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Abstract—Remote sensing technology has been proved to be 

highly useful for geological studies both in accessible and 

inaccessible terrains. Advancement in Image Processing has 

gained increasing attention in mineral mapping. The 

objective of this paper is to extend a brief overview of 

various techniques involved in data pre-processing and 

various classification algorithms. Data pre-processing is 

done prior to the image for image enhancement. Satellite 

based spectroscopes have proved to be an important tool in 

support of mineral exploration. Also we have discussed 

about various satellite images and their improved resolution. 

This aims in choosing an adaptable image for mineral 

mapping. It is proved that Landsat record has enhanced 

capabilities including new spectral bands in the blue and 

cirrus cloud-detection portion of the spectrum. With 

reference to the study some techniques are chosen to be 

optimized one for mineral mapping in Jharia region. Jharia 

region is considered to be the study area since more than 

40% of the total minerals of the country are available in this 

region. 

Key words: Support vector machine (SVM), Region of 

Interest (ROI), Landsat image 

I. INTRODUCTION 

Remote sensing has been used in various aspects of the 

Earth sciences, geography, archaeology and environmental 

sciences. The multispectral and hyperspectral satellites are 

designed to investigate natural resources which focus on 

vegetation coverage, mineral and lithological exploration. 

The investigation in distribution of mineral deposits has 

become a task engaged in by individuals and government at 

large.  The multispectral satellite systems are designed to 

investigate natural resources which focus mainly on mineral 

exploration. Advances in Landsat sensors from ETM+ to 

OLI with two additional spectral bands and narrower band 

width is an advantage to applications requiring finer narrow 

bands in mineral exploration.  

 Landsat 8 an American Earth Observation satellite 

measures different ranges of frequencies along the 

electromagnetic spectrum – a color, although not necessarily 

a color visible to the human eye. Each range is called a 

band, and Landsat 8 has 11 bands. Landsat-7 on-orbit, 

providing increased coverage of the Earth’s surface. Landsat 

data have been used to map geology. Landsat 7 data were 

downloaded from USGS website page and preprocessed to 

reduce the effects of haze before subsetting and mosacing. 

 Preprocessing of satellite images prior to image 

classification and change detection is essential. 

Preprocessing commonly comprises a series of sequential 

operations, including atmospheric correction or 

normalization, image registration, geometric correction, and 

masking. Data pre-processing describes any type of 

processing performed on raw data to prepare it for another 

processing procedure. There are a number of different tools 

and methods used for pre-processing, transformation, which 

manipulates raw data to produce a single input; denoising, 

which removes noise from data; normalization, which 

organizes data for more efficient access; and feature 

extraction, which pulls out specified data that is significant 

in some particular context. 

 Ground truth value are obtained from the field 

survey with reference to the geosciences and mineral 

mapping is done by pixel classification algorithms. 

II. DATA ACQUISITION AND PREPROCESSING METHODS 

Data acquisition is the collection of satellite images for 

mineral mapping, vegetation coverage mapping geological 

location mapping. Preprocessing is an optimal atmospheric 

correction model to reduce the effect of haze before 

mapping. 

A. Landsat 8 Data Preprocessing:  

In Hydrothermal alteration mapping of south eastern Iran 

Landsat 8 data were used [1]. Landsat 8 an American Earth 

Observation satellite was launched on 4
th

 February 2013 

[12].It is a free flyer space craft carrying two sensors 

providing increased coverage of the earth’s surface. The 

data collected is preprocessed for the image enhancement. 

The Landsat-8 image of the target site was processed with 

Environment for Visualizing Images version 4.8 software 

[1]. Using reflection method Landsat-8 data  were converted 

to surface reflectance by the internal average relative which 

is recommended for calibration in mineralogical mapping, 

as it does not require prior knowledge of samples collected 

in the field [13]. During atmospheric correction, raw 

radiance data from an imaging spectrometer is re-scaled to 

reflectance data, and therefore all spectra are shifted to 

nearly the same albedo. The spectral result is compared 

directly with the laboratory or filed reflectance spectra. 

