
IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 764- 771 

 

Neha Kumari, IJRIT  764 

International Journal of Research in Information Technology (IJRIT) 

 

www.ijrit.comwww.ijrit.comwww.ijrit.comwww.ijrit.com                                                                                           ISSN 2001-5569    

A Review on Change Detection Methods in Hyper 
spectral Image 

 
Neha Kumari 1, Dr. Rajat Gupta2  ,Er. Abhishek Sharma3 

1, M.Tech Final Year Student, Deptt. of ECE, MMU, Mullana, Ambala 
2, Professor,  Deptt. of ECE, MMEC, Mullana,, Ambala 

3, Assistant Professor,  Deptt. of ECE, MMEC, Mullana, Ambala. 
 

 ABSTRACT 
The Remote sensing change detection is an emerging area in many applications. The change detection is a central 
task for monitoring and analyzing the land cover changes by remote sensing techniques. Interesting changes are 
caused due to the presence of shadow, illumination, mis-registration, atmospheric differences which often produce 
the change in the appearance of the hyper spectral images. If these problems are not properly addressed, this can 
lead to poor and bad change-detection performance. One interesting research area in the remote sensing change 
detection is that Study of changes occurred between several years in hyper spectral images due to pixel difference, 
vegetation index, temperature changes etc. more become easy. Many techniques have been developed for detection of 
changes. In this paper we provide an overview of a wide range of change detection methods proposed in the 
literature. 
 
Keywords: - Change detection, hyper spectral, image analysis, target detection, unsupervised techniques, remote 
sensing, change detection algorithms. 
 
1. INTRODUCTION 

 The change detection of the earth’s surface features is the most important method for monitoring environmental 
changes and its resources. Remote sensing satellite technique provides a large-scale assessment of landscape 
over a long period of time and has been demonstrated to be an effective and efficient method for change 
detection. Change detection by remote sensing satellite has been widely used in various applications such as 
land-use/land-cover monitoring, coastal changes, urban development, rate of deforestation, and disaster 
monitoring. Most of the change detection methods are based on single-band or multispectral remote sensing 
satellite images. These Hyper spectral sensors measure radiance by using large number of bands covering a wide 
spectral range. The multi temporal and multispectral images can show spectral changes in various bands, the 
spectral information provided by multispectral data is not so elaborate. But the hyper spectral imagery offers 
more accurate and more detailed information on spectral changes in multi temporal scenes as compared to 
multispectral images, which can improve the performance of change detection. The most important advantage of 
hyper spectral data is that the high-dimensional spectral information can provide the better spectral signatures 
and the physical characteristics of different materials used [1].  

1.1 Remote Sensing: - “Remote Sensing is the branch of science and art of obtaining knowledge and 
information about an object, area of any surface, or the phenomenon through which the analysis of data acquired 
any by a device can be achieved although the data is not in contact with the object, area, or the phenomenon 
under processing”. The important information in remote sensing applications can be achieved by 
electromagnetic energy sensors that are operated from airborne platforms which are used in mapping, 
monitoring the earth resources. These sensors acquire the data in such a way where the various earth surface 
features emit energy and reflect the same energy and also help to provide the information about various 
resources. The process of remote sensing satellites provides the interaction between the incident radiation and 
the objects that are observed. The basic elements involved in defining the spectral properties of remote sensing, 
are explained below : 
A). Energy Source or Illumination - The remote sensing satellites should fulfil the first requirement that it 
should have an energy source which provides the electromagnetic energy to target which is to be detected. 
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B). Radiation and the Atmosphere – Whenever the part of energy travels from source to destination, it will come 
contact with atmosphere. The same process may repeat again when the energy travels from destination i.e. from 
target to the source. 
C).Interaction with the Target – Once the energy from the electromagnetic source of energy finds its path to 
target by using the medium i.e. atmosphere then it interacts with the target depending on the features of both the 
target and energy source of radiation. 
D) Recording of Energy by the Sensor - Once the interaction process between the energy source and the target 
has completed then that part of energy. 
(E) Interpretation and Analysis - The processed image at the destination is analyzed by visually or electronically 
so that the accurate information about the target can be achieved.   
(F) Application – The final element received from remote sensing process which is achieved after the 
information extracted from target can be used can 
be used as a important information for solving a particular problem.  
 

