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ABSTRACT: The performances of a new change detection methodology based on the analysis of pre and post
change scattergrams (2D spectral domains) has been evaluated, through a comparative study with two other
methodologies: a pre-classification and a post-classification method. The pre-classification methodology uses 
an unsupervised method based on the so-called "difference image" technique by change vector analysis
(CVA) of pairs of pixel values at both times. The post-classification methodology is inspired on an unsuper-
vised method (AutoChange) also, using clustering in two phases for change detection and identification.
Multitemporal data sets of three multispectral images acquired by the Landsat 7 Thematic Mapper (ETM+)
sensor, corresponding to the geographical area of Madrid countryside have been used for the comparative
study. In this paper, it has been proven that the proposed method presents some outstanding features as com-
pared with other change detection methods available in the literature. The developed method can be applied to 
determine very easily and accurately training areas associated to degraded zones for a further classification 
process.

1 INTRODUCTION

In the last thirty years, the number of terrestrial ob-
servation satellites has grown considerably at the 
same time as the precision of registered data. This 
increase has taken place due to the improvements in  
aerospatial technology. Thanks to these advances, 
the terrestrial cover amount of information has been 
increased spectacularly. One of the most interesting 
applications of these observations constitutes the 
change detection of the Earth's surface caused by 
human activities or natural phenomena.  

These change detection studies imply the treat-
ment of multitemporal remotely sensed images ac-
quired in the same geographical area. 

Many digital change detection techniques have 
been developed for this purpose. Traditional remote 
sensing methods for changes can be broadly divided 
into two categories (Metternicht 1999): pre-
classification and post-classification. Jensen in 1997 
stated that post-classification comparison of changes 
is the most commonly used method for quantitative 
analysis. It requires a complete classification of the 
individual dates of remotely sensed data, whereupon 
the operator produces a matrix of change that identi-
fies ‘from–to’ land cover change classes. The main 

drawback with this method is that errors in the 
individual data classification map will also be 
present in the final change detection. 

On the other hand, pre-classification methods de-
tect changes due to variations in the brightness va-
lues of the images being compared. Applying any of 
these approaches, the operator can identify areas of 
changes, but is unable to label the kind of change. 
Moreover, this kind of method requires a previous 
geo-referenced or co-registered image processing. 
The following pre-classification approaches are 
commonly used: 

Image difference. The computed difference 
image is such that the values of pixels associa-
ted with land cover changes present values 
significantly different from those of the pixels 
associated with unchanged areas. 

Image ratio. One or more bands in an image 
are ratioed band by band, and the data com-
pared on a pixel-a-pixel basis. 

Principal Component Analysis (PCA). It is 
possible to obtain land cover change informa-
tion from determined principal component 
multitemporal images. 
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The high computational cost involved in testing a 
great volume of these remotely sensed data makes 
necessary the use of fast and automatic methods.  

Recently a new method based on scattergram (2D 
spectral domains) has been proposed in the literature 
(Gonzalo 2002). 

The objective of this work is the evaluation of the 
performances of this new change detection metho-
dology. A comparative study with two other meth-
odologies based on two main approaches: a pre-
classification and a post-classification method, has 
been carried out. The pre-classification methodology 
uses an unsupervised method based in the called 
"difference image" technique (Bruzonne 2000) 
(Fung 1990) by change vector analysis (CVA) of 
pairs of pixel values at both times. The post-
classification methodology has been inspired in the 
unsupervised method, AutoChange (Häme 1998), 
which uses clustering in two phases for change de-
tection and identification.  

The new proposed method implies a simple set of 
steps. Different combinations of two ETM (Landsat 
7) spectral bands should be analyzed and compared 
for images pre-change and post-change, in order to 
determine the best spectral domain (scattergram) 
(Arquero 1998), where the change discrimination is 
optimum, i.e., where the differences between the 
pre-change and post-change scattergrams are more 
noticeable. Thus the areas associated visually to 
changes should be selected in the spectral domain 
investigated and the corresponding pixels located in 
the spatial domain. Spectral restrictions can be de-

termined through spatial knowledge about the 
changed area, the characteristic spectral answer of 
some change and any other kind of information 
available for the particular case considered. 

2 DATA SET DESCRIPTION  

In order to assess the effectiveness of the methodo- 
logy proposed (Gonzalo 2002) carried out the com-
parative study, ETM+ data from two images 
(201/32), registered on 20 August 1999 and on 22 
August 2000. These images are centred on the 
Community of Madrid (Spain). A Mediterranean 
landscape characterizes this geographical area. 
Therefore the natural land covers more frequently 
found here are: pine forest, brushwood, Mediterra-
nean forest and different kinds of soil covers. On the 
other hand, this area also presents different land 
covers peculiar to the countryside around a large 
city, such as: building land, roads, highways, dam 
and rubbish dump. 

Three different pre and post change scenes have 
been chosen from the whole images. Each of them 
has allowed studying a different kind of transitions: 
burnt forest, natural land covers suppressed for their 
urbanization (building land) and dried up watery co- 
vers. Pre and post change scenes are displayed in the 
first and second lines of Figure1, respectively. Red 
circles mark areas changed by the transition to be 
investigated. 

