
 
 

A novel approach for approximation based spatial data 

classification 
 

M.Gangappa 1*, C. Kiran Mai, P.Sammulal  

 
1Assoc. Professor, Dept. of CSE , VNR VJIET , Hyderabad(T.S),India 

2 Professor, Dept. of CSE , VNR VJIET , Hyderabad(T.S),India  

3Assoc. Prof, Dept. of CSE, JNTUH College of Engineering 
                                  *Corresponding author

 
 
 
Abstract 

The Geospatial data analysis has been popular recent 

years due to its wide and vast applications. These 

applications focus on an efficient classifier towards 

accuracy. In general, the accuracy depends on the features 

that represent the objects. The conventional classifiers 

have an ability to construct the optimal features in objects, 

however fail to handle the large datasets. The recent 

research towards spatial data classification has been 

focusing on machine learning and deep learning 

approaches. The machine learning based methods are 

popular because of their robust performance in classifying 

the spatial data. In this paper, we investigate a novel 

approach to construct the optimal features and the 

significant accuracy of the classifier. At first, the rough set 

based approach is investigated and then the β-

approximation based method is used to get the significant 

accuracy in classification. The cross validation and miss 

classification rate are used to assess the proposed model.   

1. Introduction 

The classification of spatial data sets using algorithms in 
machine learning domain plays a vital role and has been evolving as 
one of the most influential domain in recent research. The enormous 
applications on geo-spatial data analysis have been in diverse areas 
such as digital image categorization, environmental engineering, land 
use on global monitoring ecosystems, land surveying, military use, 
education field and many more. Since its tremendous need, practical 
use and applications, there has been carried out a significant amount 
of work in this domain. The remote sensing has been popular recent 
decades. The support vector machines (SVM) is  mostly used in 
remote sensing which uses kernel based learning mechanisms [6], 
which consists of extra advantages compared over to classical image 
classification techniques. The imagery data like atmospheric change, 
land use, land cover and land change is often used to find the 
environmental changes .This imagery data covers a water body, 
cultivated land, built-up, and natural vegetation [4]. In the multi-
spectral data like land use and land classification a better efficiency 
method was suggested [4]. The spatial data classification is one of the 
greatest important tasks in the remote sensing data analysis. The 
issues of classification of spatial images such as surface conditions, 
different structures, orientations and illumination are considered as the 
recognition problem of stochastic signals[2][15][6]. The classification 
methods in machine learning fall into supervise and unsupervised. In 
machine learning, classification approach is considered as a 
supervised learning. It makes the machine to learn the knowledge 
from the existing data. This data is generally referred to as samples of 
training data and the prediction will be made by the machine from the 

knowledge it gained. Generally, the rules are made for a classifier 
from a list of features adapted from the dataset. These features will 
then be used to categorize the data with the help of classifier. 
However, the time for generating rules will get increased 
enormously with the list of large collection of features. In addition to 
that the prediction accuracy will be degraded. In this study we focus 
on rough set and near set based classification methods and 
eventually, we assess their performance.  

A. Motivation       

The machine learning based classification approach in spatial 
images has been widely used and the most interesting task in the 
research. It has been carried out with various methods of 
classification of images. The methods such as decision trees, random 
forest ,fuzzy SVM, Artificial Neural Networks (ANN), Bayesian 
Classification, Genetic algorithms etc., have been used to refine the 
issues in the image classification[16][9][11]. The classification 
problem in images still needs a better model to handle such a 
complex data and further improvement in accuracy.   

The most powerful mathematical tool for data analysis is rough 
set theory that was proposed in 1982 [1]. Its main focus is to 
describe the vagueness in a complex and uncertain data. The rough 
set theory was proposed [1] to extend the functionality of the set 
theory to discover patterns hidden in data. Based on this, there has 
been wide range of applications exist in data science. It can mainly 
be used to find the dimensionality reduction by which the process 
can be speed up by measurable and significant amount of time and 
recognizable amount of space. Apart from that it has also been 
focused on applications which deal with the uncertain data 
management and vagueness in some complex structures [3][5]. The 
RST assumes that every record that represents an object in the 
universe of discourse is associated with substantial information. For 
instance, suppose objects are landscape types such as water body, 
dry land, rock type etc., and the geographic features associated them 
are considered as information to make sure the object [2]. The RST 
understands that the information (knowledge) is essential to classify 
the objects [1]. Therefore, RST model can be used to solve the 
challenges of exploring data dependencies, pre-process the available 
unstructured data into structured and meaningful format, explore the 
patterns in the available images data, reduction in a number of 
attributes and attributes selection along with dimensionality 
reduction. 

