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Abstract: Land use/cover classification is one of the most
important applications in remote sensing. Image fusion
algorithms are the most promising methods in land use and
land cover mapping using remotely sensing data. An attempt
has been made to evaluate and test image fusion techniques
applied to Cartostat -1 and LISS-1V images towards land use
and land cover mapping of Anthrasanthe Hobli,
Heggadadevanna Kote Taluk, Mysore District, Karnataka. Six
image fusion techniques were tested to evaluate their
enhancement capabilities to extract different land use and land
cover classes; Principle component analysis (PCA), Brovey
Transform, Gram Schmidt, Modified-IHS (Intensity, Hue,
Saturation) method, Wavelet-PCA and Wavelet-IHS
techniques were tested and subjected to visual and statistical
comparison for evaluation.

Both visual and statistical comparison showed that Wavelet-
PCA and Wavelet- IHS method have highest visual
enhancement and maintained the quantitative information of
the original image. Ten land use and land cover classes were
identified from the study area for classification. Multispectral
image and fused images were classified using Maximum
likelihood algorithm. Accuracy assessment was carried out on
the classified images. The overall classification accuracy
obtained for each of the six image fusion techniques are PCA -
70%, Modified-1HS - 78%, Brovery Transform - 75%, Gram-
Schmidt - 73%, Wavelet-PCA - 85% and Wavelet-1HS - 88%.
In areas with similar terrain characteristics, Wavelet IHS
fusion gave better land cover and land use classification
accuracy and recommended as a means of enhancing accuracy
of mapping.

Keywords: Image fusion, Wavelet transforms, Land use
and Land cover, Classification, Accuracy assessment

I INTRODUCTION

Image fusion techniques are used to integrate different
information sources and take advantages of the
complementary spatial/spectral resolution characteristics
typical of remote-sensing imagery. One of the major
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applications of remotely-sensed data obtained from earth
orbiting satellites is data fusion because of repetitive
coverage at short intervals from different satellites with
different sensors characteristics. Image fusion techniques are
used to generate visually appealing images and provide
detailed input to the later image analysis like image
classification, change detection and landslide hazard
detection. Automated tasks, such as feature extraction and
segmentation, are found to benefit from data fusion. The
effective solution for providing high-spatial and spectral-
resolution remote sensing data needs effective image fusion
techniques. The principal interest of fusing multi-resolution
image data is to create composite images of enhanced
interpretability [1].

Generally, image fusion methods can be
differentiated into three levels: pixel level, feature level and
knowledge or decision level. Pixel level image fusion
techniques can be grouped into three classes: color (tone)
related techniques, statistical methods and numerical
methods. The color technique class includes color
composition of three image bands in the RGB color space
and more sophisticated color transformations such as
Intensity Hue Saturation (IHS) or the Hue Saturation Value
(HSV) transforms. Statistical approaches were developed on
the basis of band statistics including correlation and filters,
like principal component (PCA) transform. The numerical
methods employ arithmetic operations of image
multiplication, summation and image rationing. Advanced
numerical transform approaches use wavelets in a multi-
resolution environment [2][3].

Many publications have focused on how to fuse
high resolution panchromatic images with lower resolution
multispectral data to obtain high resolution multispectral
imagery while retaining the spectral characteristics of the
multispectral data. These methods seem to work well for
many applications, especially for single-sensor single-date
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fusion. However, they exhibit significant color distortions for
multi temporal and multi sensor case studies [4].

In this study an attempt has been made to evaluate
and test image fusion techniques applied to Cartostat-I and
LISS-IV images towards land use and land cover mapping
for Anthrasanthe Hobli, Heggadadevanakote taluk, Mysore
District, Karnataka. Six fusion methods were applied for
comparison;  Modified-IHS ~ fusion, PCA-  Principle
Component Analysis, Gram Schmidt fusion, Brovery
Transform fusion, Wavelet - PCA fusion and Wavelet - IHS
fusion. These fusion techniques were used to generate
hybrid images using LISS-IV and Cartostat-1 image. The
evaluation of the hybrid images is based on the quantitative
criteria including spectral and spatial properties and
definition of images. The visual qualitative results were
analyzed. The correlation between the original MS and the
fused images and all the statistical parameters of the
histograms of the various frequency bands were determined
and analyzed. The merged images and multispectral image
were classified by means of Maximum likelihood supervised
classification. The quality of the merged images were
examined by comparing the classification accuracy results.
The objective is to compare the efficiency of six different
techniques of merging high spatial resolution image with
multispectral image to improve the extraction and
identification of different land use and land cover classes.

