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Abstract: In recent years the research on the Change Detection, applied to data and images obtained
by means of satellite remote sensing, has collected a huge number of publications concerning methods
and algorithms, based on several different approaches. Here we consider the use of wavelets,  and
propose  an  approach  for  change  detection,  which  is  involving  an  anaglyph  maker  software  for
rendering the variations in images. The wavelets used are the Mexican Hat wavelets of ImageJ and the
anaglyph maker software is that developed by Takashi Sekitani, Tokyo.
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Introduction 

Several sets of time series of satellite images and data maps, containing information collected
by  means  of  remote  sensing  technologies,  are  today  available  for  investigations  in  the
research  field  of  Change Detection.  These  sets  of  images  and maps  allow researchers  to
examine a given area, over some specific periods of time, and determine the changes inside of
it  and  the  related  causes  at  the  origin  of  the  variations.  Besides  monitoring  the  local
environments, the trends extrapolated by the Change Detection can be used to forecast the
evolution of the environmental conditions too. Not surprisingly therefore, we find, among the
main subjects of the Change Detection, the analyses of deforestation, polar ice loss and all the
global and local consequences of the Climate Change. 

The methods that are used for studies in the Change Detection research field can be roughly
categorized into the two sets of supervised and unsupervised methods. The former set is based
on  supervised  classification  methods,  which  require  additional  information  to  obtain  the
desired features contained in the images or maps. The latter set performs change detection by
means of a direct comparison of them, without incorporating any additional information [1].
As explained in [1], Change Detection by means of unsupervised methods uses the automatic
analysis of change data, which are generally created as follow. First we have an image (or
map) differencing. Then, this processing is followed by a normalization and vector analyses
[2].  Let  us  remember  that  image  differencing-based  algorithms  accomplish  the  change
detection by subtracting, on a pixel basis, the images acquired at two time instants to produce
a new image called “difference image” [1]. The changes need to be identified in the difference
image. Some methods to detect the changes in images,  referenced in [1], are those given in
[3-5].  Some recent  works  are  given in  [6-14].  In  [15,16],  the  change detection  had been
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applied to the motion of sand dunes. Now, let us consider if we can add further approaches to
the method proposed in the References previously given. 

Wavelets for image feature extraction

In [17-24] we can find publications, which are using wavelets to investigate the features in
images. Among the examples considered we can find also satellite images. As told in the
abstract of [24], although many methods have been developed for feature extraction, "they
commonly focus on only one class of image features". In order to obtain better results for
feature detection, extraction and matching, operators based on wavelets, in particular on the
Mexican Hat wavelet, are used. The result is a precise registration of images [24]. Of course,
we can use the wavelets for the change detection in satellite images too. And here we will
show how to obtain some interesting results.

However,  what  is  a  wavelet?  A  wavelet  is  a  wave-like  oscillation.  Typically,  it  can  be
visualized as a brief oscillation having the form of a wave packet. The functions describing
the  wavelets  are  intentionally  defined  to  have  specific  properties  to  be  useful  for  signal
processing. In fact,  wavelets can be used to deduce specific information from data, which can
be audio signals,  images and so on. In fact, wavelets are used for the analysis of seismograms
too [25].

One of wavelets is the Ricker wavelet, which is given in [25] in the following manner. It is a
zero-phase  wavelet  with  a  central  peak  and  two  smaller  side  lobes.  It  can  be  uniquely
specified with only a single parameter, f , as a function of time as:

 ψ (t)= (1−π 2 f 2 t 2) exp (−π 2 f 2t 2)

The Ricker wavelet is also referred to as the Mexican Hat wavelet,  due to its taking the shape
of a sombrero when used as a 2D image processing kernel. And here, as told before, we will
use this function to have a filter suitable for the edge detection in images. In particular we will
use the ImageJ filter based on the Mexican Hat wavelet. The filtering of the image is made by
means of a convolution based on a specific kernel. The kernel is a matrix the centre of which
corresponds to the source pixel and the other elements correspond to neighbouring pixels. The
destination pixel is calculated by multiplying each source pixel by its corresponding kernel
coefficient  and  adding  the  results.  In  the  tutorial  of  ImageJ  Documentation  Wiki  ,
https://imagejdocu.tudor.lu/gui/process/filters, it is shown a 9 x 9 kernel of a Mexican Hat,
"which does both smoothing and edge detection in one operation". 