The near set theory was introduced [10] and is an upcoming area 
in data science and soft computing that extends the set theory 
functionality in the more specific way to handle the inconsistent data 
more precisely. As it deals with the data objects and their attributes 
associated them, it does not directly involve reducing the data for 
classification. However, internally this mechanism verifies the 
attributes pertaining to the objects in the data table and eventually, 
generates the rules for classification of the data. Thus, this process is 
considered as light weight process and reduces the amount of run 
time for the classification problem. It offers a mechanism for solving 
the problems in the image processing, science and engineering.   
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B. Related work 

The recent exhaustive literature surveys evince the use of various 
classification algorithms in the geo spatial data analysis which reveal 
the significant development in the spatial image classification. The 
SVM (Support Vector Machines) classification model for spatial data 
analysis was used to optimize the spatial points which represent the 
spatial objects. The adapted model used the learning strategy to obtain 
the high dimensional knowledge in the spatial data [6]. Handling the 
high dimensional data is a critical problem towards the optimization 
[7][11].The SVM is often insensible to this kind of critical data. 
Therefore, this model may take longer amount of time to conclude the 
analysis. In supervised learning, many algorithms found in prediction 
of geo spatial objects [5][14][17][16]. The supervised algorithms are 
decision tree classification method, random forest, neural networks 
and SVM. The SVM and decision algorithms are utilized in 
classification and regression. The neural networks and Fuzzy logic are 
used for classification of tasks. The Fuzzy Rough Set based attribute 
selection procedure was presented [11]. The significant amount of 
research contribution was done on Fuzzy Rough Set theory [19].The 
other machine learning algorithms have been used in attribute 
optimization and selection. These algorithms are trained with the data 
having the class labels at the training phase. Later, in testing phase, 
the objects are identified. These algorithms use the features such as 
mean elevation, entropy and mean slope and features to train the 
model. The prediction accuracy of these algorithms relies on selection 
of significant features in the spatial data at the time of training the 
model. The high prediction accuracy is possible if the input data has 
the significant features to represent the objects in the spatial data, 
otherwise the prediction will be low. Hence, we strongly argue that 
the feature optimization can influence the prediction model. 

C. Organization of paper 

The paper is organized as follows: The Section 2 discusses the 
overview of the preliminary concepts. The Section 3 explores the 
proposed method. In Section 4 we discuss the algorithm complexity, 
the critical issues and comparisons with other models. In the Section 
5, the data set and experiment results are discussed. Eventually, the 
details of conclusion are given in Section 6. 

2. Preliminaries  

A. Decision tree 
The one of the supervised learning algorithm is the decision tree 

algorithm. It is basically a classification algorithm and it can be used 
for prediction as well because it can be employed for the discrete and 
continues values. The decision tree can typically use the inductive 
approach to train the task for classification. The decision tree is 
trained by splitting the sample data set into some number of sub 
samples based on the significant splitter [18]. This sort of splitting 
process is repeated until it gets to the leaf node or class label. 

The decision tree is used to perform attribute selection for the 
classification task. The identification of the useful attributes is a 
challenging task in decision tree classification algorithm. The main 
attribute selection criteria (measures)  in decision trees are the 
following: 

 GINI index 
 Information gain 

The decision tree method suffers from serious problems such as over 
fitting and not fit for continuous variable. 

B. Support Vector Machines 
 

e The Support Vector Machines (SVM) is supervised learning 
models that are basically formed by a separating hyper-plane. The 
SVMs are quite often used for classification problems and regression 
problems [4]. 

The SVMs use the separating hyper-plane to divide the data 
into two classes. In SVM, the nearest data objects to hyper-plane 
are support vectors. These are critical points to draw the linear line 
that separates the data objects. The margin is the distance from the 
nearest data object to hyper-plane in the either side. The margin 
helps to choose the good possible margin hyper-plane to separate 
the data classes. SVM are used to handle the tasks that involve 
linear in nature and no-linear tasks. In case of non linear tasks, 
SVM can use the kernels such as polynomial kernel, sigmoid kernel 
and RBF kernel [18][9].  