 
Figure 1.  Remote Sensing Concept 

 
Various Change detection algorithms try to find the spatial pixels in an image for which a significant and 
particular change has occurred over multiple temporal measurements. The term significant change is indicated 
to interpretation, and these changes are mainly observed typically on the basis of objects being inserted or 
removed from the image or scene. Observers are typically interested in changes corresponding to objects being 
inserted or removed from a scene. Digital image change detection method is mostly used in monitoring land or 
crop health and its quality. Similarly, one can use the change detection method for analyzing rate of change to 
pollution levels for lake and other ocean environments. False identification or missed identification of change in 
images can be used for some of the applications. Hyper spectral change detection (HSCD) forms a subclass of 
digital image change detection [3].  
1.2 Anomalous Change Detection (ACD):- The Anomalous Change Detection (ACD) has motive to find 
interesting changes that occurred in the scene. The basic concept on anomalous change recognizes that 
pervasive differences between the two  images i.e. those differences that occurs across the whole scene,  are 
large enough that the observer can easily find them without the requirement of change detection algorithm. 
These pervasive differences may be due to alterations in illumination, angle, and also the choice of remote 
sensing satellite. These can also be due to mis-registration of two images or due to seasonal variations in the 
scene. An ACD algorithm attempts to make the distinction between incidental differences and anomalous 
changes by assuming that most of the differences that are observed in the image are incidental. From the 
concerned image data, the observer can learn the patterns of these pervasive differences and then the changes 
which do not fit the patterns are identified as anomalous. An example of an ACD algorithm is the 
“chronochrome” (CC), so-called because it predicts the changes in colour with time. 
For this algorithm, the “pattern” is a least squares linear fit between the two given images, and large residuals 
from that help to  identify the anomalous changes[4]. 
 
II    IMAGE CLASSIFICATION  
 
Digital image classification uses the spectral information which often represented by the digital numbers in one 
or more spectral bands, and also attempts to classify each individual pixel based on this spectral information. 
This type of image classification is termed spectral pattern recognition. Its objective is to assign all pixels in the 
image to particular  themes (e.g. water, coniferous forest, deciduous forest, wheat, soil  etc.). 
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Figure 2.1  Image Classification  [2] 

These classification procedures can be divided into two main subdivisions based on the change detection the 
method used: supervised classification and unsupervised classification. These are explained  below:  
(A) Supervised classification: In a supervised classification, the observer identifies in the imagery homogeneous 
samples of the different surface cover types of interest. These samples are indicated as training areas. The 
selection of this training area is based on the observer’s identification with the geographical area and also about 
the knowledge of the actual surface cover types present in the image.  

Figure 2.2   Supervised Classification  [2] 

The important numerical information in all spectral bands for identification of pixels comprising these areas is 
used to train the computer to recognize spectrally similar areas. The computer uses a special algorithm, to 
determine the numerical "signatures" for each training class. Once the computer has determined the  spectral 
signatures for each class, the each pixel in the image is compared to these  spectral signatures so that the 
complete information can be determined. [2]. 
 
 (b).Unsupervised classification : Unsupervised classification in reverses the process of supervised 
classification.  Spectral classes are firstly grouped, based on the numerical information in the image  data, and 
after that are matched by the observer to information classes. In unsupervised classification the Clustering 
algorithms are used to find the statistical structural information in the image data. Usually, the observer specifies 
that how many  clusters are to be looked for in the image data. In addition to determining the desired number of  
classes, the observer may also specify parameters  which are related to the separation distance among those 
clusters and the variation found  within each cluster. The final result of this clustering process may result in 
some clusters that the observer  will want to combine.  
 

 

Figure 2.3  Unsupervised Classification  [2] 
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Thus, the unsupervised classification is not completely without human intervention and also there is no 
requirement of ground truth.. Also it does not start with a pre-determined set of classes for the identification of 
information as in a supervised classification [2]. Therefore from the detailed study of these two classifications, 
the unsupervised classification has been mainly used because of having some advantages that in case of 
unsupervised classification there is no need of ground truths. Therefore without visiting the site or the image of 
site on which change detection algorithms are implemented can be analysed easily through satellites such as 
LANDSAT, SPOT or many other remote sensing satellites. Several unsupervised change-detection algorithms 
for multispectral images acquired by passive sensors have been proposed in the remote-sensing. By conducting 
unsupervised method the location of unimodal spectral classes can be determined. 
 

