ISSN: 2454-4248
337 -341

International Journal on Future Revolution in Computer Science & Communication Engineering
Volume: 4 Issue: 2

Hyper spectral Analysis of Soil Iron Oxide using PLSR Method: A Review
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Abstract— Spectroscopy is a rapid, simple, non-destructive and analytical technique, which provides a good alternative that may be used to
replace conventional methods of soil analysis. Soil iron oxides occur in almost all type’s soils and they reflect different environmental conditions
by the high variability of their mineralogy and concentration. Soil iron oxide, being an important pedogenic indicator of the soil, measurement of
Iron Oxide content can be used as an index of soil fertility. Analytical Spectral Device (ASD) Field Spec 4 Spectroradiometer is used which has
350-2500 nm spectral wavelength range to estimate iron oxide content from the soil sample. The Vis-NIR reflectance spectroscopy requires less
effort and it is quick innovation to predict the soil iron oxide content. For collecting the soil iron oxide content from spectral data we are utilizing
PLSR which is statistical regression method. This paper states the work that is done on different soil types at different places to observe the iron

oxide content in soil.

Keywords- Iron Oxide, Reflectance Spectroscopy, ASD field spec 4, Vis-NIR, PLSR.

*kkkk

. INTRODUCTION

Soils are major elements of land surface ecosystems.
Representing these ecosystems and monitoring their changes
requires a proper knowledge of the soil development [1]. Soil
contains minerals, organic matter, uncountable quantities of
organisms and also varying amounts of air and water which
gives support to the life [2]. Generally soil fertility is assessed
by soil properties such as its contents. Assessment of soil
fertility is currently turning into a routine work for soil
management and crop production. However, laboratory-
analysis based identification of soil properties is time
consuming, which is not appropriate for precision agriculture.
Here, Reflectance spectroscopy shows up as an option and
quick strategy to quantify soil fertility. Iron oxides occur in
almost all types of soils and they reflect distinctive natural
conditions by the high fluctuation of their mineralogy and
concentration [3]. The analysis of iron oxide is of great
pedological interest because the iron oxide content in soil
reflects the duration and intensity of pedogenesis [4]. Thus this
global presence of iron oxides in soils makes them an
appropriate pedogenic indicator [5].

Iron oxides form mainly as weathering products of rocks
with iron-containing mineralogy, for example, silicates,
carbonates, and clays. They present as coatings on other soil
particles and act as cementing agents between soil contents.
Color is one of the main attribute of soil and iron oxide is one

of the main pigmenting agent in soil. Soil colors have been
utilized as a part of different studies to survey the iron oxide
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mineralogy and substance to depict soil advancement and
segregate between soils [6]. Spectroscopy in the visible and
near-infrared ranges allows rapid acquisition of soil
information based on the soil properties [7]. For the
analyzation of soil properties, spectral reflectance
measurement is a timesaving and non-destructive alternative to
traditional methods. It allows a reasonable estimation and is
particularly helpful, when large numbers of samples and
analyses are required [8].

Reflectance spectroscopy allows soil chemical properties to
be determined based on their absorption characteristics. Iron
oxide produces wide diagnostic absorption bands in the
Visible-Near-infrared region. It is such a promising approach,
that it uses diagnostic absorption bands in the reflectance
spectrum. These wavelength-dependent properties generate a
unique spectral reflectance signature from which materials can
be identified and distinguished [9].

Mainly, Reflectance spectroscopy provides the potential to
assess various physical, chemical, and biological soil
properties and therefore be used as a more efficient technique
to determine soil information when rapid, timely analyses are
required.

Il.  SPECTRAL PROPERTIES OF SOIL

Nearly all absorption features in the Visible, NIR and SWIR
are overtone or combination bands in the infrared region of the
electromagnetic spectrum [10].

Generally properties of soil are distributed in the following
way in the VIS -NIR — SWIR region of electromagnetic
spectrum:
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1. VIS range (400-700 nm) provides a measure of soil color.
2. Broad and shallow absorption bands occur near 500-700 nm
are due to oxihydroxides, hydroxides.
3. Narrow and well defined absorptions near 1400 and 1900
nm are related to hydroxyl and water molecules.
4. Absorption features which are beyond 2000 nm are due to
clay minerals, organic constituents, carbonates and a wide
range of salt minerals.

