Plain Mission (SGP97) [1] [2]. 

E. Support Vector Machine (SVM) Model 
SVM represents a learning paradigm where prediction 

error and model complexity are simultaneously minimized. 
The structure of the SVM model is not fixed in advance with a 
specific number of adjustable parameters, but can adapt with 
the data.  SVMs have 3 distinct characteristics when applied to 
estimate the regression function: (1) SVMs estimate the 
regression using a set of linear functions that are defined in a 
high dimensional space, (2) SVMs carry out the regression 
estimation by risk minimization, (3) SVMs use a risk function 
consisting of the empirical error and a regularization term 
which is derived from the structure risk minimization principle 
[10]. SVM algorithm has a remarkable prediction capacity and 
it performed better than polynomial and rational 
approximations, local polynomial techniques, radial basis 
functions, and feed-forward artificial neural networks when 
applied on a database of chaotic time series [19].  

The study for this model showed diverse result in RMSE 
values, ranging from 3.65% [20] to more than 5% [10]. Some 
papers reviewed showed error greater than 5% [10]; however 
the lowest RMSE value was achieved at the value of 3.65%, as 
studied by Khalil et al. [20]. The plausibility of this model is 
evaluated using the data from Soil Climate Analysis Network 
(SCAN). The Soil Climate Analysis Network (SCAN) was 
created by the US Department of Agriculture with a purpose 
to provide soil and climate data bank. There are more than 90 
SCAN stations all over the US, at which daily and hourly 
measurements for meteorological and soil moisture data are 
measured using various sensors and instruments. The data in 
this study is taken from the SCAN site located at the Little 
Washita River Experimental Watershed (LWREW) in 
Southwestern Oklahoma in the Southern Great Plains region 
of the United States [1]. The SVM model in this study are 
trained to predict soil moisture at time step ‘t+5’ (t is in days), 
taking into account parameters such as soil moisture and 
meteorological data (relative humidity, average solar 
radiation, soil temperature at 5 cm and 10 cm, air temperature, 
and wind speed) at time steps 't-l' and 't'. The output is the soil 
moisture value at 't+5'. 

IV. RESULT OF STUDY 
The expected soil moisture accuracy is indicated by RMSE 

at the value of 4%. Higher values indicate lower level of 
accuracy, whereas lower values indicate higher level of 
accuracy in identifying soil moisture condition. 

DDM Advantages Disadvantages RMSE 
Neural 
networks 

Able to identify subtle 
and nonlinear patterns. 
Performance is not 
affected significantly by 
the variation of the 
architecture 
configuration. Able to 
take a specific set of 
input data and generalize 
a solution set. 

Retrieval of soil 
moisture in highly 
vegetated areas was 
less accurate than bare 
soil areas. More inputs 
result in high variation 
in accuracy for 
successive runs due to 
more variations. 
 

3.4% 

 

Fuzzy-rule 
based 
system 

Estimation of soil 
moisture is more 
balanced (low variation 
in accuracy). Prediction 
is stable in nature. 

Performance depends 
significantly on the 
cluster radius 
selection. Retrieval of 
soil moisture in highly 
vegetated areas was 
less accurate than bare 
soil areas 
 

4.82% 

Bayesian 
model 

Optimal in minimizing 
expected errors, although 
large amount of 
experimental data is 
needed. 

Errors increase as the 
number of inputs 
increase. 

4.2% 

Multiple 
regression 
model 

Prediction is more 
accurate in areas with 
low NDVI values than 
areas with higher NDVI. 

Performance depends 
significantly on NDVI. 

4.2% 

Support 
vector 
machine 

Represents a learning 
paradigm where 
prediction error and 
model complexity are 
simultaneously 

Diverse results 
gathered from studies. 

3.65% 

- 

5% 
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minimized. The model 
structure is not fixed in 
advance with a specific 
number of adjustable 
parameters, but can 
adapt with the data. 

Table 1. Result of study 

In identifying soil moisture retrieval using microwave 
remote sensing data by taking account the RMSE, the result of 
the study identified the lowest level of RMSE achieved by the 
Neural Network model. Although results vary as more input 
were gathered and examined, the model was capable of 
showing the lowest level of RMSE as compared with other 
models. The expected soil moisture accuracy of 4% was 
achieved with the result of study indicating lowest RMSE at 
the value of 3.4%. However, study also showed higher RMSE 
values when different input parameters were used and 
analyzed. Inconsistency might depend on the input parameters, 
when the same model is concerned.  

The Support Vector Machine (SVM) showed high 
potential in identifying the soil moisture values. The model 
was capable of indicating soil moisture accuracy of 4% at 
some points. Although as more input values were gathered, 
processed and examined; the more varied the output values 
turned out to be. The RMSE value ensued by the model range 
in between 3.65% to 5%. 

The Bayesian and Multiple Regression models showed 
average performance at 4.2% RMSE value, whereas the 
Fuzzy-Rule Based model showed the highest RMSE value of 
4.82%, which indicates highest difference in accuracy. 

Additional note on the study showed that soil moisture 
retrievals from highly vegetated areas are less accurate than 
that from bare soil areas. 