Bands like panchromatic and cirrus bands were not used in 

this study. TIR bands include Thermal atmospheric 

correction which was performed on with a normalized pixel 

regression method.  

B. SPOT5 Multispectral Data Acquisition and Pre-

Processing: 

The data of Honghe National Nature Reserve(HNNR)  

located in the North eastern Portion of Sanjiang Plain in 

Heilongjiang Province of China were preprocessed [2].Data 

Preprocessing include image mosaic,geometric correction, 

bands combination image fusion, creation of subsets of 

images of same sizes of the study area [13]. Data chosen 

included SPOT 5 multi-spectral image with a spatial 

resolution of 10m and airship image with a spatial resolution 

of O.13m [2]. Two images are subjected to pre-processing 

as follows: The airship image was produced by the manual 

mosaic of photos from the digital camera in the airship. The 

mosaic procedure achieved an accuracy of less than two 

pixels. The airship image was georeferenced by adopting a 

bi-linear interpolation method based on 22 ground truth 

points obtained on a fie ld survey, and the root mean square 
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error (RMSE)[5] for this process was less than one pixel., 

The multi-spectral image with color composites (bands 4, 1, 

and 2 allocated to red, green and blue, respectively) and the 

panchromatic image were geometrically registered on the 

georeferenced airship image by using a two-order 

polynomial method for the SPOT 5 image [2].  

C. WV2 Multispectral Data Processing:   

In Benthic Habitat and bathymetry mapping of shallow 

waters World View-2 images were used [3].The pre-

processing methods of WV-2 images include corrections of 

sun glitter using the atmospheric and water constituents 

retrieval algorithms. In addition radiometric intercalibration 

were done [13]. In geological mapping over the central 

Kenya Landsat 7 and Landsat 8 are compared [3] .In this 

mapping the images were processed by following certain 

techniques such as band rationing, RGB combinations, HIS 

transform of RGB combinations. Thus the techniques helps 

in producing the haze free image for further classification.  

D. MODIS Aqua Data and Pre-Processing:  

Aqua data for the eight-year period from Jan 2005 to 

December 2013 were downloaded from NASA Goddard 

Active Archive Centre [10]. The aqua data were processed 

in SeaDAS 6.4, using the default 2-band aerosol model with 

a near infra-red correction model. Pixels that were not 

masked by cloud or by proximity to the coastline were 

converted to subsurface reflectance. Thus to obtain high 

resolution visible bands. 

III. CLASSIFICATION METHODOLOGY AND ROI SELECTION: 

A. Classification of Benthic Habitats:  

The multispectral image after the atmospheric correction is 

subjected to SVM classification using supervised techniques 

for accuracy evaluation [3]. Data provided by Observatorio 

Ambiental Grandilla are trained and validated for 

classification [14]. Training classes and the region of 

interest are clearly defined and a detailed separability 

assessment were conducted using Jeffries-Matusita metric. 

Since the available bands are limited, separability values in 

general were low for majority of class pairs. This indicates 

the complexity to perform a precise classification.   

 The SVM is proved to be very effective in solving 

complex remote sensing classification problem based on the 

concept of margin maximization. The classification results 

in the selected area of the Granadilla image. Based on the 

result a high correlation can be appreciated between the 

benthic vegetation mapping derived from the satellite map 

and the corresponding CIMA bionomical map provided [3] 