Different absorptions also occur due to soil
constituents throughout the 350-2500 nm range, yet they are
hard to determine as they represent weaker tones of soil.

Following is the general spectral signature for iron oxide:
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Figure 1. Spectral signature of iron oxide

The wavelengths at which major absorptions because of
hematite and goethite occur are close to 880 nm and 920 nm,
respectively [11]. However, in some spectra, the presence of
iron oxide is difficult to find if iron oxide is present in small
amounts or if its absorption is masked by any other content.

I1l.  RELATED WORK

For many years soil analysis has been used as an aid to
assessing fertility and quality of soil for plant nutrient
management. Achieving and maintaining appropriate levels of
soil fertility, especially plant nutrient availability, is of
paramount importance if agricultural land is to remain capable
of sustaining crop production at an acceptable level. Soil
sampling and analysis are equally important steps in managing
the nutrients required by plants.

N. Richter etal., presented a model approach for
determining iron oxide in red Mediterranean soils based on the
Fe-NIR absorption band and evaluated the spectral influence
of variable soil textures on the soil reflectance and Fe-related
absorption bands. They showed that the iron oxide absorption
bands of clay-dominated soil samples were, in general, deeper
than sand dominated samples with comparable iron oxide
content. They have evaluated both sample models with low
prediction error (sand: R2v = 0.87, RMSEv= 2.72; clay-silt:
R2v = 0.70; RMSEv = 4.13).

Binny Gopal, Amba Shetty et.al., found that reflectance
spectroscopy provides a good alternative that may be used to
replace conventional methods of soil analysis. They
demonstrated that visible spectroscopy coupled with PLSR can
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predict topsoil iron oxide with a moderate level of accuracy
[12].

Changkun Wang et. al., investigated the potential of visible
and near-infrared (Vis-NIR) reflectance spectroscopy for
determining Rare Earth elements (REE) in soil. They used
Field Spec 4 Hi-Res spectrometer to record soil spectra. Also
they used Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS) and emission spectrometry (ICP-ES) for the
determination of REE. PLSR was used to calibrate the soil
spectra and reference values of REE measured by ICP-MS.
The result shows that Vis-NIR reflectance spectroscopy
provides a feasible method for the simple and rapid
determination of REE in soil [13].

Livia Arantes Camargo et.al, demonstrated the importance
of diffuse reflectance spectroscopy in estimating clay, iron
oxide and adsorbed phosphate contents using a large number
of samples. Reflectance values were recorded on a
PerkinElmer Lambda950 spectrophotometer equipped within
the Visible (VIS) and Near Infrared (NIR) range. They used
Partial Least Square Regression (PLSR) within VIS and VIS +
NIR ranges. They showed that clay content have higher values
of cross-validation parameters within the VIS (with R2 = 0.80,
RMSE = 6.89) and also Hm and Gt have slightly higher values
of cross validation parameters within the VIS. They got largest
value of the cross-validation R2 for absorbed phosphate within
the VIS+NIR range as 0.80 with a RMSE of 46.4mg kg—1.
They evaluated the importance of diffuse reflectance
spectroscopy in estimating clay, iron oxide and absorbed
phosphate. [14].

R. A. Viscarra Rossel et.al., have shown that a VIS-NIR
diffuse reflectance spectra can be used to estimate the relative
abundance of hematite and goethite in Australian surface soils
and derived a Normalized Iron Oxide Difference Index
(NIODI) to better discriminate between them. They also
derived soil RGB color from the spectra and mapped its
distribution and uncertainty across the country using
sequential Gaussian simulations. They measured the diffuse
reflectance spectra of the soil samples using the Lab spec®
VIS-NIR spectrometer with a spectral range of 350-2500 nm.
Then spectra were analyzed using principal component
analysis (PCA) method [15].

Gladimir V. G. Baranoski et.al., investigated the effects of
sand-grain  morphology on the visible and near-infrared
reflectance of sand soils with different mineralogical
characteristics. This investigation was performed using a
predictive simulation framework supported by sand
characterization data provided in the scientific literature.
Using this framework, they performed controlled in silico
experiments in which they assessed the interplay between key
morphological properties (size, roundness, and sphericity) and
mineralogical characteristics (iron-oxide content and particle
type distribution) with respect to the spectral signature of sand
soils. They found that the influence of grain morphology may
vary considerably depending on the distribution patterns of
iron oxides present in sand-textured soils [16].