1. STUDY AREA

The study area was Anthrasanthe Hobli, Heggadadevanakote
taluk , Mysore district, Karnataka, India with Latitude
12°5'23"N and Longitude 76°19'47"E. It consists of Kabini
reservoir. The agriculture in this taluk is rain-fed and
irrigated. Major crops of the region are cotton, grams,
groundnut, jowar, maize, ragi, rice, sugarcane and sunflower.
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Fig 1. Study area
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I, MATERIALS AND METHODS

A. Materials

e The IRS-ID LISS IV image of the above area for March
2012 with a spatial resolution of 5.8m was used for the
study. A false color composite (FCC) image was
generated using the 3, 2, 1 bands of the satellite data.

e Cartostat-l image of the above area for March 2012
with spatial resolution of 2.5m was used.

e The survey of India (SOI) toposheets 58A-1/5/9 and
57D- 4/8/12 of 1:50000 scales, was used as reference
data.

e Land use and Land cover map of the area.

Fig 3. Cartostat-I image

B.Methodology
1. Image Fusion Techniques
The six image fusion methods used are given below.
a. Modified Intensity-Hue-Saturation ~ Transform
Technique — (IHS)
IHS is a common way of fusing high spatial resolution,
single band, pan image and low spatial resolution,
multispectral image. The R, G and B bands of the

multispectral image are transformed into IHS components,
replacing the intensity component by the pan image.
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Performing the inverse transformation, a high spatial
resolution multispectral image IHS can enhance spatial
details and improve the textural characteristics, the fusion
image shows spectral distortion. Modified IHS fusion has
been developed and used for merging fused multispectral
bands to the original data. The panchromatic image replaces
the intensity in the original IHS image and the image is
transformed back into the RGB color space. The color
distortion of IHS technique is often significant. The modified
IHS method accepts only 3 input bands. This technique
produces an output image which is the best suited for visual
interpretation [5].

b. Principle Component Analysis Fusion Technique—
(PCA)

The aim of the PCA method is to reduce the dimensionality
of multivariate data and preserves much of the relevant
information. It translates correlated data set to uncorrelated
dataset. The redundancy of the image data is reduced. The
multi-spectral image is transformed by PCA, and the eigen
values and corresponding eigenvectors of correlation matrix
between images in the multispectral image’s individual
bands are calculated out to obtain each matrix’s principle
components. The first principle component of the multi-
spectral image is replaced with the matched pan image, to
obtain new first principle component (FPC). The FPC and
other principle components are transformed with inverse
PCA to form the fused image. This preserves the original
colors in all the possible combinations [6].

c. The Brovey Transform Fusion Technique- (BT)

The BT wuses a mathematical combination of the
Multispectral bands and PAN band. Each Multispectral band
is multiplied by a ratio of the PAN band divided by the sum
of the Multispectral bands. The general equation uses red,
green, and blue (RGB) and the panchromatic bands as inputs
to output the new red, green, and blue bands. The BT is
based on spectral modeling and increases the visual contrast
in the high and low ends of data's histogram. It uses a method
that multiplies each resampled, multispectral pixel by the
ratio of the corresponding panchromatic pixel intensity to the
sum of all the multispectral intensities. The BT is limited to
three bands and the multiplicative technique introduces
significant radiometric distortion [7].

d. Gram-Schmidt Fusion Technique —(GS)

In Gram-Schmidt spectral technique simulation of PAN band
is performed using lower resolution spectral bands. In the
process, the high resolution PAN band is blurred by
appropriate factor, sub-sampled and interpolated up to an
appropriate scale. GS orthogonolization transformation,
removes the redundant information in the data, and is applied
on the simulated PAN band and the spectral bands. The
simulated lower spatial resolution PAN image is used as the
first band in the GS transformation. The statistics of the
higher spatial resolution PAN image are adjusted to the
statistics of the first transform band resulting from the GS
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transformation. The higher spatial resolution PAN image
adjusted statistics is replaced with the band of the first
transform. Finally, an inverse transform is applied to produce
higher resolution spectral bands [8].

e. Wavelet- PCA Fusion Technique Method

The wavelet transform is applied on the images by producing
a set of low resolution PAN images from the high resolution
PAN image using wavelet coefficients for each level. After
decomposing the PAN band, the resulting low resolution
PAN band is replaced with a multispectral band at the same
resolution level. Then, a reverse wavelet transform is
performed to convert the data to the original resolution level
of PAN.

