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Abstract 
This paper reviews major remote sensing 

image classification techniques like pixel-wise, 

sub-pixel-wise and object-based image 

classification methods, and also highlighted the 

importance of incorporating spatio-contextual 

information in remote sensing image 

classification. Further, Spatio-contextual 

analysis techniques are divided into three major 

categories, containing 1) texture extraction, 2) 

Markov random fields (MRFs) modeling, and 

3) image segmentation and object-based image 

analysis. 

Keywords: Remote sensing image 

classification, Spatio-contextual 

information and object based image 

analysis. 

 

I. Introduction 
 

Frequently updated land use land cover 

information is essential to many socio-

economic and environmental applications, 

including urban and regional planning, 

natural resources conservation and 

management, etc. Remote sensing 

imagery, covering a large geographic area 

with high temporal frequency, offers a 

unique opportunity for deriving land use 

and land cover information through the 

process of image interpretation and 

classification. For generating updated land 

use land cover information at different 

scales, remote sensing image classification 

techniques have been developed since 

1980s. During 1980s and 1990s, most 

classification techniques employed the 

image pixel as the basic unit of analysis, 

with which each pixel is labeled as a 

single land use land cover class. With the 

pixel as the basic analysis unit, a series of 

classification techniques have been 

developed, such as:  

 

a. Unsupervised (i.e. k-means and 

ISODATA). 

b. Supervised (i.e. maximum 

likelihood, artificial neural 

network, decision tree, support 

vector machine, random forests). 

c. Hybrid classification (i.e. semi-

supervised and fusion of supervised 

and unsupervised learning).  
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  These approaches when applied to 

heterogeneous regions, however, are with 

limitations like a pixel may not contain a 

single land use land cover type but 

mixture of several land use land cover 

types. As a result, fuzzy classification as 

well as spectral mixture analysis 

techniques have been developed to handle 

the mixing pixel problem and such sub-

pixel based analyses have been applied in 

the geology, forestry, as well as urban 

analyses.  

 

With launch of very-high-

resolution (VHR) remote sensing sensors 

like IKONOS and QuickBird, object-

based classification methods have been 

developed since late 1990s. Object-based 

methods group a number of pixels with 

homogeneous properties into an object, 

and objects. Although a large number of 

remote sensing classification techniques 

have been developed in recent decades, 

most methods only utilize spectral 

variables, and spatial information is more 

or less ignored. Spectra-based 

classification methods are conceptually 

simple and easy to be implemented, but 

they neglect the spatial components, 

which are inherited in real-world remote 

sensing imagery. 

 

The Spatial information, extracted from a 

spectral band, the panchromatic band, or 

the first principal component of an image, 

therefore, has been incorporated into 

image classification. In remote sensing 

literature, such approaches are generally 

called as “spatio-contextual” image 

classification, indicating the relationship 

between a “target” pixel and its 

neighboring pixels is incorporated into 

analyses. These spatio-contextual image 

classification approaches can be grouped 

in three categories, like 1) texture 

extraction, 2) Markov random fields 

(MRFs) modeling, and 3) image 

segmentation and object-based image 

analysis. 

 

II. Image Classification Methods 

 

Pixel-Wise Image Classification 
 

The pixel-wise classification methods are 

the classic remote sensing image 

classification technique. In which   each 

pixel is assumed to be pure and typically 

labeled as a single land use land cover 

type (see Tab. 1). With this method, 

remote sensing imagery is considered as 

collection of pixels with spectral 

information, and thereby spectral variables 

and their transformations are inputs to per-

pixel classifiers. In general, pixel-wise 

classification algorithms can be divided 

into two groups: 

 

a. Unsupervised classification  

b. Supervised classification.  

 

In unsupervised classifiers, a 

remote sensing image is divided into a 

number of classes based on the natural 

groupings of the image values, without the 

prior knowledge of the study area. The 

unsupervised classification algorithms 

namely k-means, Iterative Self-Organizing 

Data Analysis (ISODATA), Self-

Organizing Maps (SOM) method and 

hierarchical clustering methods. 
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 In supervised classifiers, an image analyst 

selects representative sample sites with 

known class types (i.e. training samples) 

and tries to compare the spectral 

properties of each pixel in the image with 

those of the training samples, then labels 

the pixel to the class type based on the 

decision rules. A large number of 

supervised classification methods have 

been developed like Maximum Likelihood 

Classifier (MLC), Minimum Distance-to-

Means Classifier, Mahalanobis Distance 

Classifier, Parallelepiped and K-Nearest 

Neighbors Classifier etc. Recently, 

machine learning techniques have also 

been developed to refine the knowledge 

learning process and these methods 

include artificial neural network, 

classification tree, random forests, support 

vector machine and genetic algorithms. 