 
Fig. 1: Workflow of Preprocessing of WV-2 image 

B. Support Vector Machines in Landslide Mapping:  

SVM is the new method that is based on the structural risk 

minimization principle. SVM performs nonlinear 

transformation of covariates into a high-dimensional feature 

space were constructed that contains a training part [4] using 

training data set values. The trained model acquired is 

utilised in testing the data set. The hyper plane is utilized to 

separate the data patterns, and the kernel is to transform raw 

nonlinear data patterns into a format that is linearly 

separable. A separating hyper plane is created in the original 

space of n coordinates (xi parameters in vector x) between 

the points of two different classes. SVM identifies the 

maximum margin of separation between classes and 

constructs a classification hyper plane in the centre of this 

margin. A point will be categorized as +1 if it is above the 

hyper plane; otherwise, it will be categorized as −1. Support 

vectors are the training points closest to the optimal 

hyperplane. The new data Classification can be performed 

after obtaining the decision surface. The kernel type allows 

the data points to spread in a manner where a linear 

hyperplane can be fitted. Therefore, the selection of kernel 

type has a significant influence over getting precise results 

and the success of the modelling. The most popular kernel 

types in literature are Gaussian kernels, which are PL and 

RBF. RBF can perform efficient interpolation. However, it 

has several drawbacks, such as long-range extrapolation. 

PL, compared with RBF, has better extrapolation abilities at 

low-order degrees but requires high order degrees for good 

interpolation. SIG performs similar to RBF for certain 

parameters. However, the efficiency of SIG in producing 

accurate results is less than that of RBF. LN is a specific 

case of RBF. LN is unnecessary when RBF is used. LN is 

appropriate for linear conditions; however, real-world 

problems are not linearly separable .As previously 

explained, various kernel types have different effects on the 

results. Therefore, the effects of each kernel on the 

performance of the proposed novel ensemble EBF and SVM 

method were assessed in this study. The choice of kernel 

type has a direct impact on the generalization capability of 

SVMs. Furthermore, the selection of the parameters has 

significant influence on the success of the model. In this 

regard, many methods, such as heuristic parameter selection, 

gradient descent algorithm, cross-validation, and 

Levenberg–Marquardt have been recommended. Cross 

validation is widely used in many studies to identify the 

optimum SVM parameters. Hence, cross-validation was 

utilized in the current research. The ranges of all parameters 

were defined with the step-size process. For each set of 

parameters, the dataset was split into n folds; one fold was 

retained for validation purposes, and the combination of the 

remaining n − 1 fold was employed as the training dataset 

.Cross-validation method was applied with SPSS 

Clementine V.14.2, and n validation accuracies were 

obtained. The average of these validation accuracies was 

utilized to perform the final and main landslide 

susceptibility mapping using each kernel type. The dataset 

was divided into five random groups, where every group 

had an equal number of samples. Starting with the ensemble 

EBF and RBF–SVM method, for the first iteration (model 

1), folds 2, 3, 4, and 5 were utilized for training, and fold 1 

was employed for validation. The same process was applied 

to the other four models. Finally, the area under the curve 
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(AUC) was utilized to evaluate the performance of every 

combination and determines the optimum SVM parameters. 

This procedure was performed to model the other three 

kernel types (SIG-SVM, LN-SVM, and PL-SVM). Table II 

presents the detailed cross-validation for each ensemble 

method. Given that the purpose of the current research is to 

introduce an ensemble EBF and SVM method to be used 

instead of individual SVM analysis, stand-alone SVM 

should be performed and its results should be used in the 

comparison. RBF was used in the individual SVM 

modelling because it is the most popular SVM kernel type. 

C. ASTER Data Analysis and MTMF Mapping:  

The acquired image is subjected to cross in order to remove 

the effects of energy overspill from band4 into bands5 [6]. 

MTMF is one of the partial subpixel unmixing hybrid 

method based on the combination of well-known signal 

processing methodologies and linear mixture theory. The 

MF image obtained from applying MTMF algorithm to the 

image provides a means of estimating relative degree of 

match to the reference spectrum and the approximate 

subpixel abundance with value [6]. The next step include 

analysis in which the Subpixel analysis of ASTER VNIR-

SWIR data were done. . The analysis yields semi-

quantification of altered minerals. In order to get satisfactory 

results and select pixels that matched well with the reference 

end members, the MF scores and infeasibility bands were 

used to create a 2-dimensional scatter plot. To produce a 

mineral classification map and the mineral fractions at each 

pixel, pixels of low infeasibility and MF scores higher than 

0.35 were highlighted and subdivided into three groups they 

are 0.35–0.50, 0.50–0.75, and 0.7–1. These values specified 

indicates the percentages of each mineral at pixel; for 

instance, the value of 0.25 showed that 25% of pixel 

contained the selected mineral. Regions of interest (ROI) 

