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Abstract - Meanwhile, in the field of hyperspectral remote sensing, change detection becomes a day to day area of interest. 
As change detection refers to the process of identifying interesting changes that occur to a spatial area over which imagery 
has been collected on multiple and different times. The acquired HSI images are mostly corrupted by noise. This work 
studies a performance analysis of change detection with and without noise reduction method for hyper spectral images. The 
methods in this study include, General Analysis Prior (GAP) Algorithm as noise reduction method and change vector 
analysis (CVA) as the change detection method by implementing MATLAB software as a main tool. 
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I. INTRODUCTION  
 
With the development of science and technology, 
hyperspectral remote sensing science has gained the 
extensive as well as considerable development in the 
scholastic field of theory, technology, and 
application. In action the hyperspectral remote 
sensing acquires information of the land object 
through space image and spectral features in order to 
achieve the unity of image and spectrum and provide 
the powerful technical support for the users to learn 
about the world and to change it appropriately. The 
“hyper” in hyperspectral means “over” as in “too 
many” and refers to the large number of measured 
wavelength bands. Images captured at high spectral 
resolution mostly from ≈400 nm to 2500 nm range of 
electromagnetic spectrum are generally referred as 
hyperspectral images. [1], [2] Hyperspectral images 
provide detailed information on spectral changes so 
as to present promising change detection 
performance. [3] As change detection refers to the 
process of identifying significant changes that occur 
to a spatial area over which imagery has been 
collected on multiple and different times. It involves 
comparison of digital images taken of the same 
spatial region collected on different occasions in 
order to determine what has “changed” over time. [4]   
 
This gives us the clue concerning the main objective 
of change detection; hence it is comparing spatial 
representation of two points in time by controlling all 
variances caused by differences in variables that are 
not of interest and to measure changes caused by 
differences in the variables of interest. [5]  
 
On time and accurate application of change detection 
regarding with the spatial features gives the 
foundation for better understanding of relationships 
and interactions between human and the nature to 
better manage and allocate natural resources. 
Concerning the term significant change, since it is a 

subjective term which may give different meanings to 
different people, it is subject to interpretation, 
observers are typically interested in changes 
corresponding to objects being entered or removed 
from a scene or cases where there is a change in 
material composition or apparent optical properties. 
For electro-optical imaging sensors, these types of 
physical changes correspond to changes in material 
properties, such as reflectance. This signifies the 
basic hypothesis testing problem associated with 
change detection. [5] Change detection by remote 
sensing has wide range of applications such as land-
use/land-cover monitoring, agricultural surveys, 
urban study, ecosystem monitoring, and disaster 
monitoring. The reliability of the information 
gathered from hyperspectral remote sensing 
applications is very dependent on the quality of the 
captured data. [6] - [9] 
Despite of the advanced technology used in 
hyperspectral sensors, captured data is not free from 
noises due to differences in light conditions, 
atmospheric conditions, sensor calibration and ground 
moisture at the two acquisition dates that in return 
affect the information extraction, scene and 
considered causes apparent changes interpretation. 
[10], [11]  
 
In this work, the main contribution is applied 
denoising and change detection algorithm in different 
hyperspectral image corrupted by impulse noise and 
analyzing the performance of hyperspectral change 
detection by reduction of impulse noise and without 
noise reduction method.  
 
II. METHODOLOGY 
 
A. Noise reduction method  
Hyperspectral denoising is a classical problem as 
remote sensor captured data corrupted by different 
kind of noise. In this work address reducing impulse 
noise from hyperspectral image. Impulse noise can be 
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classified as fixed valued impulse noise or random 
valued impulse noise. Fixed valued impulse noise is 
also called salt and pepper noise in which each noisy 
pixel have either maximum or minimum intensity 
value. [2] The noise model can be expressed as 
follows: 
 
y = x + n 
 
Where, x is the uncorrupted image, n is noise and y is 
an image corrupted by noise. The image recovery 
problem using analysis prior (AP) formulation can be 
expressed as follows   
 
    ||   ,  0 < p, 
q≤1 
 
Where Dh and Dv are horizontal and vertical finite 
difference operators. 
 
