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ABSTRACT: 
 
Change information of the earth’s surface is becoming more and more important in monitoring the local, regional and global 
resources and environment. The large collection of past and present remote sensing imagery makes it possible to analyze spatio-
temporal pattern of environmental elements and impact of human activities in past decades. Research has been widely reported on 
methodology of remote sensing change detection and monitoring. The present reviews have assorted the detection approaches and 
drawn many useful conclusions. Based on the former classification methods, this article classifies change detection methods from its 
essence into seven groups, including direct comparison, classification, object-oriented method, model method, time-series analysis, 
visual analysis and hybrid methods. At the same time, in pre-processing, the effect and methods of geometric correction and 
radiometric correction is discussed, and in accuracy assessment, this paper summarize the present methods into exterior check and 
interior check and emphasis on that how to get the ground truth. The challenges that the change detection is currently facing and 
possible counter measures are also discussed. 
 
 

1. INTRODUCTION 

Processing of multi-temporal images and change detection has 
been an active research field in remote sensing for decades. 
Although plenty successful application cases have been 
reported on the monitoring and detecting environmental change, 
there are enormous challenges on applying multi-temporal 
imagery to derive timely information on the earth’s 
environment and human activities. In recent years, a great 
progress has been observed to overcome technological 
obstacles by the development of new platforms and sensors. 
The wider availability of large archives of historical images 
also makes long-term change detection and modelling possible. 
Such a development stimulates further investigation in 
developing more advanced image processing methods and new 
approaches in handling image data in the time dimension. Over 
the past years, researchers have put forward large numbers of 
change detection techniques of remote sensing image and 
summarized or classified them from different viewpoints (e.g. 
Singh, 1989; Lu et al., 2004). It has been generally agreed that 
change detection is a complicated and integrated process. No 
existing approach is optimal and applicable to all cases. 
Furthermore, at present the degree of automation is low to 
prevent real-time applications. The previous reviews have 
assorted the detection approaches and drawn many useful 
conclusions (Mouat et al., 1993; Coppin and Bauer, 1996; 
Richard et al., 2005).  
This article does not intent to discuss specific methods or 
algorithms. Instead, the core problem discussed in this paper 
focus on the main three steps of change detection, including re-
processing, change detection methods and accuracy assessment. 
In re-processing step, the effect and methods of geometric 

correction and radiometric correction on change detection is 
discussed. 
 
In change detection classification methods, we do not discuss 
algorithms that are specialized to application-specific object 
classes, our interest here is the new classification methods.  
Change detection approaches are characterized into two broad 
groups: bi-temporal change detection and temporal trajectory 
analysis. Almost all classifications for change detection 
algorithms are based on bi-temporal change detection and little 
care for temporal trajectory analysis. Here we consider both of 
them. For bi-temporal images change detection any kind of 
detection algorithm can be attributed to one of the following 
three kinds of methods: directly compare different data sources, 
compare extracted information and detect changes by bringing 
all the data sources into a uniform model. Temporal trajectory 
analysis can be decomposed into bi-temporal change detection 
and long time-serial analysis. Finally, this article classifies 
change detection methods from its essence into seven groups, 
including direct comparison, classification, object-oriented 
method, model method, time-series analysis, visual analysis 
and hybrid methods.  
 
In accuracy assessment step, we summarize the present 
methods into exterior check and interior check and emphasis on 
that how to get the ground truth. In the end, it points out the 
challenges that the change detection is faced with and possible 
three counter measures from the viewpoint of theories and 
methods. 
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2. IMAGE PRE-PROCESSING FOR CHANGE 
DETECTION 

Although requirements on image pre-processing way vary 
among different change detection methods, multitemporal 
radiometric corrections and image registration are important 
and indispensable steps. 
 
2.1 Radiometric correction 

Radiometric conditions can be influenced by many factors such 
as different imaging seasons or dates, different solar altitudes, 
different angles, different meteorologic conditions and 
different cover areas of cloud, rain or snow etc. And it may 
affect accuracy of most of change detection algorithms. So 
before change detection, it is usually necessary to carry out 
radiometric correction (Leonardo et al. 2006). 
 
