
 InternatIonal Journal of electronIcs & communIcatIon technology 223

IJECT Vol. 2, IssuE 3, sEpT. 2011ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

Abstract
Change detection is one of the most important applications 
in the remote sensing society. In change detection, pan 
sharpening fusion plays an important role to create a high-
resolution dataset. A pan-sharpening method for enhancing 
satellite imagery is used as building a relatively high accuracy 
and low cost approach for image-based analyses. In this 
paper, Pan sharpening Gram Schmidt technique is applied 
for enhancing certain features which are not visible in either 
of the single data alone. To perform the fusion, a low spatial 
resolution multi-spectral image of MODIS is fused with higher 
resolution single band image of AWiFS of same date using Gram 
Schmidt method. Both images are fused for same geographical 
area and have almost same time acquisition of lower and 
middle Himalaya, Himachal Pradesh, India. Then improved 
change vector analysis is used as change detection technique 
which finds threshold by double window flexible pace search 
and also find the change type discrimination. As resultant 
we study the effect of pan sharpening using Gram Schmidt 
on improved change vector analysis after applied the proper 
topographic correction. The accuracy of land cover change is 
further compared with MODIS data alone.

Keywords
Pan sharpening, AWiFS and MODIS, Topographic correction, 
Improved Change Vector Analysis.

I. Introduction
As increasing demand of land monitoring and management of 
wide area give birth to multi-temporal remote sensing images. 
These images appear at different temporal and spatial scales 
and results in change on earth surface. This change can be 
measure by improved change vector analysis (ICVA) on MODIS. 
But accuracy is not so good due to lack of lesser geometrical 
and spatial resolution. Spatial and spectral fusion is another 
approach in which moderate spatial resolution (250m, 500m) 
multi-spectral MODIS image is fused with higher spatial 
resolution (56m) of AWiFS image to enhance change detection. 
To take advantage of both geometric and spectral resolution in 
change detection process, we merge both properties of different 
sensor image in single image of having multispectral properties. 
This process is called pan sharpening (fusion). Fused image 
has topographic influence due to rugged topography; therefore 
topographic correction is also considered in change detection 
analysis. The topographic effect has long been recognized 
as a problem for quantitative analyses of remotely sensed 
data [1]. This part has become one of the important image 
preprocessing steps in the application of remotely sensed data 
in mountainous regions. Slope matching technique adopted 
for terrain correction is most suitable for Himalayan terrain for 
snow cover area [2].
A variety of change detection techniques are available for 
monitoring land use/land cover changes [3].The enhancement 
change detection techniques have the advantage of generally 
being more accurate in identifying areas of spectral change 

[4]. The change data are generally created using one of the 
following: (1) image differencing (2) normalized difference 
vegetation index (3) change vector analysis (CVA) (4) principal 
component analysis and (5) image rationing [4]. In CVA we 
use concept of change vector from one date image to another. 
The aim of the present paper is to analysis the result of ICVA 
using (i) pan sharpening fusion of AWiFS MODIS data along 
with topographic effect. (ii) comparative analysis with multi-
temporal MODIS data alone.

II. Study area
The study area is a part of Lower and Middle Himalaya, India 
and shown on AWiFS(Advance Wide Field Sensor)  image lies 
between latitude of 32.26 degree to 32.99 degree North and 
longitude of 77.00 degree to 77.49 degree East as shown in 
the Fig. 1. The Lower Himalaya receives the highest snowfall 
(average 15-20 m) as compared to Middle Himalayan range 
(12-15m) during the winter period between October and May. 
The lower part of the area is surrounded by forest and tree 
line exists up to 3100 m. The upper part (Middle Himalaya) is 
devoid of forest. The average minimum temperature in winter is 
generally observed to be -12oC to -15oC in lower Himalaya (Pir-
Panjal range) and -30oC to -35oC in Middle Himalaya (Greater 
Himalaya range). The altitude in the entire study area varies 
from 1900 m to 6500 m with a mean value of 4700 m. The 
slope in the study area varies from 1-86 degree with mean 
value of 28 degree and aspect ranges from 0-360 degree with 
mean values of 180 degree. Most of the slopes in the study 
regions are oriented to south aspect.