Table 1 Comparison Of  Image Classifications 

CONTENT
S 

SUPERVISED  
CLASSIFICA
TION 

UN-
SUPERVISED 
CLASSIFICA
TION 

1. Change 
detection 
Levels 

Change 
detection based 
at decision level 

Change 
detection based 

at data level 
2.Computati
onal change 

Based on     
classified 
images 

Based on the 
interpretation of 
the difference 

images 
3.Requireme
nt of ground 
truth 

Yes No 

4. Spectral 
information 
of  object 

Multispectral 
Based on one 
spectral band 

5. Effect of 
atmospheric 
conditions 
and sensor 
differences 

No Yes 

 
III   RELATED STUDY 

• Yuqi T. et. al. [5] mentioned a change detection model that focuses on building change information extraction 
from urban high-resolution imagery. It mainly consists of two blocks: 1) building Interest-point detection, using 
the morphological building index (MBI) and the Harris detector; and 2) multitemporal building interest-point 
matching and the fault-tolerant change detection. Some of the information like geometrical properties, 
including the interest points and structural features of buildings are used to identify the building change 
detection information. Experimental results given by authors showed that the method was effective for building 
change detection from multitemporal urban high-resolution images. Moreover, authors also presented a 
comparison of the research method with the morphological change vector analysis (CVA), parcel-based CVA, 
and MBI-based CVA. 

• Turgay C. et. al. [6] mentioned a novel technique for unsupervised change detection in multitemporal satellite 
images using principal component analysis (PCA). The difference image is partitioned into h×h non over 
lapping blocks. S, S ≤ h2, ortho normal eigenvectors are extracted through PCA of h×h non overlapping block 
set to create an eigenvector space. The change detection in a particular image is achieved by partitioning the 
feature vector space into two clusters using k-means clustering with k = 2 and then assigning each pixel to the 
one of the two clusters by using the minimum Euclidean distance between the pixel’s feature vector and mean 
feature vector of clusters. Author’s experimental results confirm the effectiveness of their then proposed 
approach. 

• Michael T. et. al. [7] provides several insights into the nature of diurnal and seasonal change in hyperspectral 
imagery. Authors also compared the capabilities of various predictive methods to suppress stationary 
background clutter and change detectors to find subtle target changes in the presence of such space-varying 
background change. Authors mentioned that shadowing changes due to solar angle variations are probably the 
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most prominent source of space-varying change in the collected data, but changes in vegetative state over long 
time periods also seriously limit global linear predictors commonly used in change-detection algorithms. 

• Francesca B et. al. [8] mentioned a novel approach to change detection in multitemporal synthetic aperture 
radar (SAR) images. The research exploited a wavelet-based multiscale decomposition of the log-ratio image 
aimed at achieving different scales (levels) of representation of the change signal. The proposed approach based 
on: 1) Multiscale decomposition of the log-ratio image. 2) Selection of the reliable scales for each pixel. 3) 
Scale driven combination of the selected scales. As a final remark given by authors, it is worth noting that all 
experimental results were carried out applying an optimal manual trial-and-error threshold selection procedure, 
in order to avoid any bias related to the selected automatic procedure in assessing the effectiveness of both their 
proposed and standard techniques. Authors obtained the final change detection result according to an adaptive 
scale-driven fusion algorithm.  

IV   CHANGE DETECTION ALGORITHMS 
 
Change is defined as ‘an alteration and some kind of modification in the surface components of  the vegetation 
cover’ or as ‘a spectral/spatial  movement or any type of migration of a vegetation entity over time’. The rate of 
change can either be abrupt, such as biomass accumulation. Some ecosystem alterations are human-induced, for 
example removal of trees for agricultural expansion. Others have natural changes resulting from, for example, 
flooding and disease epidemics. Various classifications of change in ecosystems have been proposed. Change 
detection is the process of identifying and analyzing the regions that are having spatial or spectral changes from 
multi temporal images. Detecting and representing changes in these images provides valuable information of the 
possible transformations under which a given scene has suffered over time. Various change detection algorithms 
have been developed. This section describes a number of change detection algorithms and makes a performance 
comparison between them [9]. 
 
4.1  Image Differencing 
 
Change detection involves the analysis of two registered multispectral remote sensing images acquired in the 
same geographical area at two different times [10]. It is the process of  identifying land cover changes that have 
occurred in the study area between the two considered dates. Image differencing is the technique to determine 
the changes between two images. The difference between two images is calculated by finding the difference 
between each pixel in each image. The pixel is the picture’s elements that describes a physical point or smallest 
addressable element of an image. The computed difference image is such that the values of the pixels related 
with land cover changes present values significantly different from the  pixels that are associated with 
unchanged areas. Changes are then calculated by analyzing the thresholding method by converting the pixels 
into binary form to detect the change map. Image differencing technique generates the difference image by 
subtracting, pixel by pixel, a single spectral band of the two multispectral images under analysis. Let X1 and X2 
be the two multispectral images of size X×J acquired in same geographical area at two different times t1 and t2. 
Also let these two images are co-registered. Let XD be the random variable indicating the difference image 
obtained by the formula:- 
                               XD = X2 – X1 
 