Radiometric correction is to remove or reduce the 
inconsistency between the values surveyed by sensors and the 
spectral reflectivity and spectral radiation brightness of the 
objects, which encompasses absolute radiometric correction 
and relative radiometric correction. Absolute radiometric 
correction mainly rectifies the radiation distortion that is 
irrelevant to the radiation features of the object surface and is 
caused by the state of sensors, solar illumination, and 
dispersion and absorption of atmospheric etc. The typical 
methods mainly consist of adjusting the radiation value to the 
standard value with the transmission code of atmospheric 
radiation, adjusting the radiation value to the standard value 
with spectral curves in the lab, adjusting the radiation value to 
the standard value with dark object and transmission code of 
radiation, rectifying the scene by removing the dark objects 
and so on. Due to the fact that it is expensive and impractical to 
survey the atmospheric parameter and ground objects of the 
current data, and almost impossible to survey that of the 
historical data, it is difficult to implement absolute radiometric 
correction in most situations in reality. During relative 
radiometric correction, an image is regarded as reference image. 
And then adjust the radiation features of another image to make 
it match with the former one. Main methods consist of 
correction by histogram regularization and correction with 
fixed object. This kind of correction can remove or reduce the 
effects of atmosphere, sensor, and other noises. In addition, it 
has simple algorithm. So it has been widely used.  
 
The radiation algorithms that are most frequently used at 
present in the preprocessing of change detection mainly 
consists of image regression method, pseudo-invariant features, 
dark set and bright set normalization, no-change set 
radiometric normalization, histogram matching, second 
simulation of the satellite signal in the solar spectrum and so on. 
It should be pointed that radiometric correction isn’t necessary 
for all change detection methods. Although some scholars hold 
that radiometric corrections are necessary in multi-sensor land 
cover change analysis (Leonardo et al. 2006), studies have 
shown that if the obtained spectral signal comes from the 
images to be classified, it is unnecessary to conduct 
atmospheric correction before the change detection of post-
classification comparison. For those change detection 
algorithms based on feature, object comparison, radiometric 
correction is often unnecessary. 
 

2.2 Image registration 

Precise registration to the multi-temporal images is required by 
many change detection methods. The importance of accurate 
spatial registration of multi-temporal imagery is obvious 
because largely spurious results of change detection will be 
produced if there is misregistration. If high registration 
accuracy isn’t available, a great deal of false change area in the 
scene will be caused by image displacement. It is generally 
agreed that geometrical registration accuracy of sub-pixel level 
is accepted.  
It can be seen that geometrical registration accuracy of sub-
pixel level is necessary to change detection. However, it is 
doubtful whether this result is suitable for all registration data 
sources & all detection objects and if suitable how much it is. 
Another problem is whether this result has no influence on all 
change detection methods and applications and if there is any 
influence how much it is. These problems are worth to be 
studied further. On the other hand, it is difficult to implement 
high accuracy registration between multi-temporal especially 
multi-sensor remote sensing images due to many factors, such 
as imaging models, imaging angles and conditions, curvature 
and rotation of the earth and so on. Especially in the 
mountainous region and urban area, general image registration 
methods are ineffective and ortho-rectification is needed. 
 
Although geometrical registration of high accuracy is 
necessary to the pixel-based methods (like algebra method and 
classification), it is unnecessary for all change detection 
methods. For the feature-based change detection methods like 
object-oriented method, the so-called “buffer detection” 
algorithm can be employed to compare the extracted features 
or objects and in this way the harsh requirement of accurate 
registration can be avoided (Li et al. 2002). However, at 
present little research has been done into how much 
registration accuracy error is tolerable for each kind of object. 
In order to avoid image registration impact on change detection, 
a good method is to develop a new algorithm which integrate 
image registration and change detection simultaneously. The 
core idea of this algorithm is to make full use of no-change 
objects as foundation of image registration, iteratively 
registering images and detecting change until given conditions 
convergence. Accumulation of registration errors in traditional 
methods can be overcome in this method and detection 
accuracy can be improved. The main disadvantage of this 
method is that algorithm is complex and difficult than 
traditional algorithms. Zhang (2005) has studied the polygon-
based method of solving image registration and change 
detection integrally, which regards change detection as a 
matching process between GIS and area object features of 
remote sensing images. Experiments shown this method 
overcome the accumulation of registration errors in traditional 
methods and get good test results. 
 
 

3. CHANGE DETECTION METHODS AND 
ALGORITHMS 

In the past years a variety of change detection techniques have 
been developed and efforts have been made to produce 
comprehensive summary and review on these methods. As one 
of the pioneer works, Singh (1989) classified change detection 
methods into two types, namely, classification comparison and 
direct comparison. Deer (1999) proposed a classification of 
three categories, including pixel-based, feature-based and 
object-based change detection. According to image registration 
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and data sources, Li et al. (2002) classified change detection 
methods into two types among seven methods. More recent 
reviews were made by Lu et al. (2004) and Richard et al. 
(2005). Lu et al. (2004) generalized the change detection 
methods into seven types, namely, arithmetic operation, 
transformation, classification comparison, advanced models, 
GIS integration, visual analysis and some other methods. They 
also discussed pre-processing of change detection, choice of 
the threshold value and accuracy assessment in detail. Richard 
et al. (2005) summarized change detection methods in general 
terms and propose a classification of direct difference, 
statistical hypothesis testing, predictive models, shading model, 
and background modelling and so on. He emphasized the 
classification of change detection methods but did not solely 
focus on those in remote sensing. 
 
