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Abstract— Change detection is the process of automatically identifying and analyzing region that have undergone spatial or spectral changes
from multi temporal images. Detecting and representing change provides valuable information of the possible transformations a given scene has
suffered over time. Change detection is used in several applications (eg. Disaster management, deforestation, urbanization, etc). In this paper a
new unsupervised method for change map generation is proposed. Here two multitemporal images are taken as input. In the first step of the
approach, absolute-valued difference image and absolute-valued log-ratio image is calculated from co-registered and radiometrically corrected
multi-temporal images. These difference images are fused using Discrete Wavelet Transform (DWT). Then, min-mean normalization is applied
to the filtered data. The normalized data is clustered into two groups using K-means clustering algorithm as changed pixels and unchanged
pixels. To show effectiveness of proposed system, fused image data is given to Principal Component Analysis (PCA) and clustering is done
using K-means algorithm. This result is compared with earlier process to show effectiveness of proposed system.
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*hkkkk

. INTRODUCTION Unsupervised method, difference image, PCA and k-means
clustering is used [1] which generate change map. On other
hand other methods like DWT, backtrack search algorithm [5]
can be used. To calculate difference image in unsupervised
methods, image differencing [1], ratioing[2], PCA, etc can be
use[9].

In recent year, the vast improvement and availability of
multitemporal satellite images give rise to enhancement as
well development of various applications related to
urbanization, environmental monitoring, land  cover
management. Change detection plays very important roles in
such application. In Change detection, Supervised and
Unsupervised learning mechanism are more prominently used. The proposed system approach is as follows:
In past decade so many improvisation has been introduced in

those methods. Supervised change detection is based on Mult-temporal Mult-temporal
training set. Unsupervised mechanism is automated change z_’ Imagz 1 ; /  Imagel ;
detection process in which, training set is not required. Later
approach is proposed in this paper. The change data are

generated using following methods as image differencing, /\

Il.  PROPOSED METHODOLOGY

image ratioing, PCA, DWT, CVA. Most of the unsupervised [ Imace Differsncinz ] [ Imags Rativing ]
change detection methods are developed using image T
differencing algorithm. Image differencing algorithm detects ‘ |

changes based on pixels by pixels subtractions, the new image
obtained is called difference image. The computed difference
image is such that the values of the pixels associated with land Mineen normalization

cover or land use changes present values significantly different
from those of the pixels associated with unchanged areas. In

‘ DWT Basad Imags Fusion using ‘

this paper, an effective approach of unsupervised change map [ Faturs Extraction ] ‘ Clustering Using K- ‘
uszing PCA

generation has introduced. In which difference image and ratio
image is used. This two images are fused using DWT with
various wavelets families. This fused image is clustered into
changed and unchanged pixels data using k-means clustering Clustering Using
algorithm.

Comparative  measurements is done using another
unsupervised method, in which fused image data features
extraction is done using PCA, changed and unchanged pixels
are clustered using k-means clustering algorithm. In Figurel. Proposed approached
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A. Image differncing

To calculate difference image using multitemporal input
images, image differencing algebraic operation is performed.
Using pixel level subtraction i.e.difference image. The
computed difference image includes changed pixel and
unchanged pixel data.

B. Image Ratioing

Image ratioing is used to minimize scattered effect in
change detection process. In this process multitemporal images
ratioing is performed.

C. DWT

The next steps is fused difference image and ratio image
using DWT based on approximation coefficient and details
coefficient. Images are merged from wavelet decompositions
at level 5 using dbl,db2,db3,db4,db5,db6,db7,db8,db9,db10
and haar by taking two different fusion methods: fusion by
taking min for approximation and mean for detailing.

D. PCA

Feature vector space is created using PCA. PCA
(Principle Component Analysis) is defined as an orthogonal
linear transformation that transforms the data to a new
coordinate system such that the greatest variance comes to lie
on the first coordinate, the second greatest variance on the
second coordinate and so on. Each Coordinate in Principle
Component Analysis is called Principle Component.