 

Sub-Pixel-Wise Image Classification 

 

The Pixel-wise remote sensing image 

classification techniques assume that only 

one land use land cover type exists in each 

image pixel. However, such an assumption 

is often invalid for medium and coarse 

resolution imagery, majorly due to the 

heterogeneity of landscapes when 

compared to the spatial resolution of a 

remote sensing image. As a result, the 

applications of pixel-wise hard 

classifications decrease the classification 

accuracy of land use land cover maps As a 

better alternative, sub-pixel classification 

techniques are considered more 

appropriate as the areal proportion of each 

land use land cover type can be accurately 

estimated. Major sub-pixel classification 

techniques, such as fuzzy classification, 

neural networks, regression modeling, 

regression tree analysis and spectral 

mixture analysis, have been developed to 

address the mixing pixel problem. 

 

Object-based image classification 
 

In this method Instead of considering an 

image as a collection of individual pixels 

with spectral properties, object-based 

methods will generate image objects 

through image segmentation, and then 

perform image classification on objects 

rather than pixels. With image 

segmentation techniques, image objects 

are formed using spectral, spatial, and 

textural and contextual information. These 

objects are further classified using spectral 

and other relevant criteria. 

 

III.  Spatio-Contextual Analysis 

Techniques  
 

A number of land use land cover 

types cannot be effectively separated with 

spectral information, and thereby less than 

desired accuracy has been reported with 

spectra-only classifiers. In order to 

achieve higher classification accuracy, an 

increasing number of spatio-contextual 

analysis techniques have been developed 

recently to complement the spectral 

classification approaches. We divide these 

spatio-contextual analysis techniques into 

three methodological approaches namely: 

 

1) Texture extraction  

2) MRFs modeling 

3) Image segmentation and object-based 

image analysis 
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Figure 1: Image Classification Methods 

 
  

Classification 

Characteristics Examples of classifiers 

 

Techniques 

 

   

  
Unsupervised (e.g. k-means, ISODATA, SOM, 

hierarchical clustering) 

Supervised (e.g. Maximum likelihood, Minimum 

distance-to-means, Mahalanobis distance, 

Parallelepiped, k-nearest Neighbors) 

Machine learning (e.g. artificial neural network, 

classification tree, random forests, support vector 

machine, genetic algorithms) 

 

 

Each pixel is assumed pure 

and typically labeled as a 

single land use land cover 

type 

 

Pixel-based 

techniques 

 

 

 

 

 

 

  

 

Each pixel is considered 

mixed, and the areal 

proportion of each class is 

estimated 

Fuzzy classification, neural networks, regression 

modeling, regression tree analysis, spectral 

mixture analysis, fuzzy-spectral mixture analysis 

 

Sub-pixel-based 

techniques 

 

 

 

 

 

   

Object-based 

techniques 

Geographical objects, 

instead of individual pixels, 

are considered the basic unit 

Image segmentation and object-based image 

analysis techniques (e.g. E-cognition, ArcGIS 

Feature Analyst) 
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Figure 2: Spatio-Contextual Analysis Techniques 

 

S. No. Spatio-

contextual 
Classification 
Techniques 

Role of spatio-contextual                                      

information 

Classifier types 

1 Texture extraction 

Incorporation of texture 

metrics can improve the 

classification accuracy 

through mitigating spectral 

confusion among spectrally 

similar classes 

a. Structural texture extraction 

b. Statistical texture extraction 

c. Model-based texture extraction 

d. Transform texture extraction 

2 MRFs 

MRFs incorporate spatio-

contextual information into 

a classifier through 

modifying the discriminant 

function with an addition of 

spatial correlation term. 

Integrated algorithm of MRFs and 

SVM Adaptive MRFs 

3 

Image 

segmentation 

and object-based 

image analysis 

Spatio-contextual 

information has been 

incorporated in the image 

segmentation process, with 

each segment contains 

spatially contiguous and 

homogenous pixels, and 

avoids the salt-and-pepper 

noise. 

Image segmentation (e.g. region-

growing, Markovian methods, 

watershed methods, hierarchical 

algorithms) Object-based image 

analysis techniques (e.g. SVM, 

nearest neighbor classifier) 

 

 

Texture Extraction 
  

Texture is a term of computer vision 

and image analysis that describes the 

placement and spatial arrangement of 

repetitions of tones, and is often employed 

to quantify the variability of pixels in a 

neighborhood. Major texture extraction 

methods can be grouped into four major 

categories: 

 

 

 

 

1) Structural. 

2)  Statistical. 

3) Model-based. 

4) Transform  

 

The texture of an image can be 

defined with the primitives and their 

placement rules. Structural texture 

extraction approaches have been 

advanced through developing 

mathematical morphology techniques 
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based on non-linear operators associated 

with Minkowski’s set theory. 