III. Satellite data
Two pairs of cloud free satellite images of AWiFS (Advanced 
Wide Field Sensor) and MODIS sensor (Moderate Resolution 
Imaging Spectroradiometer) acquired on 21 November 2009 
(Pre) and 23 December 2009(Post) are used in the present 
work. The salient specifications of MODIS and AWiFS sensors 
are given in the Table 1 and Table 2 respectively. 

IV. Image pre-processing
A master scene of 56m spatial resolution of AWiFS(Advance 
Wide field sensor) of study area  is prepared after rectification 
with high spatial resolution 23m of LISS-III (Linear Imaging self 
Scanning) with 1:50,000 toposheet. This master image was 
used further to geo-reference MODIS images. All satellite images 
were geo-coded to the EVEREST datum by ERDAS/Imagine 
9.1 (Leica Geosystems GIS and Mapping LLC) software with a 
pixel accuracy. The preprocessed topographically uncorrected 
images of AWiFS and MODIS are shown in Fig. 2 and Fig. 3 
respectively of two different dates.
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Fig. 1 AWiFS image of the study area

Table 1: Salient Specifications of MODIS Sensor

Spectral
bands

Spectral 
wavelength

Spatial
resolution

Quantization           
(bit)

Radiance 
Scale
(mw/cm2/sr/
μm)

Radiance
o� set

Solar 
Exoatmostpheric  
spectral 
Irradiance     
(mw/cm2/sr/μm)

B1 620-670 250 12 0.0026144 0 160.327

B2 841-876 250 12 0.0009926 0 98.70

B3 459-479 250 12 0.0027612 0 209.071

B4 545-565 250 12 0.0021087 0 186.4

B5 1230-1250 250 12 0.0005568 0 47.6

B6 1628-1652 250 12 0.0002572 0 23.8

B7 2105-2155 250 12 0.0000787 0 8.7

Table 2 : Salient Specifications of AWiFS Sensor

   
                      (a)                                            (b)
Fig. 2: Satellite images of 21 November 2009 (a) AWiFS, (b) 
MODIS

    
                     (a)                                            (b)  
Fig. 3: Satellite images of 23 December 2009 (a) AWiFS, (b) 
MODIS

V. Pan sharpening
The goal of pan-sharpening is to fuse a moderate spatial 
resolution multispectral image of MODIS with a higher resolution 
single band of multispectral AWiFS image to obtain an image 
with high spectral and spatial resolution. Multi-resolution image 
fusion process (Raster / Combine /Multiresolution Fusion) 
provides flexible resolution-enhancement of a multispectral 
image using a higher-resolution single band image, a procedure 
commonly known as pan-sharpening. The input single band and 
multispectral band set must have matching spatial extents, 
and the cell size of the multispectral bands must be an integer 
multiple of the band cell size, but no other preprocessing of 
the image is required. Different pan sharpening algorithms are 
discussed in the literature [5-10]. 
Image fusion takes place at three different levels: pixel, feature, 
and decision [1]. In pixel-level fusion, a new image is formed 
whose pixel values are obtained by combining the pixel values 
of different images. The new image is then used for further 
processing like ICVA, feature extraction and classification. In 
feature-level fusion, the features are extracted from different 
types of images of the same geographic area. These extracted 
features are then used for   improved change detection analysis. 
In decision-level fusion, the images are processed separately. 
The processed information is then refined by combining the 
information obtained from different sources . There are various 
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factors to be considered before performing sharpening [11], 
[12]. These are 
• The application for which the sharpened data is to be used. 
Various satellite image data sets are  available and suitable 
for sharpening.  
• Co -registration - An important preprocessing step that should 
be done before sharpening is applied to the multispectral and 
single band images. The pixel level accuracy is achieved in the 
present paper.
• Viewing angle of the imagery- If the multispectral and 
single band images are taken at different times so that the 
viewing angle is different, registration and pan sharpening 
may not produce a desirable result [13]. This may not be 
required as AWiFS and MODIS (Terra) have almost same time 
acquisition.
•   Resampling method and techniques used during geometric 
projection, correction, and co-registration should be carefully 
chosen. There is a tradeoff in using the different resampling 
techniques. The co-registered multispectral and single band 
images can be used for pan sharpening. The gram Schmidt 
methods, the technique introduced by [12] is used in the 
present paper.