Obviously, different classification benchmark results in 
different classification methods. Based on the former 
classification methods, this article classifies change detection 
from its essence. Change detection approaches can be 
characterized into two broad groups, namely, bi-temporal 
change detection and temporal trajectory analysis. The former 
measures changes based on a ‘two-epoch’ timescale, i.e. the 
comparison between two dates. The latter analyses the changes 
based on a ‘continuous’ timescale, i.e. the focus of the analysis 
is not only on what has changed between dates, but also on the 
progress of the change over the period. At present, most change 
detection methods belong to bi-temporal change detection 
approach. Almost all classifications for change detection 
algorithms are based on bi-temporal change detection with 
little attention on temporal trajectory analysis. 
 
For bi-temporal change detection, detection algorithms can be 
attributed to one of the three approaches, namely, directly 
comparing different data sources (direct comparison method), 
comparing extracted information (post-analysis comparison 
method) and integrating all data sources into a uniform model 
(uniform modelling method). The detection elements of direct 
comparison method include pixel, basic image features and 
transformed features. The texture features and edge features are 
always taken as basic image features. For multispectral 
remotely-sensed images, transformation is often an important 
procedure. The detection elements of post-analysis comparison 
method mainly include objects extracted from images. Based 
on two most widely-used methods for object extraction, 
namely, image classification and feature extraction, 
comparison between objects after classification and feature 
extraction are typical for the post-analysis comparison method. 
According to modelling strategies, the uniform modelling 
method can be categorised as modelling for detection methods 
and modelling for detection process. 
 
Comparing with the bi-temporal change detection, the temporal 
trajectory analysis emphasize more on discovering the trend of 
change by constructing the ‘curves’ or ‘profiles’ of 
multitemporal data. From the viewpoint of processing methods, 
temporal trajectory analysis can be decomposed into bi-
temporal change detection and then relative post-processing is 
implemented after the bi-temporal change detection. On the 
other hand, the so-called long time-series analysis method can 
be employed for temporal trajectory analysis. Another 

important application of temporal trajectory analysis is real-
time change detection such as video image sequences analysis. 
Considering above and for the ease of discussion, we hereby 
present the methods of change detection into seven categories 
(figure 1), namely, direct comparison, classification, object-
oriented method, model method, time-series analysis, visual 
analysis and hybrid method. 
 
3.1 Object-oriented method 

Object-oriented method is also called object-based comparison 
method. The basic strategy is to extract objects from 
multitemporal images using image segmentation and other 
feature extraction algorithms and distinguish the changes 
between corresponding objects. Typically this method is 
applied to applications such as change detection of man-made 
objects on high-resolution images, urban data updating, and 
military reconnaissance. This method compares the extracted 
objects directly, so it is not sensitive to data noises and 
geometric distortion. Two critical issues need to be addressed, 
namely, the methods to compare objects and to identify the 
changes between objects. Sui (2002) proposed the ‘buffer 
detection’ algorithm for the object comparison. Ancillary 
information, e.g. digital maps from GIS, can be used in the 
object-oriented method. Works with the focus on the 
integration of GIS for change detection includes. The powerful 
GIS functions provide efficient tools for multi-source data 
processing and change detection analysis, so that one can 
expect more works taking this approach as a generic trend in 
change detection (Lu et al. 2004). 
 
The critical challenge of the object-oriented method is the 
object detection and segmentation. Because feature and object 
extraction from images is often difficult and prone to error, in 
practice this method is mostly applied to image-to-map and 
rarely used for image-to-image change detection. To overcome 
the difficulty of object extraction, a knowledge-based system is 
often employed. Another approach is to improve the method of 
image segmentation techniques, so that more efficient and 
accurate object extraction can be achieved. 
 