 

  Statistical methods include first-order 

statistics and second-order statistics, 

especially the grey-level co-occurrence 

matrix. Other statistical texture metrics 

include those based on texture spectrum 

and semi-variance. The third category of 

texture extraction is the model-based 

approaches, such as fractal models, 

autoregressive models and MRFs models. 

Finally, transform methods include 

Fourier, Wavelet transforms and Gabor.  

 

Mrfs Models 
 

Another spatio-contextual remote sensing 

image analysis technique is MRFs models. 

MRFs are originated in the fields of 

statistical physics, computer vision and 

image processing and have recently been 

applied in the field of remote sensing 

image classification and interpretation. For 

remote sensing image classifications, 

MRFs incorporate spatio-contextual 

information into a classifier through 

modifying the discriminant function with 

an addition of spatial correlation term. 

MRFs have the ability to examine the 

global and local properties of a remote 

sensing image, and quantify the spatial 

autocorrelation among pixels through a 

mathematically rigorous means. 
 

Image Segmentation and Object-

Based Image Analysis (OBIA) 
  

The image segmentation and 

object-based image analysis (OBIA) 

techniques Image segmentation is a term 

of computer vision, with which a digital 

image is partitioned into a number of 

homogeneous segments, each of which 

often corresponds to an object or a portion 

of an object.In the field of remote sensing, 

an early image segmentation application 

was developed by Kettig and Landgrebe, 

who later developed the ECHO classifier. 

In segmenting remote sensing images, 

spatio-contextual information has been 

incorporated in the algorithms, including 

region-growing, Markovian methods, 

watershed methods, and hierarchical 

algorithms.  
 

Geographic Information Analysis 

Techniques 
  
Geographic information analysis 

techniques are not considered as a major 

group of models that incorporating spatio-

contextual information into remote 

sensing image classification. This may be 

because of the gaps among different 

research communities, as texture 

extraction, MRF models, and image 

segmentation and object-based 

classification are originated in the fields of 

computer vision, pattern recognition, and 

image analysis, while geographic 

information analysis models are embedded 

in the fields of geography, geology, soil 

science, economics, regional science, 

agricultural science, etc.  

 

Neighborhood Constrained K- 

Means (NC-K-Means) Approach 
 

It involves the development of a new 

index, pure neighborhood index (PNI), 

and incorporates this index in the process 
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of k-means classification approach. This 

index attempts to quantify the degree of 

spatial dependence for each class in an 

image. That is, if there are a large number 

of pure neighborhoods of a particular 

class, a neighborhood-based classification 

approach should be adopted; otherwise a 

pixel-level classification algorithm should 

be applied. In this case study, the PNI 

value is incorporated into the process of 

the k-means classification approach to 

adjust the assigned class values between 

iterations.  
 

Pure Neighborhood Index (PNI) 
  

PNI is an indicator of whether a 

neighborhood only contains pixels of a 

particular class. With the classification 

results, PNI of a neighborhood equals to 

one if all of the pixels in the neighborhood 

are classified into one particular class, 

otherwise it is assigned to a value of zero 

[Eq. 1]. 

 

PNI wk =   1 if w is pure neighborhood of k 

0 if w is mixed neighborhood of k                                      

…….. [1] 

 
 

Where w represents a neighborhood 

and k is a class. 

  
With the PNI values of each non-

overlapping neighborhood (w) for class k, 

we can calculate the total number of non-

overlapping pure neighborhoods (δk) for 

class k in an image [see Eq. 2], and 

employ this number as the criteria to 

decide whether a pixel-level or a 

neighborhood-level k-means classification 

should be conducted. 

 

δk  = ∑w PNIwk  ……. [ 2 ] 

 

Spatially Adaptive Spectral Mixture 

Analysis (SASMA) 

  
To incorporate geographic information 

analysis techniques into a spectral mixture 

analysis model, and develop the spatially 

adaptive spectral mixture analysis 

(SASMA) approach. A major issue of 

spectral mixture analysis is the selection 

of representative pure land use land cover 

type, also termed end member classes.  

 

IV. Conclusion 
 

Remote sensing image classification 

techniques are essential in deriving land 

use land cover information for socio-

economic planning and environmental 

applications. By conducting a 

comprehensive literature review on remote 

sensing classification methods, especially 

the spatio-contextual classification 

techniques, we have obtained several 

conclusions. 

 

With higher spatial resolutions, 

images are likely to have higher within-

class spectral variability. As a result, less 

than satisfactory results have been reached 

with spectral classifiers. Spatio-contextual 

classifiers, therefore, have potential to 

address such problems through employing 

information extracted from the spatial 

domain. A number of studies have 

reported significantly higher classification 

accuracy with image segmentation and 
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object-based image classification. In 

addition, satisfactory results have been 

reported with texture extraction and MRFs 

modeling. Recently, more and more 

remote sensing scientists have recognized 

the importance of spatial information, and 

a large number of studies have 

emphasized on developing spatio-

contextual image classification methods. 
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