A. Gram-Schmidt Spectral Sharpening
In the Gram-Schmidt (GS) method, as described by its inventors 
[14], the spatial resolution of the multi-spectral (MS) image 
is enhanced by merging the high resolution single band with 
the low spatial resolution MS bands. The main steps of the 
method are as follows:
1. A lower spatial resolution single band is simulated.
2. The GS transformation is performed on the simulated lower 
spatial resolution single band and the plurality of lower spatial 
resolution spectral band images. The simulated lower spatial 
resolution single band image is employed as the first band in 
the Gram-Schmidt transformation.
3. The statistics of the higher spatial resolution single band 
is adjusted to match the statistics of the first transform band 
resulting from the Gram-Schmidt transformation to produce a 
modified higher spatial resolution single band image.
4. The modified higher spatial resolution single band image is 
substituted for the first transform band resulting from the Gram-
Schmidt transformation to produce a new set of transformed 
bands.
5. The inverse Gram-Schmidt transformation is performed on 
the new set of transform bands to produce the enhanced spatial 
resolution MS image. This algorithm measures the correlation 
coefficient, brightness, and contrast between the input and 
output bands.

.
 

   
                     (a)                                            (b)
Fig. 4 : Topographic corrected Pan sharpened fused images 
of AWiFS and MODIS
(a) 21 November 2009 (b) 23 December 2009

  
                     (a)                                            (b)
Fig. 5 Topographic corrected MODIS images
(a) 21 November 2009 (b) 23 December 2009

VI. Radiometrically corrected reflectance
All geo-referenced satellite images are radiometrically 
(atmospheric + topographic) corrected. The image based 
atmospheric corrections are performed using the methods 
proposed in the literature [15]. The topographic corrections 
are than applied using slope matching technique [2] which 
is reported to be most suitable for Himalayan terrain. The 
topographically corrected spectral reflectance is estimated 
using the following equation [2]. 

      (1)
Where  is normalized topographically corrected reflectance, 
Rλij is reflectance on the tilted surface and estimated using 
the model reported in the literature [17]. Rmax and Rmin are 
maximum and minimum reflectance of the image, <cosi>s is 
illumination on the south aspect, cosi is illumination (IL) image 
and estimated using [18] and Cλ is an empirical coefficient. 
The topographic corrected fused images of 21 November 
2009 and 23 December 2009 are shown in Fig. 4(a) and Fig. 
4(b) respectively. Topographic corrected MODIS images of 21 
November 2009 and 23 December 2009 are shown in Fig. 
5(a) and Fig. 5(b) respectively



226 InternatIonal Journal of electronIcs & communIcatIon technology

IJECT Vol. 2, IssuE 3, sEpT. 2011 ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

VII. Improved Change Vector Analysis
A change vector can be described by an angle of change 
(vector direction) and a magnitude of change from date 1 to 
date 2 [16,17]. It is reported [20], Improved change vector 
analysis is valuable technique for change detection which 
includes a semiautomatic method, named Double-Window 
Flexible Pace Search (DFPS), which   aims at determining 
efficiently the threshold of change magnitude and a new 
method of determining change direction (change category).
Which combines a single image classification and a minimum-
distance categorization based upon the direction cosines of 
the change vector. The improved change vector analysis is 
implemented in this paper as change detection analysis and 
results are compared with topographic inclusion models. There 
are following steps required to perform improved change vector 
analysis. Steps perform for improved change detection [20] is 
given in Fig. 6.
Change Magnitude
Change Vector is defined as following equation by [16]

  (2)

Fig. 6: Flow chart of methodology

Where ∆G includes all the change information between the 
two dates, for a given pixel by   

G =  and  H=, respectively and n is the number of bands, and 
the Change magnitude is given by 

  (3)

Using above equation, change magnitude was computed. A 
decision on change is made based on whether the change 
magnitude exceeds a specific threshold.