The kernel in SVM is a set of mathematical equations. 
Generally, the kernel function is used to receive the input data and 
to process it. Thus, the kernel function translates the input data into 
output format required. The different kernels are used for SVM 
based on the nature of the task to be performed. As said above, the 
functions and uses of various kernels are discussed below.   

The RBF (Radial Basis Function) is widely used SVM kernel 
type. The frequently used kernel function in image analysis and 
image recognition is polynomial kernel. In some cases, we do not 
have any prior knowledge about the classification task, in such 
cases we consider Gaussian kernel to solve our problem. 

The SVM has a variety of applications in many areas such as 
medical and engineering .In medical image processing the SVM is 
extensively used to detect the tumours in brain and many more 
applications such as image recognition and sentiment analysis. In 
science and engineering, it can be used to recognize hand written 
text, spam analysis, category assignment and automation 
services. 
C. Artificial Neural Networks 

An Artificial Neural Networks (ANN) approach was introduced 
by the thought of functioning of human brain. An ANN has an 
ability to understand the meaning from the data. Often, human 
being may not notice the patterns in complex structures. An ANN 
can be used to notice the patterns that exist in the data. It can be 
seen as the expert system after it has been trained and then it can 
used to analyze the data [15]. 

The ANN has many applications in science and engineering, 
medical sciences, military and research. The architecture point of 
view neural networks are categorised as the following: 

 Feed forward Neural Networks. 
 Feedback Neural Networks. 

In feed forward approach, the output layer is directly interacts with 
the inputs being supplied. This approach is often used in image 
processing. In feedback ANN, the information being processed can 
be in both directions such as forward and back ward. Thus, the 
construct of this type of ANN is quite complicated. However, the 
ANN is dynamic and powerful technique. 

Since its dynamic structure, it has been used in classification tasks 
such as image classification to classify the image. It produces the 
good results when the data is pre-processed [15]. 

D. Rough Sets fundamentals 
The data set in rough set theory can be observed as a table of data 
where each row represents the set of objects and column represents 
the attributes of the objects. The data table is also known as 
information system (IS). The RST includes two types of attributes 
known as conditional and decision attributes. The decision system in 
rough sets can be generalized as R = (U, C U {D}) where U is 
viewed as universe set, C and D are considered as conditional 
attributes and decision attributes respectively. The objects which 
have similar behavior in the system are considered as indiscernible 
(IND) objects. A set of IND (indiscernible) objects form an 
elementary set which is a basic granule of knowledge.  The crisp is 
the union of elementary sets. The crisp set is also known as precise 
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set otherwise the set is called rough set which is vague or imprecise 
set. Rough set theory uses lower and upper approximations to find 
vagueness in the data objects. The lower approximation contains 
definite relative objects to the concept while upper approximation 
includes possible objects to the concept. The boundary region of 
vague concept forms from the difference between lower and upper 
approximations [20].  

The graphical representation of the rough set concepts is shown below 
figure 1: 
 

 
 

Fig. 1: Various concepts in rough sets. 

 
Let X A , (ie., A= C U D ) where A is the union of conditional 

attributes and decision attributes in the decision table. Assuming that 
x is the value of the attribute, the lower approximation  R X and upper 
approximation  R X  can be mathematically represented as follows: 

      : ,
A A

X x X x XR                   (1) 

           : ,
A A

R X x X x X                   (2)  

The boundary condition can be derived from subtracting equation (2) 
from equation (1). 

           RBND X R X R X           (3) 

The crisp set is the result, if the boundary condition (BNDR) is empty. 
This condition indicates that the upper approximation is equivalent to 
lower approximation. If the set is not crisp, then it can be rough [2]. 

The positive region POS c (D) of conditional attributes is a set of 
objects that are certainly classified .The positive region is given as 
follows: 

 ( )cPOS D R X                            (4) 

From equation (4),we derive the REDUCT which contains the 
minimal attributes in a positive region. Computing REDUCT is a 
trivial and tedious task because an information system may contain 
many REDUCTs. The core REDUCT is the reduced REDUCT which 
is computed from the intersection of REDUCTs. The core REDUCT 
in information system is intersection of all REDUCTs. 

The core REDUCT and REDUCT are essential concepts in rough 
set theory. They have been used in attribute selection in many 
applications in which the attribute selection is essential to make the 
decision.  