3.2 Model method 

The model method is a more application-oriented change 
detection method. Different from general change detection 
methods such as direct comparison and classification, this 
method can perceive the essential rules of application issues 
and take change as the core elements to construct mathematical 
models. The basic strategy is to adopt uniform models that 
integrate all procedures and methods. Generally this method 
can be grouped into two kinds, namely, models based on 
processing approaches (approach-based models) and models 
based on the course of processing (process-based models). The 
advantage of the model method is that it considers all factors 
for change detection and can obtain best results. And it is 
simple to apply and can be used for H-type change detection 
problem. However, the greatest challenge in this approach is 
how to construct suitable models. Even existing suitable 
models, the application problem is so complex that a lot of 
parameters is difficult to be obtained.  
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Figure1. Classification concept of change detection algorithms 
 

In general, the approach-based models are to model the change 
contents according to certain postulate conditions, which often 
closely simulate the actual situations for given applications. 
The process-based models are to model the process of change 
detection. All procedures of the change detection are integrated 
into a uniform framework and are considered as a whole. It 
should be pointed that it is possible and necessary to combine 
the approach-based with process-based model methods. 
However, at present few works has been reported on this 
approach. 
 
3.3 Time series analysis 

Time series analysis is mainly used for temporal trajectory 
analysis. In contrast to bi-temporal change detection, the 
temporal trajectory analysis is mostly based on low spatial 
resolution images such as AVHRR and MODIS, which have a 
high temporal resolution. The trade-off of using these images, 
however, is the lost of spatial details that makes auto-
classification very difficult, so that the temporal trajectory 
analysis is commonly restricted in, for example, vegetation 
dynamics in large areas, or change trajectories of individual 
land cover classes. Quantitative parameters such as normalized 
difference vegetation index (NDVI) or area of given land cover 
class are often used as the dependent variables for the 
establishment of change trajectories. 
 
Two approaches are common for time series analysis, namely, 
long-time serial analysis and real-time image sequences 
analysis. For non-real-time long-time serial analysis change 
detection, dynamic Bayesian network seems a good tool. The 
method uses the time-series dynamic data to produce reliable 
probabilistic reasoning, which can make both static and 
dynamic analysis on the change detection of remote sensing 
images. 
 
Although traditional video change detection is based on general 
video monitoring that is widely applied in bank, traffic control 

and manifacture, techniques of videography has now been 
applied to aero-survey and space-borne remote sensing. The 
real-time image sequences analysis can therefore be used for 
temporal trajectory analysis. Video monitoring sequence 
images have high sampling rate in time with large data volume. 
Moreover, the difference between two sequence images can be 
quite large, and sometimes the image quality can be quite poor. 
To efficiently apply video monitoring sequence images to 
change detection, new challenges are faced to adopt techniques 
applied in video monitoring fields such as optic flow 
techniques, Kalman filtering and tracking and background 
modelling. 
 
3.4 Hybrid methods 

A hybrid method refers to a comprehensive use of two or more 
methods mentioned above for change detection processing. 
There exist two typical hybrid kinds: one is to use different 
detection methods in different detection phases or procedures 
(procedure-based hybrid analysis) and another is to use 
different change detection methods respectively and then 
analyze their results comprehensively (result-based hybrid 
analysis). The advantage of this method is to make full use of 
virtues of many algorithms and obtain better change detection 
results than single method. However, for specific application 
case how to select hybrid methods is difficult and it is confused 
to harmonize detection results conflicts caused by different 
methods. These problems result in complex algorithm and low 
efficiency. 
 
For the procedure-based hybrid analysis, the combination of 
classification and algebraic method is popular. The 
combination of Classification and Object-oriented method is 
more and more. Previous researches have shown that a 
combination of two change detection techniques, such as image 
differencing and PCA, NDVI and PCA, or PCA and CVA, 
could improve the change detection results. For the result-
based hybrid analysis, decision-making fusion strategies such 
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as voting and fuzzy logic etc. are widely applied. This method 
is very flexible but right of each method is difficult to decide 
and conflict results are often at risk. 
 
Theoretically speaking the hybrid method is very good method. 
However, it is difficult to select best combination for given 
application case and classical trial-and-error procedure has to 
be used so problems become more complex. These reasons 
limit widespread application to the hybrid method. Although 
general principles to choose hybrid algorithms can be described 
such as combination of different data sources, combination of 
different features, combination of different detection levels and 
so on, it is still puzzled to choose combination because 
different application same combination results may be different. 
But without doubt the hybrid method is one of future trends. 
On the other hand, the fusion of the procedure-based hybrid 
analysis and the result-based hybrid analysis is worth to be 
given more attention especially for multi-data sources change 
detection. 
 