In the Wavelet-integrated PCA method, PCA is applied
on the multispectral image prior to the wavelet analysis.
After applying a histogram match between the first PC and
the PAN image, the first PC is replaced with the PAN band.
The inverse transform is applied on the image to construct a
fused RGB image [9].

f.  Wavelet- IHS Fusion Technique Method

The Wavelet IHS fusion method preserves the spatial and
color information of the LISS- IV data. The wavelet IHS
fusion method can preserve the color information much
better while maintaining competitive spatial information. The
wavelet IHS fusion image is similar to the multispectral
image. The wavelet integrated IHS fusion method
implements a forward IHS transform to a true colour or near-
infrared multispectral composite. In each of the cases, the
intensity layer is extracted and wavelet-fused with the high
resolution panchromatic image. The intensity layer is
replaced by the fusion product and an inverse IHS colour
transform is performed. The acquired fused image has its
spatial resolution improved, having preserved its spectral
characteristics. Intensity hue and saturation with wavelet
decomposition will helpful in case of preserving spectral and
spatial information [10][11].

The above mentioned fusion techniques were
applied for merging LISS-IV and Cartostat-l1 image. Visual
image interpretation was performed for comparison of the
merged images along with multispectral image. Statistical
parameters min, max, mode, median, mean and standard
deviation were determined for analysis and comparison
between fused images and original multispectral image. Ten
land use and land cover classes were identified. Maximum
likelihood supervised classification was applied for all the
fused images and multispectral image. The accuracy
assessment was performed for all images. The best fusion
technique for land use and land cover classification was
determined.
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4, RESULTS
a. Visual Evaluation:

The fused images were evaluated visually for spatial and
spectral resolutions. The images from Figure 4 to Figure 9
revealed that the spatial and the spectral resolutions are
improved, in comparison to the original images. The fused
images contain both the structural details of the higher spatial
resolution panchromatic image and the rich spectral
information from the multispectral image. In the original
LISS-1V images, it is very difficult to identify and classify
features like parcels of land, roads, trees and small buildings
due to scale limitation.

The colors of the features in the fused images have
changed. This color distortion effect is the largest in PCA
method followed by Gram-Schmidt, Brovery transform and
Modified—IHS techniques. Among the six methods, Wavelet-
PCA and Wavelet-IHS gives the best result in terms of color
conservation. The spectral characteristics of Wavelet-IHS
fusion and Wavelet-PCA are closest to the original multi-
spectral image than other fused images.

The Wavelet-IHS and Wavelet-PCA techniques
give a better spatial resolution when compared to other
fusion methods. The images obtained of LISS-IV and
Cartostat-1 by wavelet method has a better visual effect as
shown in Figure 8 and Figure 9.