 The near set concept is a generalization of rough set concept. It 
was developed based on consideration of nearness objects which go 
into the same class in the classification problem [10]. The rough sets 
and near sets are powerful concepts generally used them in many 
data mining and image processing areas such as attribute reduction 

and selection, image recognition, dimensionality reduction, image  
classification. 
 In near set concept, the information of objects is represented in 
a data table that contains the features of an objects in the columns 
and objects in the rows. For instance, the features of an object in the 
spatial image can be the texture, intensity values and entropy. These 
features are considered to define the object in the spatial image. The 
near set can use these features and determines the optimal features 
which best describe the object and generate rules to train the 
machine. Therefore, the near sets can be used for feature 
optimization, feature selection and classification. 

 The formal definition of near set is defined as given below 

     , , ,r BNS U F N v                             (5) 

where the U refers to the universe of discourse, F refers to the 
functions which deal with the features of objects, the neighbourhood 
function Nr internally uses the probe function and probe function is 
used to measure the feature of an object in the universe of discourse. 
The overlap function VB is used to map the pairs of values in a set  P 
(U) to [0,1] that indicates the overlap between the objects with their 
features B [21]. 

    ( ) ( ) [0,1]Bv P U XP U             (6) 

The near lower approximation, near upper approximation and the 
boundary functions are derived from the probe function B. These 
functions are β-approximation functions. Let X U , β-near lower 
approximation, β-near upper approximation are as follows: 
              

                 ( ) ( )N X B    (7) 

       { : [ ( )] , }cN X F F N B X F                 (8) 

                  ( )
rNBND N X N X                                       (9) 

The boundary member ship function (BNDNr ) is then derived from 
equation (7) and equation (8) which is then used to determine the 
exactness features of objects.  

 

3. Methodology 

This section presents a frame work which is used to classify the 
spatial images. In the first phase the input data is pre-processed. 
Here, the complex input data which is generally in unstructured 
form is then turned into structured data. In spatial image, pre-
processing includes the following techniques to correct raw data for 
errors and to eliminate noise in the data: 

 Geometric Correction  

 Radiometric Correction  

 Noise removal 

To prepare the data for usable, other techniques such as geo- 
referencing can also be used accordingly. The spatial image data is 
geo referenced to align the real world coordinates. This process is 
generally known as Geometric Correction. Thus, the structured and 
aligned data to the real world coordinates is the result. From this 
data, the training samples of RGB pixels are collected on random 
basis to build the training model. Then the attribute selection and 
attribute optimization is done on the training data. Thereafter, the 
rules are generated from the training data which are used for testing 
the classifier. Eventually, as shown in Figure 2 the classifier will be 
tested in the second phase to find the accuracy. 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 10, 2018 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 30 of 32



 
 

The proposed algorithm can be used to generate the rules from 
the training data instances. This algorithm uses the information 
measure µ to determine optimal set of features such as intensity 
values and finally generates the rules which are then used to classify 
the objects.  

 The detailed algorithm for this work is detailed next. 
Algorithm NRS_class (U,A U {d}). 
# The set of objects U in the universe and the finite set of features 
which are conditional A={A1,A2,A3,...An} and decision attributes(d) 
respectively. The decision attribute d has a set of class values 
d={dc1,dc2,...dcm}. 

1. Procedure begins 

2. Calculate IND(A) and IND(d). 

3. Find the Information measure  

      ( ) , 1 , |s d dc A a a A        

4. Determine the individual cardinality of all pairs with 
[d,dc1] . 

5. Select the pairs with the largest cardinality. If there are more 
than one pair has the same cardinality, then select the pairs 
in first come first order. 

6. Check the select pair whether it is subset to [d,dc1] or not. 

7. Update d to get the reduced set s= d – {selected pair}. 

8. Find the attribute pair where the reduced set s is subset and 
calculate the cardinality of these attribute pairs. 

9. Select the minimum of disjoint of attribute pair and reduced 
set s. 

10. Generate the rule for the class “dc1”.  

11. Then select the other class from d such as dc2 and repeat the 
steps from 2 to 10 until all class values are verified to 
generate the rules.   

12. Procedure ends 

The algorithm NRS_class  computes the indiscernability (IND) for 
the conditional and decision attributes. From this, it calculates the 
information measure µ based the formula given in the step3.Next,it 
finds individual cardinality and selects the attribute pair with largest 
cardinality. Updating the decision variable, it tries to find the 
minimal attribute set. Then, generates the rules for the target class1.It 
repeats the similar process for class2, class3 and so on until all class 
labels are verified. After this step, the generated rules are then used 
for training the classifier. 

As discussed earlier, the phases in classification are detailed in 
Figure2. 