E. Clustering Algorithm

Clustering  will
unchanged pixels.
principal.

segregate data into changed and
K-means forms clusters using same

Algorithm for K-means clustering is as follows:

1. Randomly select ‘c’ as cluster

2. Calculate distance between each data point and
cluster center ‘c’.

3. Assign data point to each cluster near by ‘c’.

4. Number of times to repeat the clustering, each with a
new set of initial centroids. A positive integer.

5. Recalculate the distance between each data point and
new obtained cluster centers.

6. No data points was reassign then stop else repeat step
3.

IIl.  EXPERIMENTATION AND RESULTS

Four sets of multitemporal images are taken which includes
Alabama, Sao Paulo, Bangladesh and synthetic images.
Step 1 : Image differencing : first image is subtracted with
second image.
Step 2 : Image Ratioing : Multitemporal image division is
performed.
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Step 4: Image Fusion : Fused difference image and ratio
image with DWT, five — level DWT is applied on
the both images.

Step 5 : PCA and K-means : Clustering formation is done on
fused image. On other hand feature extraction is
done on fused image and then clustering is
performed.

Step 6 : Change Map: Changed pixels and unchanged pixels
data is clustered using k=2.

As shown in figure 1 and figure 2, change map is calculated as
shown. Fig. Al change map generated using DWT, K-means
method with k=2 and Fig. B1 change map is generated using
DWT, PCA and K-means with k=2. Similarly, Fig. C1 is
change map generated using DWT and k-means clustering. Fig
D1 change map is generated using DWT, PCA and k-means.
Fig. E1 is change map generated using DWT and k-means
clustering. Fig F1 change map is generated using DWT, PCA
and k-means. Fig. G1 is change map generated using DWT
and k-means clustering. Fig H1 change map is generated using
DWT, PCA and k-means.

IV. PERFORMANCE EVALUATION

To calculate performance evaluation ground truth needs to be
established using absolute-valued difference between image 1
and image 2. The resulted binary change detection mask can
be obtained. Following defined quantities are used to compare
change map agiant ground truth map.

True positive (TP), False positive (FP), True Negative (TN),
False negative (FN), Correct classification (PCC)[21].

TABLE I. PERFORMANCE EVALUATION OF PROPOSED METHOS

. Actual Calculate
Multitempor | "¢ dno.of | TP | PP | TN | BN | PCC
al data set (%)
change change
Pixels pixels
Alabama
Tornado
Path areear | adoa06 | 707 | 630 437 | 635 | 76773
DWT+ ’
k-means
DWT+PCA 3768 181 437 1810 53.730
+k-means 376847 557946 47 099 53 99 %
Saopaulo 131 2121
DWT+k- 2992112 870186 8701 0 234 926 50.704
86 %
means 2
DWT+PCA 2992112 607179 6071 0 ;gi 2384 44.594
+k-means 79 2 933 %
Bangladesh 330
Flood (haar) 5688 6203 | 38.462
DWT+kmea 6771877 568836 36 0 8;2 041 %
ns
DWT+PCA 6771877 606162 6061 0 gig 6165 38.83
+k-means 62 3 715 %
Synthetics 363
images 5905 6278 | 40.241
DWT+k- 6868913 590502 02 0 7§2 211 %
means
DWT+PCA | coccon | gaamto | 431 | o | sag | 6225 | 40.742
+K-means 10 7 803 %
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V. CONCLUSION

In the proposed methods , five level discrete wavelet
transform (DWT) is applied on difference image and ratio
image, which are used to fused for further processing. In
fused image PCA and k-means clustering algorithm is
applied which clustered data into changed pixels and
unchanged pixels. Based on the result DWT and PCA based
unsupervised change detection shows improvement and
enhancements for future.
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Fig. Al

Figure 1. From clockwise A and B are images of Abama forest change area with respect to time 2000and 2011 , C,D are images of Saopaulo taken in year 1986
and 2013, A1,B1,C1 and D1 are change map obtained.

Fig. E1 Fig. F1 Fig. G1 Fig. H1

Figure 2. clockwise E and F are images of Bangladesh area taken in year 2012 and 2014, G,H are images of Synthetic images taken in 2015 with different time
stamp, E1,F1,G1 and H1 are change map.
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