4.2  Change vector analysis (CVA) 
 
Change vector Analysis provides the information about the magnitude and direction between two input images 
for each date. This method is mainly applied to multispectral images that are acquired by passive sensors, by 
considering more than one spectral channel so that all the available information about the considered event of 
change can be achieved. However, usually CVA is used in an factual way without referring to a specific detailed 
theoretical framework  capable to properly represent all the information contained in the spectral change vectors 
(SCVs) obtained by subtracting corresponding spectral bands of two images acquired at different dates. The use 
of the direction information in the change detection methods can be very important for reducing the false alarms 
that are induced from registration noise [11]. 
 
4.3 Image Rationing 
 
Image rationing is the method in which a pixel  
value of a image at particular time divides the corresponding pixel value of a time image. In this method, the 
ratio of corresponding pixels in each spectral band from two images of different times  after image registration 
will be calculated. The formula of image rationing is:-  
                    R��	�� = ��	��	(t1) / �� ij (t2)  
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If the corresponding pixels of each image which are acquired at two different times have the same gray value, 
namely R�� ij=1, showing that there has been no change occurred.  If the ratio will be greater than 1 or less than 1 
according to the different direction of changes indicates the presence of change. A threshold value is required to select 
to determining significant changes region in the ratio image. The ratio image will be result into simple image i.e. 
no change or negative to reflect distribution and size of the changes. The choice of threshold value must be 
based on the characteristics of the targets and the surrounding environment. A calculated threshold value will 
vary in different regions, different times and different images. The threshold value border of "change" and "no 
change" pixels is often chosen from the histogram of the ratio image [12].  
 
4.4   Principal Component Analysis (PCA) 
 
The main principal of the PCA approach is to use as input a set of images and to reorganize them via a linear 
transformation. In PCA the new coordinate system for the data is projected such that the greatest variance lies 
on the first principal component and  the second greatest variance on the  
second axis. This technique is mainly used to reduce the number of spectral bands. In Change Detection 
techniques, the Process of this linearization is that unchanged pixels that are shared by pair of are made to lie in 
a narrow cluster along a principal axis equivalent to the first component (PC1). On the other hand, pixels 
containing a change would be more unique in their spectral form and would be equivalent to lie in second 
principal component (PC2) [2]. After applying PCA, the principal components with the smaller variance should 
be kept because of the reason that they are likely to be more sensitive to a general change. [13]. The 
unsupervised change detection change also be done by conducting k-means clustering on feature vectors which 
are then extracted using h×h data projection onto eigenvector space. The required eigenvector space is generated 
using PCA on h×h non-overlapping blocks of the difference image. [6]. PCA is one of the simplest method of 
the true Eigen-vector based multivariate analysis. If a multivariate data set of hyperspectral image is visualised 
as a set of co-ordinates in high dimensional data space, PCA can provide the user with lower dimensional 
picture, position, a projection or shadow of this object when viewed from its more  informative viewpoint. 
 
4.5   Linear Discriminant Analysis (LDA) 
 
The LDA mapping also performs the function like PCA by transforming the data to a lower-dimensional space, 
but this method maximizes the ratio of between-class scatter to within-class scatter. For a two-class problem the 
mapping becomes by  projection to a line: y = X·w, where from the equation X contains the input d-dimensional 
features, w contains the mapping and y contains the mapped 1-dimensional features. The LDA seeks a mapping 
that maximizes the measure of separation between the two classes. This technique is different from PCA in the 
sense that in PCA only there is a dimensionality reduction feature but in case of this  LDA method  there is 
measurement of separation between two classes. For example, With around 100 training samples the 
classification errors calculated on these training samples and test samples are close; whereas with fewer training 
samples there is a large difference between these training samples and thus classification error exists and the test 
error indicating that the classifier is not sufficiently trained [17]. 
 
V    CONCLUSION 
After the study of all change detection algorithms we conclude that unsupervised change detection method is 
more preferable for detection purpose because of having  many advantages. Hyperspectral sensors and change 
detection methods have provided more information from remotely sensed imagery than ever possible before. 
With the development of new technologies many new sensors came into existence which provide more 
information about hyperspectral imagery and many new image processing algorithms continue to be developed, 
hyperspectral imagery is made to become one of the most common research in various applications, exploration, 
and monitoring technologies used in a wide variety of fields. By conducting the hyperspectral imagery it 
become possible to detect the rate of change  in many fields.  
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Table2.Comparison of all detection techniques
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