Fig 4. Modified — IHS fused image

Fig 9. Wavelet- IHS fused image

Fig 5. PCA fused image
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b. Statistical Parameter Evaluation TABLE 1. Statistical parameters of fused images
The statistical parameters have been displayed in Table 1. Images Laye | Mi | Ma | Mea | Medi | Mo | Std.
The parameter for comparison is Mean, which describes the I's n X n an de Dev
central location of the data or where the DN histogram curve Pan Band 913 17.
is positioned horizontally. Figure 10 and 11 illustrate a 1 40 | 931 |2 92 92 |01
graphical comparison among the six techniques and the Band | o, | 365 | 796 | 45 69 | L0
original multi band image. Figurel0 shows that Brovey 1 1 20
transform method image has lower mean values than other Multi- Band 32 | 401 63.5 57 59 18.
images, followed by PCA and Modified—IHS. Wavelet-PCA spectral | 2 5 05
and Wavelet-IHS images have near values to the original Band 127. 40.
. : . . 34 | 427 135 36
multiband image. Brovey image having low mean values 3 49 40
appears more darker than other images in color. Gram- Band 1 310 34.1 33 31 10.
Schmidt had mean values greater than the original image and 1 7 19
other merged images indicating a brighter image. PCA_ Band 1 283 27.0 o5 18 13.
Merged | 2 9 00
The other tested parameter is the standard deviation. Band 1 541 50.6 55 56 18.
The standard deviation is expressing the variation of 3 7 22
brightness values of the image. Standard deviation values of Band 53.4 5 10.
the Wavelet-IHS and Wavelet- PCA methods are 1 1 581 5 5 56 58
significantly close to the multispectral image than the other IHS Band 44.6 13.
methods as shown in Figure 11. Tablel shows that the Fusion 2 1 538 2 40 37 66
Brovey image has less standard deviation than the original Band 87.6 24.
image, this has resulted in less contrast in brightness and 3 1 931 8 92 89 27
environmental boundaries definition.
nd |10 263|220 |25 |25 |34
Brovery
Band 21.2 5.2
_ ] 'rl'rlT’]ansfo 5 7 244 7 20 18 37
140 /1 ?I?and 11 | 222 32.9 46 47 }15
120 = Multispectral Band 841 9.0
- s —pca Sl RV TR B K- C R - by
/ —Modified IHS
80 —= < a
o \/;/! B‘rO\.»‘eSrVITral:sforln SCrr?ﬁr::dt Eand 30 176 202 81 82 éz
- = Gam Schmidt
’ Band 143. 18.
40 —— WaveletPCA 3 51 | 301 39 143 142 97
20 Wavelet-HIS Band 74.6 10.
5 | | | 1 1 491 8 72 69 83
1 2 3 Wavelet | Band 62.7 18.
_PCA 5 1 460 1 57 51 12
Fig 10. Mean values of fused images Eand 1 871 156 133 128 gg
Band 74.8 10.
jz | 1 1 563 8 73 67 69
=7 f Wavelet | Band 62.7 17.
35 4 // ——Multispectral -IHS 2 1 474 8 o7 50 95
30 1 ——PCA Band 126. 40.
25 ——Modified_IHS 3 ! 532 54 133 3 05

—Brovery Transform

c. Classification Evaluation

——Gam Schmidt

——\Wavelet-PCA

The image was preprocessed using ERDAS IMAGINE 9.2.
Maximum likelihood supervised classification and accuracy
O ‘ ‘ assessment were applied to all the fused images and LISS-1V
multispectral image. To select the training data for
classification 1/50000 scaled standard topographic maps and
Fig 11. Standard deviation values of fused images. expert visual interpreter advices were used as reference.
Fairly dense forest, degraded forest, reservoir backwater
land, canal irrigated lands, upland irrigated lands, upland

——\Wavelet-HIS
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irrigated land without crop, Agriculture land with crop,
Agriculture landl without crop (whitish tone), Agriculture
land2 without crop (greenish tone) and water bodies were
selected as classes. Signature extraction was done followed
by classification. Accuracy assessment was calculated using
an error matrix which showed the accuracy of both the
producer and the user. For accuracy assessment, 250 pixels
were used randomly selected for each image through
stratified random method. Land use map and topographic
sheets were used as referenced data to observe true classes.

1JERTV 315061266

Images Overall Kappa
Accuracy %

Multispectral 80.08 0.7761

PCA_Merged 70.01 0.6694

Modified IHS

Fusion 78.52 0.7584

Brovery

Transform 75.00 0.7201

Gram Schimdt 73.44 0.7024

Wavelt-PCA 85.33 0.8333

Wavelt-1HS 88.28 0.8661
The overall accuracy and kappa accuracy

assessment were used to perform a classification accuracy
assessment based on error matrix analysis. Table 2 shows the
classification and kappa results. The comparison of total
accuracy and kappa accuracy for the classifications shows
that Wavelet -IHS transformation method is found more
appropriate for fusion. Higher kappa values have been
obtained in wavelet based methods. Maximum likelihood
classification did not provide satisfactory results .in
distinguishing fairly dense forest, agriculture land with crop
and upland irrigated land due to the overlapping of spectral
values in most of the fused images except wavelet-PCA and
wavelet —IHS fusion images as observed in Figure 17 and 18.
Accuracy for Upland irrigated lands, reservoir backwater
land, degraded forest and agriculture land with crop was
relatively less because of similar scattering mechanism as
shown in the classification results in Figure 12 to 16. Canal
irrigated lands, upland irrigated land without crop,
agriculture land1l without crop (whitish tone), agriculture
land2 without crop (greenish tone) and water bodies were
classified correctly as observed in Figure 12 to 18. The
overall accuracy of Wavelet-IHS and Wavelet-PCA is above
85% and Kappa statistics is above 81%.
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Farly dened forest [7]  Degeaded frest B reermibadorster hnd

Canal arigated lands |:| Upland brizated land . Tpland Irizated lands
without crop

Lgrieulhre land 1 wathout Crop- Whitishtone |:| Agneulhwe land with crop

OO0 0.