T. J. Cudahy, E. R. Ramanaidou et.al., found that field
spectral method is accurate for measuring the hematite-
goethite ratio compared with the laboratory-based methods.
They demonstrated that the hematite-goethite ratio of ooidal
iron deposits can be measured in the field using VNIR
spectrometry [17].
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Joanna E. Bullard, Kevin White et. al., studied a rapid
technique for quantifying ‘‘redness’” in the field using visible
reflectance spectrometry. They demonstrated the relationship
between increasing redness and increasing concentrations of
iron oxide in the sediments is strong and positive. The result
shows that simple field spectral measurements are able to
provide reliable estimates of iron oxide concentrations and
redness, therefore negating the need for more detailed
controlled laboratory measurements [18].

Angelica Santos et. al., have evaluated what are the
procedures to estimate of iron oxides in soil more accurate,
fast and economical for the mapping of large areas, with
potential use in pedometrics. They have compared the
traditional technique (x-ray diffraction) with indirect method
(diffuse reflectance spectroscopy). They found that DRS in the
visible and near infrared (Vis-NIR) is a good alternative to
laboratory analysis of physical, chemical and mineralogical
attributes [19].

Renato Eleoterio de Aquino et. al., showed that the color as
measured by diffuse reflectance spectroscopy proved efficient
to indicate variations between the Archeological Dark Earth,
proving to be an innovative technique, efficient and promising
for indirect quantification of soil attributes in a simple manner.
Also they found that iron oxides are sensitive indicators of
pedoenvironmental and pedogenic processes of Archeological
Dark Earth. According to authors, Hematite and goethite
minerals determined by x-ray diffraction and diffuse
reflectance spectroscopy, besides not presenting significant
variations between the soils, have similar characteristics to
non-anthropogenic Brazilian soils. They used PCA method to
evaluate the interaction of physical, chemical and
mineralogical attributes [20].

V.M. Sellitto et.al., compared two different spectroscopic
techniques for the characterization of soil iron oxides, diffuse
and bi-directional reflectance. The result shows that soil
spectra, either from Bi-Directional Reflectance (BDRS) and
Diffuse Reflectance spectroscopy (DRS), enable the detection
of small amount of hematite and goethite across the VIS-NIR
region that provides information regarding the iron oxide
minerals content. In this, Diffuse Reflectance (DR) spectra
were recorded from 380 to 900 nm using a Varian CarylE
spectrophotometer and  Bi-directional reflectance was
measured in the laboratory under artificial light, using an ASD
Field Spec Pro 350-2500 nm spectroradiometer. Their goal
was to compare the reflectance measurements on air dry soil
obtained by both a spectrophotometer and spectroradiometer
under laboratory conditions [21].

Eileen Eckmeier, Renate Gerlach et.al., states that VIS
spectra can be used as an analytical tool. They used spectral
information to build predictive models from the measured VIS
spectra of sample sets with known properties (laboratory
analysis) based on Partial Least Squares Regression
(PLSR).The result shows that the presence of charcoal highly
correlated with the lightness of soils, while in the samples with
lower concentrations of organic matter and high contents of
CaCOg3, the presence of iron oxides and carbonates mediated
soil colors [22].

Monika Hanesch et.al., studied Raman spectroscopy of
synthetic and natural iron (oxy) hydroxides and iron oxides to
test its potential in environmental magnetic studies and soil
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science. Their main aim was to distinguish between the
different iron oxides occurring in soils [23].

Shengxiang Xu et al, demonstrates the importance of a
practical subsetting strategy for the continued improvement of
Soil Organic Matter prediction with Vis—NIR spectroscopy.
They used Field spec 4 spectroradiometer to record diffuse
reflectance spectra in the Vis—NIR (350-2500 nm) range. Also
they used PLSR method to correlate the spectral data with
laboratory SOM measurements [24].

Ashwini Dilip Padmanabhi, Dr. R. R. Deshmukh et.al.,
have done research on Vis-NIR reflectance spectroscopy to
calculate soil Nitrogen content. They used Analytical Spectral
Device (ASD) Field Spec 4 Spectroradiometer which has 350-
2500 nm spectral wavelength to identify total nitrogen content
from the different soil sample. They utilized Partial Least
Square Regression (PLSR) technique for feature extraction of
soil spectral signature [25].