Figure 1. Images used in the study. First and second lines display pre and post change images (ETM5), respec-
tively for different land covers transitions: a) burnt forest, b) dried up watery cover and c) building land. 
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3 METHODOLOGY AND RESULTS 

3.1 Pre-classification methodology: Difference 
image

In the pre-classification methodology, Bruzonne et
al. (2000) suggest to define the problem of the 
analysis of the difference image for unsupervised 
change detection in terms of the Bayes decision the-
ory. The application of this theory requires the esti-
mations of the a priori probabilities and of the con-
ditional density functions for the classes associated 
with the unchanged and changed pixels in the differ-
ence image. The iterative algorithm proposed in this 
methodology is initialized after applying a thres-
holding strategy to the difference-image histograms 
for the different bands. The thresholds determination 
is a critical aspect of this methodology, being re-
quired a trial-error study, to obtain good results.

The best change detection maps obtained in the 
three cases (burnt forest, building land and dried up 
watery), for the optimal threshold values experimen-
tally obtained, are displayed in Figure 2. In this fig-
ure each column corresponding to a different ETM+ 
spectral bands (1 to 5 and 7, left to right).

For the burnt forest, the best result is obtained in 
the case of ETM7 band. It can be observed pixels of 
change groupings contained in homogeneous areas 
without appearing disseminate noise pixels. In the 
left superior area a great grouping of pixels corre-
sponds with the burnt area. Field supervision con-
firms this result. In the lower right corner, a small 
population of pixels (water reservoir borders) is de-
tected. This means that this method is incapable of 

discriminating different kinds of changes.
Due to similarities between the spectral answers 

of all changed land cover considered, it can be ex-
pected that the dried up watery and building land 
changes were correctly detected at ETM7 band as it 
can be observed in the last two columns of Figure 2. 
Even though in these two cases, changes have been 
detected with little noise, the profile of detected ar-
eas is not very precise. 

3.2 Post-classification methodology

In this methodology, as first step, the selection of 
training areas has been carried out from the first im-
age. This process has been optimized (Arquero 
1998) and requires a scattergram (2D spectral do-
mains) supervising methodology to obtain homoge-
neous areas.

In order to determine the homogeneity grade of 
the selected areas, statistics parameters like typical 
deviation and covariance matrix are evaluated. In 
this sense, no homogeneous areas are discarded. 
Once the training areas for the earlier image are 
validated, they are pasted on the later image. After 
that, supervised thematic classifications (two im-
ages) with the selected training areas are carried out. 
A comparative study between the statistical parame-
ters of both classified images has been performed. 
That allows one detecting those pixels that have suf-
fered changes, which are iterative clustering until the 
change area is clearly observed. Three clustering al-
gorithms are implemented: Maximum Probability, 
Minimal Distance and Mahalanobis Distance. A 
flow scheme of the overall process, showing the 

Figure 2. Change detection maps obtained from Pre-classification Methodology: Difference Image for the burn 
forest (first line), dried up watery (second line) and building land (third line) scenes. 
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main phases is presented in Figure 3. Input and out-
put are shown as rectangles and the process as ovals. 

The change detection map obtained in the three 
studied scenes (burnt forest, building land and dried 
up watery) by using the methodology described 
above, are displayed at Figure 4. In this figure are 
shown the best results obtained for the three cluster-
ing algorithms (Maximum Probability, Minimal Dis-
tance and Mahalanobis Distance) and the corres-
ponding thresholds considered in each case. 

In Figure 4, it can also be observed that the Ma-
halanobis Distance and Maximum Probability algo-
rithms provide great burnt forest change detection 
maps. In these cases, the noise is lower than for the 
other algorithm. Minimal Distance defines the burnt 
area but detects sparse sets of pixels that do not cor-
respond to the transition studied. 

For the dried up watery case, the small percentage 
of change pixels in the whole scene did not allow to 
determine appropriate threshold values for detecting 
changes in this scene.

Even though the three algorithms detect a very 
similar area of change in the building land case, it 
should be noted that the Minimum Distance algo-
rithm introduces less noise. 

3.3 2D Spectral domains restriction methodology 

A comparative study between different scattergrams 
(2D spectral bands) has determined the optimum 
spectral domains for detecting different kinds of land 
cover changes. Pre and post change scattergrams are 
displayed in the first and second lines of Figure 5. 
The set of pixels associated to each degradation is 
located into the polygon drawn over the corres-
ponding post change scattergram. Spatial localiza-
tion of these pixels provides an overestimation of 
change area; therefore, spectral restriction should be 
applied to refine the detected change area. 

Table 1 shows spectral features used for detecting 
land covers transitions. Original and degraded land 
covers are represented at the two first columns. The 
third column shows spectral band pairs, which de-
fine the optimum spectral domain for each case. The 
heuristic spectral restrictions, used to refine the pix-
els belonging to the change class for each cover con-
sidered, are summarized in the last column of this 

Figure 3. Flow scheme of the post-classification metho-
dology 

First Image Second Image 

Classification Classification 

Stats. Param. Stats. Param. 