 
Fig. 2: Phases in classification 

4. Complexity analysis and comparison 

The complexity of an algorithm is discussed briefly. Its running 
time complexity is O (n22n ) as this method uses the approximation 
sets to verify the class labels in the decision attribute. This 
algorithm is designed based on the dynamic programming strategy. 
The DP (dynamic programming) method internally uses the 
recursion and employs the principal of optimality concept to store 
the computed results in the internal stack as to avoid the 
recompilation of the same kind of sub problems. Hence, it speeds 
up the process and makes the process light weight. 

The proposed method plays a vital role in attribute optimization. 
When the decision tree is compared with the proposed method, the 
decision tree classification method involves very acute problems 
such as under fitting train model or over fitting the training model, 
but the proposed technique avoids such anomalies by using the 
approximation functions. Therefore, the proposed method is able to 
handle the uncertain data efficiently. The SVM method is very 
expensive when the nonlinear data such as spatial data is used to 
categorize the objects. Thus, the proposed method is chosen to 
handle the complex data efficiently. The proposed method employs 
the approximation functions which are likely to handle the 
uncertainty in the data and derived functions in the near set are used 
to construct expression for information measure. The information 
measure correctly measures the class of object. It does not require 
extra knowledge as in the other methods to classify the data. The 
proposed method performs the dimensionality reduction to obtain 
the attributes that represent the knowledge with minimum cost.  

5. Experiments and Results  

The input data and experimental results are presented in this 
section. The input data set is collected from the NRSC-BHUVAN 
data center [12].The QGIS open access tool [13] and R 
programming language [22] were used to implement the 
methodology proposed. The rules on the training data set generated 
are then used for spatial image classification. In QGIS, the R script 
was written to classify the spatial image. The R code snippet used to 
classify the objects in the spatial image is given below. 

Table 1: R Code For Spatial Data Classification 

lsat.labels <- rep(NA, ncell(feb)) 
lsat.labels[unlist(cellFromPolygon(feb, urb))] <- "urban" 
lsat.labels[unlist(cellFromPolygon(feb, forest))] <- "forest" 
lsat.labels[unlist(cellFromPolygon(feb, water))] <- "water" 
train.ids <- (!is.na(lsat.labels))    
 

The above code written in R was used to assign the class labels. 
With the help of the class labels in the decision attribute, the 
attribute selection and optimization was carried out. The selected 
input sample pixel values were used to train the model. This data 
turned into data frames and then factor labels were assigned to 
predict the class labels. After this, we performed the cross 
validation that turned the data into “p” granular samples. The one 
granular sample was used for testing the validity of the model and 
the rest of the granular for training the data. 

Table 2: Confusion Matrix 

pred/train Forest Urban Water 

Forest 2084 0 26 

Urban 0 921 0 

Water 26 0 475 
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The confusion matrix for the experiment is calculated based on the 
cross validation and random sampling. The resultant matrix is shown 
in the table 2.  
 
 

 
Fig 2: Input and output images 

 
 
The proposed method exhibits the better accuracy as shown in the 
table 3. It contains the producer’s and user’s accuracy values of the 
various classes of data. Hence, we conclude that the proposed 
approach gains the better accuracy.  

Table 3: Accuracy Assessment 

Input data 
class 

Reduct  based 
classification 

Approximation based 
classification 

Producer’s 
Accuracy in  

(%) 

User’s 
accuracy in 

(%) 

Producer’s 
Accuracy in  (%) 

User’s 
accuracy in 

(%) 
Forestry 79.86 84.53 85.36 86.42 

Urban land 
81.52 81.52 82.49 82.49 

Water body 
84.29 89.02 89..9 92.36 

Overall 
accuracy 85.03 87.09 

 

6. Conclusion  

We have proposed a novel methodology which is based on rough and 
near sets   member ship functions for discovering the rules to classify 
the data objects. The proposed methodology was employed to study 
the classification of spatial data which is of different features to 
describe the objects. The member ship function discovers the optimal 
attributes considering class labels in the decision attributes. 
Therefore, the overall time complexity gets reduced as to improve 
the performance of the classifier. Here, we performed the feature 
selection and optimization based on membership function which 
accelerates the feature optimization process. This concept avoids the 
use of REDUCT and core-REDUCT concepts which involve a lot of 
transformations to bring out the rules for classification. The 
experimental results show that the generated rules to predict the 
objects in more efficiently and more accurately.  
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