Dnyaneshwar D. Karale, Dr. Ratnadeep R. Deshmukh et.al.,
treated visible and near Infrared (Vis-NIR) reflectance
spectroscopy as a strategy with fast and minimal effort to
determine Soil Organic Carbon (SOC) content. The research
indicates that the importance of a practical strategy for the
improvement of Soil Organic Carbon (SOC) prediction with
Vis—NIR spectroscopy. They used PLSR regression model to
estimate the carbon content in the soil [26].

Richard J. Murphy et.al., studied that determination of
wavelength position of absorption features in the VNIR (400-
1200 nm) from hyper spectral imagery is more challenging
than that for data acquired using non-imaging instruments. The
conclusion of this study is that the wavelength position of
features in the VNIR should be determined from imagery
using a polynomial (or equivalent) fit to the data and not from
the original data themselves [27].

Snehal N. Kulkarni, Dr. Ratnadeep R. Deshmukh et.al.,
have evaluated Carbon, Nitrogen, Phosphor and Water
Contents from Agricultural Soil by Reflectance Spectroscopy
using ASD Field spec Spectroradiometer. The objective of
their paper was to know the suitability and sustainability of
soil, to make soil fertilizer for improving the soil quality. The
soil spectral signatures were taken by ASD spectroradiometer
and they compare those for different soil samples. They have
discovered carbon, nitrogen, phosphor and water contents of
soil and they also compared different soil samples of
Aurangabad district using Principle Component Analysis
(PCA) [28].

Marco nocita et. al., have done research on soil
spectroscopy as a tool to survey organic carbon, iron oxides,
and clay content in the subtropical thicket biome. They present
a project dealing with organic carbon, iron oxides, and clay
content assessment, in the degraded thicket biome, through the
combination of soil spectroscopy and Partial Least Square
Regression (PLSR) techniques. The soil samples have been
chemically and spectrally analyzed. The study models the
relationships between soil spectral reflectance’s, measured in
situ and in the laboratory, and the soil parameters taken in
consideration. They have been analyzed topsoil samples with
and without stones, in order to determine the influence of the
stone Layer on the soil spectral reflectance, as assessed with
the field spectrometer, while the 0-20cm soil samples have
been analyzed without stones. The result shows that soil
stoniness is an important variables to consider for the soil
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properties prediction models creation. They developed PLSR
model with laboratory and field spectra offered very good
results for the prediction of SOC (calibration and validation
r2> 0.7, rmsev<0.6), and mediocre results for the iron oxide
prediction (rmsev always >0.55).The clay content prediction
models production is at a preliminary stage [29].

IVV. FIELD SPEC SPECTRORADIOMETER

The measurement of spectral reflectance in the laboratory
using FieldSpec spectroradiometer allows us to study on
specific influences on the reflectance under controlled
conditions. FieldSpec spectroradiometer is used to identify soil
properties and its contents for proper soil management [30].

The instrument has following specifications:
1. Spectral Range- 350to 2500nm
2. Rsolution-3nm (at 700nm) to 10nm (at 1400 and 2100nm)
3. Bandwidth (Spectral sampling)-1.4nm @350-1000nm and
2nm @ 1000-2500nm
4. Bands-2151

For sample measurement using FieldSpec
spectroradiometer, it requires air-dried samples. Halogen light
source is used as an illumination. To collect incident light on
sample, fibre optic cable is used which has a 25° Field Of
View (FOV). By using RS3 software in laptop we can acquire
spectra of samples.
Following is the
spectroradiometer:

setting structure of the ASD

Halogen
tungsten
lamps

Laptop

Figure 2. Setting and the internal structure of the ASD spectroradiometer [31]

V. CONCLUSION

The above study shows that there are many different
methods to detect soil iron oxide using remote sensing and
GIS, so either by using reflectance spectroscopy or traditional
methods it is possible to detect iron oxide in soil. Among these
methods, Reflectance spectroscopy brings a good alternative
which may be used to alter traditional methods of soil analysis.
In spectroscopy the characterization of content is depend upon
the obtained reflectance. Hence spectroscopy is suitable
method to analyse the soil iron oxide content. Many of the
authors used different methods such as Principle Component
Analysis (PCA) and Partial Least Square Regression (PLSR)
to relate spectral reflectance with measured properties of
samples. But PLSR is considered as a robust technique which
deals with colinearity of predictor variables and accounts for
both the x and y variable to estimate soil property.
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So from the above study, we found that visible and Near-
infrared reflectance spectroscopy is a rapid and non-
destructive analytical technique which requires little sample
pre-treatment and has been successfully used to determine soil
properties.