Now, let us show the approach that we can use for detecting changes in satellite image.

Mexican Hat Filter and Anaglyph Maker

First,  let  us consider  some time series  of satellite  images,  for instance,  those available  in
Google Earth, and select two images from them (see the Figure 1). We determine the edges in
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the image, using the Mexican Hat filter of ImageJ. The result is given in binary (black and
white) images (Figure 2). The change detection, that is the differences in images, is made by
means of an anaglyph maker  software.  The software was developed by Takashi  Sekitani,
stereoscopic 3D photographer and videographer, member of ISU, NSA & Stereo Club Tokyo.
Software is available at https://www.stereoeye.jp/software/index_e.html .  In the Figure 3, the
edges  of  the  older  satellite  image  (the  left  panels  of  Figs.1  and 2)  are  rendered  in  blue,
whereas the edges of the newer satellite image (right panels in Figs.1 and 2) are given in red. 

 

Figure 1: Fields and roads near Vercelli (Courtesy Google Earth).

 Figure 2: The panels in the Figure 1 after being filtered by means of the Mexican Hat kernel
of ImageJ. 
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Figure 3: The two panels of the Figure 2 have been mixed by means of the Anaglyph Maker
filter developed by Takashi Sekitani, Tokyo.  We can easily appreciate the new roads in the
image, characterized by the red pixels. Black pixels are the edges which are perfectly in the

same position in both panels.

Another example is given in Figs. 4-6. In the following image (Fig.4), we see the older (left
panel) and the newer (right panel) railway station of Porta Susa in Torino.

Figure 4: The railway station Porta Susa (Courtesy Google Earth).
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Figure 5: The panels in the Figure 1 after being filtered by means of the Mexican Hat kernel
of ImageJ. 

Figure 6: The two panels of the Fig.5 have been mixed by means of the Anaglyph Maker
filter developed by Takashi Sekitani, Tokyo.  .
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As made in [26,27] for showing the changes occurred in sand dunes over time, we can decide
to  distinguish the edges in the older and in the newer image by the use of different colours. In
Figs. 3 and 6, we took advantage of an anaglyph maker software to have this colour rendering.
In these Figures, the blue pixels are referring to the older image and the red pixels to the
newer image. The black pixels are those which do not change in the images. In the Figure 3, it
is easy to find the new roads. In the Figure 6, it is easy to see the part of the town which had a
large change: in fact we are evidencing the new railway station of Porta Susa in Torino. Let us
note the large red area near the lower left corner of the image. It is the shadow of a new
building: a skyscraper designed by Renzo Piano.

A further example is given in  Figs. 7 and 8. Also in this case, the wavelet filter of ImageJ has
been used on the two upper panels of Fig. 7 to have the lower panels. The anaglyph maker is
applied to obtain Fig.8. The images are showing an example of urbanization. In fact, it is easy
to evaluate phenomena of urbanization. by means of the proposed approach.

Using  wavelets  for  the  edge  detection,  and  giving  a  different  colour  code  to  the  pixels
belonging to the older image and to the newer image of a time series, we can easily detect the
changes and also have a manner for quantifying the amount of the variation. This can be done
by means of the numbers of red, blue and black pixels in the combined image. The proposed
method for  Change Detection  can  be  considered  as  belonging to  the  set  of  unsupervised
methods.

Figure 7: An example of urbanization (Courtesy Google Earth).
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Figure 8:  We can easily appreciate a phenomenon of urbanization by the red pixels in the
given image. 
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