Aiming at different applications, a large number of change 
detection applications have been implemented and different 
change detection techniques have been tested. However, last 
conclusion is no single method is suitable and universal for all 
application cases even if for specific application choosing best 
method is unknown influenced by different data sources, image 
quality, characteristics of the study area, an analyst’s 
knowledge of the change detection methods and the skill in 
handling remote sensing data. Because of the difficulty in 
identifying a suitable method, in practice different change 
detection techniques are often tested and compared to provide a 
best result based on the accuracy assessment or qualitative 
assessment (Lu et al. 2004). Although accuracy assessment of 
change detection is not new topic, a comprehensive analysis 
and evaluation of change detection methods need to be studied 
further. 

 
 

4. ACCURACY ASSESSMENT FOR CHANGE 
DETECTION 

The accuracy of change detection depends on many factors, 
including precise geometric registration and calibration or 
normalization, availability and quality of ground reference data, 
the complexity of landscape and environment, methods or 
algorithms used, the analyst’s skills and experience, and time 
and cost restrictions. Shao (2006) summarised the main errors 
in change detection including errors in data (e.g. image 
resolution, accuracy of location and image quality), errors 
caused by pre-processing (the accuracy of geometric correction 
and radiometric correction), errors caused by change detection 
methods and processes (e.g. classification and data extraction 
error), errors in field survey (e.g. accuracy of ground reference) 
and errors caused by post processing. 
 
Accuracy assessment techniques in change detection originate 
from those of remote sensing images classification. It is natural 
to extend the accuracy assessment techniques for processing 
single time image to that of bi-temporal or multitemporal 
images. Among various assessment techniques, the most 
efficient and widely-used is the error matrix of classification. 
In recent years, some alternative methods are also used in 
analyzing and evaluating the change detection of land cover. 
Since it is often difficult, if not impossible, to collect reliable 
multitemporal ground reference datasets, some alternative 

approaches have to be employed for the assessment of change 
detection accuracy. There are three general approaches to 
obtain the ground references for bi-temporal change detection, 
namely, field survey with the assistance of historical GIS data, 
simultaneous, or within the time proximity, high-resolution 
images, and visual interpretation. Each of the three methods 
has its own advantages and disadvantages, and they are 
dependent upon the application.. For long-time temporal 
trajectory change detection, it is more difficult to obtain the 
ground reference data. When the ground reference is 
unavailable, the consistency check rules are often employed to 
assess accuracy. Liu and Zhou (2004) proposed an accuracy 
analysis of time series of remote sensing change detection by 
rule-based rationality evaluation with post-classification 
comparison. 
 
At the present, accuracy assessment of change detection is 
mainly based on pixel and little work has been done to assess 
accuracy for feature-level or object-level change detection. 
Furthermore, more effort is needed on the accuracy assessment 
for change detection of long-time sequence images, especially 
when the ground reference data is insufficient or impossible to 
obtain. For these cases, the accuracy assessment methodology 
needs to be considered from a new viewpoint. 
 
 

5. DISCUSSION AND RECOMMENDATION 

Change detection of remote sensing image is mainly faced with 
three core problems: the first is the process from ground 
objects to image is not reversible; the second is the entire 
reconstruction from image change to change of the earth’s 
surface is impossible; and the third is significant changes are 
inevitably influenced by other unimportant changes because 
common changes exist with the ground objects. Obviously 
these three problems is rightly the reason why no an algorithm 
can satisfy all cases. If these three problems can not be solved, 
change detection techniques can not implanted completely. In 
order to solve these problems, we present possible approaches 
including the utilization of the multi-source data, priori 
information and intelligent methods. For the first problem, it is 
possible to adopt multi-source data to make up the deficiency 
between the ground objects and images. The multi-source data 
including multi-sensor remote sensing images, multi-temporal 
remote sensing images, GIS data, and the ground-related data 
etc. can be used to describe different characteristics of objects 
from different angles. The priori information and knowledge is 
very important for the second problem. Of course multi-source 
data is also necessary. For the third problem it is the core to 
employ intelligent change detection methods to increase 
detection data and reduce information loss during processing. 
Changes of the multi-temporal images are usually non-linear, 
so they are quite complicated. It seems that non-linear change 
detection theories and methods have great significance in 
solving change detection. Relative techniques including pattern 
recognition, ANN, kernel theory, data mining, knowledge 
discovery and so on should be more tightly integrated with 
change detection methods. 
 
With the continuous development of computer network, space 
technology and remote sensing, demand on automated, real-
time and in-orbit processing become more urgent than ever 
before for change detection. To achieve this, the challenges to 
the technology include the full automation for image 
registration, image matching, feature extraction, image 
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interpretation, image fusion, data-cleaning, image classification, 
and data mining and knowledge discovery from GIS database. 
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