B. Change detection method  
The methodology for the implementation of the 
change detection algorithms in this work are change 
vector analysis (CVA). The principle of CVA is to 
describe the change of individual feature across the 
different phenomena (variables) between limits of 
time (dates) as a vector within the variable space [14] 
The change vectors (CV) are obtained by subtracting 
vectors pixel wise as in image differencing. The CVA 
technique, illustrated in Figure 1, involves two 
variables: magnitude and direction of the change 
vector.  
 

 
Fig.1 Change Vector Analysis [15] 

 
The magnitude image express the amount of change 
as the direction image can be used to inform about the 
degree of change. Thus, it can be used for change and 
no-change classification Changed areas may then be 
described in these terms. This approach can detect all 
changes greater than the identified thresholds and can 
provide detailed change information. 

 
Fig. 2 concept of change vector analysisi [16] 

 
The change vector can be formed as follows:  
 

 
 
The next step is to calculate the magnitude of 
variation among spectral change vectors between the 
images pairs. The magnitude of the change vector is 
calculated by the Euclidean distance formula which 
measures the intensity of change. 
 

 
 
The angle of the vectors, which indicates the nature 
of change that occurred, varies according to the 
number of components used. In other words, each 
vector is a function of the combination of positive or 
negative changes through channels or spectral bands. 
 
III. EXPERIMENTS AND RESULTS 
 
In this section, used dataset called  
neworleans_data.mat and greece_data.mat from 
school. The first set, neworleans_data have a scene 
size of 400 × 300 and 204 bands as shown in Fig. 3. 
The second set of images, greece_data.mat have a 
scene size of 160×160 and 241 bands. The second set 
of images presented in Fig. 4. For this datasets first 
perform analysis prior noise reduction method then 
apply the change vector analysis (CVA) change 
detection method for both datasets, image at time one 
and image at time two. In this study, some bands have 
been taken, however by changing bands denoising and 
change detection   results are improved. For example, 
take all bands but then algorithm takes more time or 
not enough memory. 
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Fig. 3 original image of neworleans_data at time one and two 

and the ground truth 

 
Fig.6 neworleans_data’s noisy Roc curve 

 

 
Fig.7 neworleans_data’s denoised  Roc curve 

 
Fig.5 neworleans_data’s A and B noisy change map and noisy 
difference image. C and D denoised change map and denoised 

difference image. 
 

For evaluate performances of the change with noise 
reduction and without process report the kappa 
coefficients and roc curve. Receiver operating 
characteristic (ROC) curves were employed to 
quantitatively evaluate the detection ability, with a 
ground truth for the change pixels, and compares the 
fraction of detected pixels within the ground truth 
(probability of detection) to fraction of detected 
pixels outside the ground truth (probability of false 
alarm) for the full range of detection thresholds. [12] 
 

 
Fig. 4 original image of Greece_data at time one and two and 

the ground truth 
 

 
Fig.8 greece_data’s A and B noisy change map and noisy 

difference image. C and D denoised change map and denoised 
difference image. 

 

Fig.9 greece_data’s noisy Roc curve 
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Fig.10 greece_data’s denoised  Roc curve 

 
CONCLUSION 

 
In this study, analyze the change detection 
performance by monitoring the accuracy of the 
change vector analysis. The main method is 
compared the CVA results of kappa coefficients and 
roc curve with noise reduction and without noise 
reduction. Analysis prior algorithm is able to reduce 
both salt and pepper noise and random value impulse 
noise from hyperspectral images. And increase the 
performance of the detection of changes, CVA 
method with noise reduction gave most accurate 
results than without noise reduction (Table 1).  
 
Table.1  neworleans and greece data’s kappa coefficients, AUC for 

noisy and denoised change detection 
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