Comparation 

Change cluster
detection

Mean
probabilities

Clustering

CHANGE
AREA

Maximum threshold
Minimum threshold 

39/73

Maximum 
Probability

Minimum 
Distance

45/100

Mahalanobis
Distance

5/10

20/40 45/80 3/6

35/76 100/188 4.5/8.5

Figure 4. Change detection maps provided by Post-classi-
fication Methodology for burnt forest (first line), dried up 
watery (second line) and building land (third line) scenes. 
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table. Means spectral signatures associated to repre-
sentative pixels of change areas have been used for 
supervising initial spectral restriction. Moreover the 
final spectral restriction for burnt forest detection 
has been based in previous studies (Jabauskas 1990). 
For the other two cases, using ancillary information 
about areas affected by studied changes has refined 
them.  

Table 1. Spectral features used for detecting degraded natural 
covers. 

Original 

Land Cover 

Degraded  

Land Cover 

Spectral

Domains 

Restriction 

Forest  Burnt forest TM7-TM4 TM7/ TM4>2 

Watery 

cover 

Dried up watery

cover 

TM1-TM4 TM1/ TM4>1.3  

TM7>113 

TM5>134 

Natural soil Building land TM7-TM4 TM7/ TM4>1.37 

TM4>115 

Natural soil Dark land TM7-TM4 TM7/TM4>2.2 

TM4<50

Figure 6 displays the results given for the pro-
posed methodology. It shows change detection maps 
for the three considered scenes. Firstly, it should be 
noted that the shape and size of burnt forest detected 
area are very similar to those provided by the other 
two methodologies. Nevertheless this method is able 
to decrease noise noticeably, as well as the contribu-
tion of other kinds of changes.

Several aspects should be pointed out in the de-
tection of dried up watery cover. Even though visual 
change determination is very evident, results sup-
plied by the post-classification methodology ad-
vance difficulties for detecting this change. In fact, it 
has been very hard to find an adequate scattergram 
to apply the automatic methodology proposed. As a 
consequence of that, spectral restrictions in addi-
tional bands have been necessary. 

A visual comparison among the scenes pre and 
post change, together with the obtained results 
through the previous methodologies, shows the ad-

vantage of this methodology to detect the transition 
of natural soil to building land. It can be observed 
that in this last method the profile of the changed 
area (Figure 1) has been correctly determined, and 
also the amount of noise present in the change detec-
tion map is substantially lower than for the other two 
methods.  

Comparison between the pre and post scattergram 
for this last scene has allowed detecting other kinds 
of change hardly identifiable by the previous visual 
analysis. The fourth line of Table 1 shows the spec-
tral restriction determined for this change. Figure 7 
shows the change map detection for this transition, 
which can be associated as a change from natural 
soil to dark soil.  

Figure 5. Pre (first line) and post change (second line) 2D 
spectral domains (scattergrams) for di-fferent scenes: a) 
burnt forest (TM7/TM4), b) dried watery cover (TM1/
TM4) and c) building land and dark soil (TM7/TM4). 

a) b) c)

Figure 6. Change detection maps obtained from the methodology 2D Spectral Domains Restriction for the burn forest 
scene (first column), dried up watery scene (second column) and building land (third column) scenes. 
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4 CONCLUSIONS 

The performances of a new change detection meth-
odology based on the analysis of pre and post 
change scattergrams has been evaluated, through a 
comparative study with other two methodologies: a 
pre-classification and a post-classification method. 

In this paper, it has been proven that the proposed 
method presents some outstanding features against 
other change detection methods available in the lit-
erature. First, it should be noted that since change 
detection is determined, in this case, in the spectral 
domain then geometrical correction is not a critical 
point. Moreover no previous thematic classification 
is required.

Since a previous and automatic study permits to 
reduce the number of spectral bands to be used in 
the change detection process, the proposed method-
ology determines the changed area in a very fast 
way.

From the results shown in this work, it can be as-
serted that the proposed methodology allows one to 
customize the kind of change to be detected, against 
other methodologies, which detected all present 
changes in a scene. Also, it has been demonstrated 
that the change detection results do not depend on 
the percentage of change pixels relative to the total 
number of pixels in the whole scene. On the other 
hand, this methodology has allowed detecting other 
kinds of change hardly identifiable by the previous 
visual analysis. 

It should be noted that selected scenes for this 
study present some characteristics that render diffi-
cult specific change detection. Thus, a high percent-
age of bare soil cover is presented in all of them. 
Moreover, in all degradations studied in this work, 
natural covers develop to bare soils, with very simi-
lar spectral answers. In this sense, the results ob-
tained can be considered as successful. In addition, it 
can be hoped that the application of this methodol-
ogy to scenes spectrally more heterogeneous, will al-
low obtaining even better results. 

From the above discussion, it can be concluded 
that the developed method can be applied to deter-
mine in a very easy way  accurate training areas as-
sociated to degraded zones for a further classifica-
tion process.
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