matched to these pixels were defined, assigned a unique 

color were overlaid as an ASTER gray scale image 

[6].Selecting ROI is mainly for application area and here 

A region of interest, is a selected subset of samples within a 

dataset identified for a particular purpose mainly of 

application purpose [13]. ASTER SWIR and Hyperion data,  

spectral unmixing methods were utilized to map minerals 

characteristics [11].The discriminated areas successfully 

corresponded to the alteration zones around the mineral 

occurrences and mined porphyry copper deposits  including 

Sarcheshmeh and Darrezar mines, as well as Kuhepanj, 

Sereidun, Sarbagh, Baghkhoshk, and Dehsiahan 

occurrences. In addition, two altered areas at the southeast 

of the Darrehzar and north-eastern of the area, reported by 

Beiranvand Pour and Hashim. Two new altered areas at 

northwest and southwest of the Sarcheshmeh were also 

identified. Investigation of discriminated minerals revealed 

that sericite–illite is the dominant alteration mineral group 

exposed. The accuracy of a classified image has been 

validated and verified with a set of reference data. 

D. Object Based Image Mapping:  

The Object based image analysis and data mining in Landsat 

time series for mapping soybean in intensive agricultural 

regions include few major stages such as image 

segmentation, training set generation, data mining, 

interpreting and evaluating the decision tree, classification 

of multi temporal data, and validating the classification on 

independent samples. Bands 3 to 5 from Landsat image 

were extracted. The initial step in Extraction of soybean 

features include segmentation of the images and 

implementing multi-resolution segmentation algorithm 

[5].And the next step in the extraction of features was the 

selection of a set of sample objects. In this approach 396 

objects were selected, of which 184 represented patterns 

defined by the soybean class and the remaining represented 

patterns in the other classes. Several types of attributes are 

implemented in this environment for image analysis. 

Following image analysis Cross validation was applied to 

the knowledge model [5] to obtain a more rigorous 

statistical parameter in relation to the generated DT. The 

Decision Table was trained, the training set was partitioned 

into two subsets [5]. After evaluating the decision table the 

acquired knowledge has been implemented for image 

classification. From the conclusion matrix the quality of the 

classification has been assured. Semantic networks enable 

the organization of rules that emulate the judgment of an 

expert without subjectivity and in an automated way, which 

is crucial when huge amounts of data were assessed. It is 

analysed that DM is a cost effective approach in terms of 

time consumed and the necessity for human interaction in 

the construction of the knowledge model. The decision tree 

defined byJ48 algorithm was highly logic, comprehensive, 

valid, useful and well optimized, using only five parameters 

calculated on Landsat images [5]. Also this approach can be 

implemented in complex and intense area. The main 

objective of this work was to develop and evaluate a 

methodology that can helps in the automation of the soybean 

mapping task in regions of intensive agriculture, when large 

volumes of remote sensing data are used. This is an 

emerging technology that is useful in creating altered 

technology. Also data mining helps in knowledge structure. 

 
Fig. 2: Combined process object based mapping 

E. Subpixel mapping using MRF:  

Subpixel mapping is mainly done to increase the spatial 

resolution of the image. Markov random field (MRF)-based 

SPM is the conventional method that uses spatial and 

spectral constraints simultaneously [7]. To overcome the 

disadvantage in the current MRF where in one observed 

coarse spatial resolution mage is utilized, which limits the 

SPM accuracy. For more accuracy SPM supplementary 

information from subpixel shifted remote sensing images 

(SSRSI) is used with MRF [7]. SSRSI are taken by 

observation satellites taking images over the same area at 

different times. SSRSI were generated by shifting the fine 

spatial resolution image, and the subpixel shifts were 

assumed to be known. The spectral information from these 

images is incorporated in the likelihood energy term of the 

MRF’s energy function to provide multiple spectral 

constraints. The supplementary information is directly used 

in the form of spectra (i.e., in units of reflectance). This 

method enhance, the soft classification procedure, so that 
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there is no need to process the remote sensing image to 

exploit spectral information, which may introduce errors. 