All of the DDM models tested and analyzed in this study 
used different data set. The use of the same data set over 
different range of DDM models has yet to be studied. There 
has not been any research studying the optimal soil moisture 
retrieval model. The effects of active and passive or 
assimilation of these two types of microwave data on different 
DDM models were also yet to be explored. Therefore, a 
proceeding study would look into a repository of data widely 
used in soil moisture retrieval and processing it using different 
DDM models. At the end of the proceeding study, an optimal 
DDM model will be developed for soil moisture retrieval 
using microwave data, focusing on either one or assimilation 
of both of the types of microwave data using the same data set. 

V. CONCLUSION 
Data Driven Modeling (DDM) which encompasses 

computational intelligence in measuring soil moisture using 
microwave remote sensing has been accurate in identifying 
soil moisture values. DDM is based on analyzing the data 
about the system, in particular finding connections between 
the system variables (input, internal and output variables) 
without explicit knowledge of the physical behavior of the 
system. In this paper, various DDM methods for soil moisture 
retrieval were identified, explored, compared and evaluated.  

The study in this paper evaluates Neural Network Model, 
Fuzzy-Rule Model, Bayesian Model, Multiple Regression 
Model, and Support Vector Machines (SVM). The result of 
the study identifies the strengths and weaknesses of different 
DDM techniques for soil moisture retrieval based on the 
RMSE value obtained from the models examined. 

Based on the result of study shown in Table 1, in 
identifying the soil moisture condition using microwave 
remote sensing data by taking account the RMSE, the Neural 
Network model shows the best result in identifying soil 
moisture accuracy. The Support Vector Machine (SVM) 
model shows high potential, although results vary as more 
input values were gathered. The Bayesian and Multiple 
Regression models showed average performance, whereas the 
Fuzzy-Rule Based model showed the highest RMSE value, 
which indicates highest difference in accuracy. Additionally, 
the study showed that soil moisture retrievals from highly 
vegetated areas are less accurate than that from bare soil areas. 

 

Acknowledgment 
This project is registered under Exploratory Research 

Grant Scheme (ERGS) of Ministry of Higher Education 
(MOHE)  Malaysia with the project no. 
ERGS/STWN06(01)/1016/2013(13). 

 

References 
[1] Tarendra Lakhankar, Hosni Ghedira, Marouane Temimi, Manajit 

Sengupta, Reza Hanbilvardi, and Reginald Blake, “Non-parametric 
Methods for Soil Moisture Retrieval from Satellite Remote Sensing 
Data”, International Journal of Systems Applications, engineering and     
Development Issus 4, Volume 2, 2008.  

[2] Tarendra Lakhankar, Hosni Ghedira, and Reza Khanbilvardi, “Soil 
Moisture Retrieval from Radarsat Data: A Neuro-Fuzzy Approach”, 
NOAA-CREST, City University of New York, New York, NY 10031, 
2006. 

[3] Eni G. Njoku, Fellow, IEEE, Thomas J, Jackson, Fellow, IEEE, 
Venkataraman Lakshmi, Senior     Member, IEEE, Tsz K. Chan., 
Member, IEEE, and Son V. Nghiem, Senior Member, IEEE, “Soil 
Moisture Retrieval From AMSR-E”, IEEE Transactions on GeoScience 
and Remote Sensing, Vol. 41, No. 2, February 2003. 

[4] Claire Gruhier, Patricia de Rosnay, Stefan Hasenauer, Thomas Holmes, 
Richard de Jeu, Yann Kerr, Eric Mougin, Eni Njoku, Frank Timouk, 
Wolfgang Wagner, and Mehrez Zribi, “Soil moisture active and passive 
microwave products: intercomparison and evaluation over a Sahelian 
site”, Hydrol. Earth Syst. Sci., 18 December 2009. 

[5] Claudia Notarnicola, Mariella Angiulli, and Franzesco Posa, Member, 
IEEE, “Soil Moisture Retrieval From Remotely Sensed Data: Neural 
Network Approach Versus Bayesian Method”, IEEE Transactions on 
GeoScience and Remote Sensing, Vol. 46, No. 2, February 2008. 

[6] Dara Entekhabi, Eni G. Njoku, Peggy E. O’Neill, Kent H. Kellogg, 
Wade T. Crow, Wendy N. Edelstein, Jared K. Entin, Shawn D. 
Goodman, Thomas J. Jackson, Joel Johnson, John Kimball, Jeffrey R. 
Piepmeier, Randal D. Koster, Neil Martin, Kyle C. McDonald, Mahta 
Moghaddam, Susan Moran, Rolf Reichle, J. C. Shi, Michael W. 
Spencer, Samuel W. Thurman, Leung Tsang, and Jakob Van Zyl, “Soil 
Moisture Active Passive (SMAP) Mission”, Proceedings of the IEEE, 
Vol. 98, No. 5, May 2010. 