ACKNOWLEDGMENT

The above study is supported by Department of Computer
Science and Information Technology under the funds for
Infrastructure under science and Technology (DST-FIST)
sanctioned to Department of CS and IT, Dr. BAMU,
Aurangabad, Maharashtra, India. Authors are thankful to the
department.

REFERENCES

[1] Birkeland, Peter W.,
University Press, 1984.

[21 Mrs. Chitra M. Gaikwad, Prof. Dr. S. N. Kakarwal,” Analysis of
Soil using Spectral Signatures”, IJERCSE, 2017.

[3] Richter, N., T. Jarmer, S. Chabrillat, C. Oyonarte, P. Hostert,
and H. Kaufmann. "Free iron oxide determination in
Mediterranean soils using diffuse reflectance spectroscopy", Soil
Science Society of America Journal 73, no. 1,72-81,2009.

[4]1 Arduino, E., E. Barberis, F. AjmoneMarsan, E. Zanini, and M.
Franchini. "Iron oxides and clay minerals within profiles as
indicators of soil age in northern Italy", Geoderma 37, no. 1,45-
55,1986.

[5] Cornell, R. M., & Schwertmann U.,”The Iron Oxides: Structure,
Properties, Reactions, Occurrence and Uses”,1996.

[6] Torrent, Jose, U. Schwertmann, H. Fechter, and F. Alferez.
"Quantitative relationships between soil color and hematite
content.” Soil Science 136, no. 6 (1983): 354-358.

[71 Zheng, Guanghui, and Shenglu Zhou. "Possibilities of
reflectance spectroscopy to predict soil arsenic”, In Information
Science and Engineering (ICISE), 2009 1st International
Conference on, pp. 4990-4992.,IEEE, 2009.

[8] Malley, D. F., P. D. Martin, and E. Ben-Dor. "Application in
analysis of soils”, Near-infrared spectroscopy in agriculture
nearinfraredspe, 729-784,2004.

[91 Ben-Dor E., J. R. Irons, and G. F. Epema, "Soil reflectante” ,
Manual of Remote Sensing: Remote Sensing for Earth Science;
Rencz, AN, Ryerson, RA, Eds,111-187,1999.

[10] Csorba, Adam, Kornél D. Szalay, and Laszlo Fenyvesi.
"Identification of soil classification units from VIS-NIR spectral
signatures”, In International Conference of Agricultural
Engineering, pp. 6-10, 2014.

[11] Sherman, D. M., & Waite, T. D., “Electronic spectra of Fe3+
oxides and oxide hydroxides in the near IR to near UV”,
American Mineralogist, 70(11-12), 1262-1269,1985

[12] Binny gopal, Amba shetty, “Evaluation of topsoil iron oxide
from visible spectroscopy”, International journal of research in
engineering and technology, December 2013.

[13] Wang, Changkun, Taolin Zhang, and Xianzhang Pan, "Potential
of visible and near-infrared reflectance spectroscopy for the
determination of rare earth elements in soil", Geoderma
306,120-126,2017

[14] Camargo, Livia Arantes, José Marques Janior, Vidal Barron,
Luis Reynaldo Ferracciu Alleoni, Ronny Sobreira Barbosa, and
Gener Tadeu Pereira, "Mapping of clay, iron oxide and adsorbed
phosphate in Oxisols using diffuse reflectance spectroscopy” ,
Geoderma 251,124-132,2015.

[15] Viscarra Rossel, R. A., E. N. Bui, P. De Caritat, and N. J.
McKenzie, "Mapping iron oxides and the color of Australian soil
using visible—near - infrared reflectance spectra”, Journal of
Geophysical Research: Earth Surface 115, no. F4 ,2010.

[16] Baranoski, Gladimir VG, Bradley W. Kimmel, T. Francis Chen,
and Erik Miranda.,"Influence of sand-grain morphology and
iron-oxide distribution patterns on the visible and near-infrared

340

“Soils and geomorphology” Oxford




International Journal on Future Revolution in Computer Science & Communication Engineering

Volume: 4 Issue: 2

ISSN: 2454-4248
337 -341

[17]

[18]

[19]

[20]

[21]

[22]

[23]

reflectance of sand-textured soils", IEEE Journal of Selected
Topics in Applied Earth Observations and Remote Sensing 7,
no. 9,3755-3763,2014.