Agrimulhre land 2 wathout erop — geernsh tone . Water bodies

Fig 12. Modified IHS-Classified image

The above analysis and comparison, concludes that
Wavelet- IHS method can preserve the spectral
characteristics and high spatial resolution characteristics of
source. multispectral image and panchromatic image
respectively. And Wavelet- IHS method is found best suited
for fusion of LISS-IV multispectral and Cartostat-l PAN
images.

TABLE 2: Overall Accuracy and Kappa Values

Fairhy densed forest |:| Degraded forest . Fesarvoi badmrater land
Canal ivigated lands |:| Tpland hrrigated land . Tpland Irrigated lands
without erp

Agrimults Land | without Crop Whitishteme [] aoamites o wnthaop

|
O
O
O

Agriculturs Land 2 withot crop — gwmerish tone B oo

Fig 13. PCA — Classified image
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. Fairly denised fhrest |:| Diegraded foest . Fasarvoi badorater lnd

[ comlimigtedtants [[] Upland brigaed tand [ Upland Eviguted 1ands
without crop

[] Agrirultwe land L without Coogp- Whitishtore [] senvutwe Lt wthacy

[] agvicuttws land 2 without crop - gmerishtoms B et

Fig 14. Brovery Transform — Classified image

. Fairly densed forest |:| Degraded forest . Feservod bacowrater and

[ comstimigedlmas [[] Uptod brigdland [l Uplond hvicated Lanas
without cxop

|:| Agrimalbre land 1 without Crop- Whitish tone |:| Agnoulhre land witherop

|:| Agrimalbre land 2 without cvop — greerish tone . Water bodies

1JERTV 315061266

Fig 15. Gram-Schmidt — Classified image
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Fairly densed forest D Degraded formst . Reservoir hackwater lnd

Canal irigated Lands D Uplind Brigated land . Uplind brigated lands
withot cwp

Acrirulture Land | withont Conp Whtishtons [] asncutme ot wthaop

Agrieulhrs land 2 withent cvop — zeerish fone . Water bodies

Fig 16. Wavelet-PCA Classified image

Fairly densed forest |:| Degraded forest . Reservor badlowrater nd

Canal Brigated lands |:| Tpland Imigated land . Tpland brigated lands
without crop

Agrimulhre land 1 wathout Crop- Whitishtone |:| Agneulbhwe land with aop

Lgvimilhwe land 2 watheut erop — seerish tone . Water bodies

Fig 17. Wavelet-IHS Classified image
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CONCLUSION

Six fusion methods were tested for their suitability for
different land use and land cover classes extraction. Visual
enhancement and statistical comparison were made for the
evaluation process. In General, all the methods enhance the
image spatial resolution. The visual inspection showed that
the Wavelet-PCA and Wavelet-IHS methods had better
image quality. Wavelet-IHS method preserved the natural
colors of the original multispectral image than other fused
images.

The statistical comparison showed that wavelet-IHS
method maintained the quantitative information of the
original image. The classification result indicated for the
study area was more accurate by using Wavelet-IHS

[ Fviedind [ Dezsdediet | Reseroibadorster ind technique with overall accuracy of 88.28% and kappa value

of 0.866. For areas with similar terrain characteristics,

D Canal irrigated lands D Upland Lrigated land . Upland Erigeted Linds Wavelet- IHS fusion gave better land cover and land use

writhout ciop classification accuracy. Hence Wavelet- IHS fusion method

[] Agicutwe lnd | witiont Ciop Whitichtore | ] Agnouthas Lund withercp can be utilized for enhancing accuracy of mapping in such
areas.

[ agiciltws lai2witiont aop - gresichtons [ Witerbodies

This study is a successful experience with the
Fig 18. LISS- IV Multispectral image classification wavelet transforms based fusion approach. It is shown that
proposed wavelet transform approach improves the spatial
resolution of a multispectral image while it also preserves
much portion of the spectral component of the image. Some
features that cannot be perceived in the original multispectral
images could be identified in the fused ones. The fused
images have higher accuracy and information compared to
the multispectral image.
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