Therefore, the supplementary information is conveniently 

used. The SSRSI [7] are also coarse spatial resolution 

images that have the same spatial resolution as the observed 

image. They are easy to acquire; and the fusion process, is 

not required to generate the high spectral and spatial 

resolution image that may lead to spectral distortion. To 

enhance the SPM accuracy additional information in units of 

reflectance were easily coded into the model as an extra 

spectral constraint. To evaluate the performances of SPM 

methods spatial resolution image [7] were created band by 

band via a mean filter. The known fine spatial resolution 

reference land cover map was used for supervised 

assessment. Also effectiveness was tested by experiments on 

simulated AVIRIS and real ROSIS data. The major issue is 

to exploit spectral information from data from other sources, 

such as fused images. 

F. Band Rationing Method with TM Image:   

TM image is an effective tool in the field of Remote Sensing 

to assess thee mineral deposits in the land.  This method is 

to enable the identification of spectral reflectance of mineral 

deposits’ [7]. The minerals detected by the use of band 

rationing RGB composite was then classified using image 

extraction of Supervised classification (Maximum 

Likelihood), Also this method has been proved  identify 

alteration zones in the studied area by virtue of the resulted 

classified classes.  Field surveys of alteration zones were 

chosen as a training site for implementing the technique.  

The band ratio method of Remote Sensing depicts spectral 

reflectance variation base on the different brightness values. 

The band rationing method was used to create the False 

Colour Composite (FCC) of the image using Chica-Olma 

ratio (5/7:5/4:3/1) RGB [7]. The process involved in this 

techniques selecting a pixel, that may be individual pixels, 

or a cluster of pixels with known geologic significance and 

using these as training sites to locate regions with similar 

spectral characteristics. The band ratio of 5/7:5/4:3/1, were 

the three used for the (RGB) composite, these ratios was 

used because of the easy interpretation of the colour 

reflectance in depicting the spatial mineral deposits using 

the Landsat image. The altered mineral deposits were 

mapped and the spatial distribution of clay covers was 

successfully mapped using ENVI mineral detection 

approach which shows a very efficient tool to identify the 

specific hydrothermal altered minerals using Landsat TM 

[13]. The study reveals that the spatial distribution of altered 

mineral deposits can be effectively mapped using remote 

sensing techniques thereby reducing the cost, time and 

resources expended on mineral mapping using conventional 

methods. 

G. SPLITS Model in analysis of Iron oxide variation: 

MARS is covered by loose, particulate material, called 

regolith, characterized by the presence of iron oxides  such 

as hematite and goethite, whose spectral properties are 

directly associated with the overall reddish appearance of 

the Martian surface and the butterscotch color of the Martian 

sky [14]. The individual morphological characteristics of the 

material constituent grains takes into account the SPLITS 

model [9]. More specifically, their sphericity and roundness 

are normally distributed, with their mean and the standard 

deviation derived from data. Their size, represented by their 

diameter D is distributed according to a piecewise log-

normal distribution. Log D is normally distributed. This 

distribution is characterized by two parameters, namely the 

geometric mean particle diameter di and its standard 

deviation σi, which are functions of the soil texture. The 

percentages of the sand-sized, silt-sized, and clay-sized 

particles are employed to compute the respective geometric 

mean diameters and standard deviations of these particles 

using a particle-size distribution in SPLIT model. In 

computational experiments are two rounds were carried out. 

Where in the first round, we assessed the predictive 

capabilities of the SPLITS model and obtained modelled 

reflectance curves for the five reference Martian regions 

using the datasets provided in Table III. In the second round 

of experiments, we assessed the impact of variations on the 

hematite and goethite contents. One of the key challenges 

for the advancement of research on Martian environmental 

history involves the establishment of diagnostic spectral 

procedures for the identification of distinct surface material 

constituents among several iron-bearing compounds mixed 

in unknown proportions [9] 
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