Cudahy, T. J., and E. R. Ramanaidou, "Measurement of the
hematite: goethite ratio using field visible and near - infrared
reflectance spectrometry in channel iron deposits, Western
Australia”, Australian Journal of Earth Sciences 44.4, 411-
420,1997.

Bullard, Joanna E., and Kevin White, "Quantifying iron oxide
coatings on dune sands using spectrometric measurements: An
example from the Simpson - Strzelecki Desert, Australia",
Journal of Geophysical Research: Solid Earth 107.B6 ,2002.

de Souza Bahia, Angélica Santos Rabelo, José Marques Jr, and
Diego Silva Siqueira, "Procedures using diffuse reflectance
spectroscopy for estimating hematite and goethite in Oxisols of
S&o Paulo, Brazil", Geoderma Regional 5,150-156,2015.

de Aquino, Renato Eleoterio, José Marques Jr, Milton César
Costa Campos, Ivanildo Amorim de Oliveira, Angélica Santos
Rabelo de Souza Bahia, and Luis Antdnio Coutrim dos Santos,
"Characteristics of color and iron oxides of clay fraction in
Archeological Dark Earth in Apui region, southern Amazonas"
,Geoderma 262, 35-44,2016.

Sellitto, V. M., R. B. A. Fernandes, V. Barrén, and Cm
Colombo, "Comparing two different spectroscopic techniques
for the characterization of soil iron oxides: diffuse versus bi-
directional reflectance", Geoderma 149, no. 1-2, 2-9,2009.

Eckmeier, Eileen, and Renate Gerlach, "Characterization of
Archaeological Soils and Sediments Using VIS Spectroscopy",
eTopoi. Journal for Ancient Studies, 2012.

Hanesch Monika, "Raman spectroscopy of iron oxides and (oxy)
hydroxides at low laser power and possible applications in
environmental ~ magnetic  studies”,Geophysical ~ Journal
International 177.3, 941-948,2009.

IJFRCSCE | February 2018, Available @ http://www.ijfrcsce.org

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Xu, Shengxiang, Xuezheng Shi, Meiyan Wang, and Yongcun
Zhao, "Effects of subsetting by parent materials on prediction of
soil organic matter content in a hilly area using Vis-NIR
spectroscopy", PloS one 11, no. 3, 2016.

Padmanabhi, Miss Ashwini Dilip, Miss Saima Ansari, and R. R.
Deshmukh, "Hyperspectral analysis of soil total nitrogen using
asd filedspec 4", International Journal 8.7 ,2017.

Karale, Dnyaneshwar D., and Ratnadeep R. Deshmukh,
"Estimation of Soil Organic Carbon Content using Visible Near
Infrared Reflectance Spectroscopy: A Review", International
Journal 8.5, 2017.

Murphy, Richard J., Sven Schneider, and Sildomar T. Monteiro,
"Consistency of Measurements of Wavelength Position From
Hyperspectral Imagery: Use of the Ferric Iron Crystal Field
Absorption at $\sim $900 nm as an Indicator of Mineralogy",
IEEE Transactions on Geoscience and Remote Sensing 52.5,
2843-2857,2014.

Kulkarni, Snehal N., and Dr Ratnadeep R. Deshmukh,
"Monitoring Carbon, Nitrogen, Phosphor and Water Contents of
Agricultural Soil by Reflectance Spectroscopy using ASD
Fieldspec”, 1JSC. Published, 2016.

Nocita, M., Bachmann, M., Miller, A., Kooistra, L., Powell, M.,
& Weel, S., “Soil spectroscopy as a tool to assess organic
carbon, iron oxides, and clay content in the subtropical thicket
biome of Eastern Cape Province of South Africa”, 2009.

Bhise Pratibha R. and Sonali B. Kulkarni, "Review on Analysis
and Classification Techniques of Soil Study in Remote Sensing
and Geographic Information System", 1JETTCS,2017.
Garfagnoli, Francesca, Gianluca Martelloni, Andrea Ciampalini,
Luca Innocenti, and Sandro Moretti, "Two GUIs-based analysis
tool for spectroradiometer data pre-processing”, Earth Science
Informatics 6, no. 4, 227-240, 2013.

341