[7] A. Al-Yaari, J. -P. Wigneron, A. Ducharne, Y.H. Kerr, W. Wagner, G. 
De Lannoy, R. Reichle, A. Al Bitar, W. Dorigo, P. Richaume, A. 
Mialon, “Global-scale comparison of passive (SMOS) and active 
(ASCAT) satellite based microwave soil moisture retriavals with soil 

Authorized licensed use limited to: UNIVERSITY MALAYSIA SARAWAK. Downloaded on January 12,2024 at 01:19:51 UTC from IEEE Xplore.  Restrictions apply. 



moisture simulations (MERRA-Land)”, Remote Sensing of Environment 
152 (2014) 614-626. 

[8] J.-P. Wignerona, J.-C. Calvetb, T. Pellarinb, A.A. Van de Griendc, M. 
Bergerd, P. Ferrazzolie, “Retrieving near-surface soil moisture from 
microwave radiometric observations: current status and future plans”, 
Remote Sensing of Environment 85 (2003) 489–506. 

[9] Thomas R. H. Holmes, Wade T. Crow, M. Tugrul Yilmaz, Thomas J. 
Jackson, and Jeffrey B. Basara, “Enhancing model-based land surface 
temperature estimates using multiplatform microwave observations”, 
Journal if Geophysical Research: Atmospheres, Vol. 118, 577-    591, 
doi:10.1002/jgrd.50113, 2013. 

[10] Hongbin Liu & Deti Xie & Wei Wu, “Soil water content forecasting by 
ANN and SVM hybrid architecture”, Springer Science + Business 
Media B.V. 2007. 

[11] L. Prevot, M. Dechambre, et al., “Estimating the characteristics of 
vegetation canopies with airborne radar measurements,” Int. J. Remote 
Sens., pp. 2803-2818, vol 14, no. 15, 1993. 

[12] D. S. Lin, E. F. Wood, K. Bevan, and S. Saatchi, “Soil moisture 
estimation over grass-covered areas using AIRSAR,” Int. J. Remote 
Sens., pp. 2323-2343, vol 15, no. 11, 1994. 

[13] J. A. Marchant and C. M. Onyango, “Comparison of a Bayesian 
classifier with a multilayer feed-forward neural network using the 
example of plant/weed/soil discrimination,” Comput. Electron. Agric., 
vol. 39, no. 1, pp. 3-22, Apr. 2003. 

[14] F. T. Ulaby, R. K. Moore, and A. K. Fung, “Microwave Remote 
Sensing: Active and Passive”, vol. II., Norwood, MA: Artech House, 
1986. 

[15] S. L. Chiu., “An Effective Method for Extracting Fuzzy Classification 
Rules from High     Dimensional Data”, Hournal of Advanced 
Computational Intelligence, vol. 1, pp. 1-7, 1997. 

[16] M. T. Hayajneh and S. M. Radaideh, “Modeling Surface Finish in End 
Milling Using Fuzzy Subtractive Clustering-Based System Identification 

Method”, Materials and Manufacturing     Processes, vol. 18, pp. 653-
665, 2003. 

[17] I. Nedeljkovic, “Image classification based on fuzzy logic”, in The 
International Archives of the Photogrammetry, Remote Sensing and 
Spatial Information Sciences”, 2004, pp. 74-79. 

[18] Salman Nazari-Shirkouhi, Abbas Keramati, Kamran Rezaie, 
“Improvement of customers’ satisfaction with new product design using 
an adaptive neuro-fuzzy inference systems     approach”, Neural Comput 
& Applic, 2013. 

[19] Mukherjee, S., E. Osuma, and F. Girosi, “Nonlinear prediction of 
chaotic time series using support vector machines”, Proceedings of IEEE 
Workshops on Neural Network for Signal     Processing, Amelia Island, 
FL, 1997. 

[20] Abedalrazq Khalil, M. Kashif Gill, Mac McKee, “New applications for 
Information Fusion and Soil Moisture Forecasting”, 7th International 
Conference on Information Fusion (FUSION), 2005. 

[21] F. Ulaby, R. Moore, and, A. Fung, “Microwave Remote Sensing, Active 
and Passive, vol. 3. From Theory to Applications”, Artech House, 
Norwood, MA, 1986. 

[22] U. Wegmueller, C. Maeztler, R. Hueppi, and E. Schanda, “Active and 
passive microwave signature catalog on bare soil (2–12 GHz),” IEEE 
Trans. Geosci. Remote Sens., vol. 32, no. 3, pp. 698–702, May 1994. 

[23] J. Cihlar, M. C. Dobson, T. Schmugge, P. Hoogeboom, A. R. P. Janse, 
F. Baret, G. Guyot, T. L. Toan, and P. Pampaloni, “Procedures for the 
description of agricultural crops and soils in optical and microwave 
remote sensing studies,” Int. J. Remote Sens., vol. 8, no. 3, pp. 427–439, 
1987. 

[24] Soo-See Chai, Jeffrey P. Walker, Oleg Makarynskyy, Michael Kuhn, 
Bert Veenendaal and Geoff West, “Use of Soil Moisture Variability in 
Artificial Neural Network Retrieval of Soil Moisture”, Remote Sensing 
2010, 2, 166-190; doi:10.3390/rs2010166. 

 
 

Authorized licensed use limited to: UNIVERSITY MALAYSIA SARAWAK. Downloaded on January 12,2024 at 01:19:51 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