 Threshold search using Double-Window Flexible Pace Search 
(DFPS)
    In DFPS method, training sample is selected from change 
magnitude image which cover all classes. Sample having inner 
window is an area of interest  to find the change and outer 
window is used to prevent the threshold from being too low. 
As shown in table1. 
The range of threshold can be selected from max value (P) and 
minimum value (Q) and divide by any integer number(R).

    (4)

  Where P1 is pace search and R is positive threshold value, 
which can set manually.
This succession is estimated to fine threshold value. Succession 
rate () can be calculated using the following equation:

          (5)

  Where in equation (5),  is number of change pixels detected 
inside an inner training window,  is the number of change pixels 
detected inside outer training window incorrectly. It should be 
noted that outer window include one or two pixel only from every 
side. When highest succession rate is achieved, the iteration is 
stopped, then a threshold value that have maximum succession 
rate is applied to an entire change magnitude image. The 
change/no change area from two multi-date fused images 
(Fig.4) is shown in Fig. 7 and change/ no change image from 
MODIS (Fig.5) is shown in Fig. 8
Direction cosine
 The direction of cosine is defined as [20] 

    (6)

Where X (,) is vector, n is number of bands. Change magnitude 
( is calculated using following equation

   (7)
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                 (a)                                             (b)
Fig. 7: change magnitude of Pan sharpened
Fig. 8: change magnitude of MODIS images
images (AWiFS + MODIS).

Change type Discrimination
Change type Discrimination can be obtained using method 
explained [20], which combines single image classification with 
minimum-distance categorizing based on direction cosines of 
change vectors. The direction of a vector can be described by 
a series of cosine functions in a multi-dimensional space. This 
series is called direction cosines [22]. In this we classified Pre-
image by supervised classification with four classes: (1) Snow, 
(2) Vegetation, (3) Shadow and (4) Soil. Seed points are than 
taken from the reference image which highlight different class 
and there mean vector is consider. Then Euclidean distance of 
corresponding change is obtained by transplanted these values 
in direction cosine. Final Image obtain by minimum distance 
rule is change image. The minimum distance classified image 
using Pan sharpened and MODIS are shown in the Fig.8 and 
Fig.9 respectively.

VIII. Accuracy assessment
The accuracy  assessment has been carried using 50 random 
samples (i) determination of threshold of change magnitude 
for change/no change classes (ii) from-to change for pan 

sharpened images (iii) from-to change for MODIS images alone. 
To get optimized threshold we considered highest success rate 
value as show in table3 and table4. The threshold of change 
magnitude is different for fused and unfused data. Threshold 
magnitude 70 (table5) is estimated with high succession rate 
of 75.18% with pan sharpening as compared to threshold of 
60  (table6) with succession rate of 61.03% for MODIS. These 
thresholds are considered for Change / No-Change pixel. The 
overall accuracy for change/no change area is estimated to 
be  of 96% (Kappa coefficient 0.8339) with pan sharpening 
as compared to 94% (Kappa coefficient 0.6431) for MODIS 
data alone. 
The accuracy assessment of “from-to” change with pan 
sharpening is achieved 92%  (Kappa coefficient 0.7481) as 
compared to overall accuracy of 88%  (Kappa coefficient 
0.7273) with MODIS alone and shown in the table7 and table8 
respectively.. 

             
                 (a)                                             (b)
Fig. 8: Minimum Distance Classified image of Fused image
Fig. 9: Minimum Distance Classified image of MODIS
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IX. Conclusion
A comprehensive analysis of the effects of pan-sharpened AWiFS 
and MODIS satellite data on improved change vector analysis 
are presented in this paper. The results are compared with 
unfused MODIS images. The change-detection maps obtained 
from the pan-sharpened images in which moderate spatial 
resolution (250m, 500m) multi-spectral MODIS image is fused 
with high spatial resolution (56m) of AWiFS image to enhance 
change detection. Analysis of  results show that the  effect of 
pan sharpening is a valuable method for    improved change 
vector with topographic correction in which overall accuracy of 
92% ( Kappa coefficient 0.74) is achieved for “from-to change” 
classes. Which was much greater than MODIS image alone 
with topographic correction in which overall accuracy is 88% 
(Kappa coefficient 0.72) 
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