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Abstract This research aimed to explore the fusion of
multispectral optical SPOT data with microwave L-band
ALOS PALSAR and C-band RADARSAT-1 data for a
detailed land use/cover mapping to find out the individual
contributions of different wavelengths. Many fusion
approaches have been implemented and analyzed for var-
ious applications using different remote sensing images.
However, the fusion methods have conflict in the context of
land use/cover (LULC) mapping using optical and syn-
thetic aperture radar (SAR) images together. In this
research two SAR images ALOS PALSAR and RADAR-
SAT-1 were fused with SPOT data. Although, both SAR
data were gathered in same polarization, and had same
ground resolution, they differ in wavelengths. As different
data fusion methods, intensity hue saturation (IHS), prin-
cipal component analysis, discrete wavelet transformation,
high pass frequency (HPF), and Ehlers, were performed
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and compared. For the quality analyses, visual interpreta-
tion was applied as a qualitative analysis, and spectral
quality metrics of the fused images, such as correlation
coefficient (CC) and universal image quality index (UIQI)
were applied as a quantitative analysis. Furthermore,
multispectral SPOT image and SAR fused images were
classified with Maximum Likelihood Classification (MLC)
method for the evaluation of their efficiencies. Ehlers gave
the best score in the quality analysis and for the accuracy of
LULC on LULC mapping of PALSAR and RADARSAT
images. The results showed that the HPF method is in the
second place with an increased thematic mapping accu-
racy. IHS had the worse results in all analyses. Overall, it is
indicated that Ehlers method is a powerful technique to
improve the LULC classification.

Keywords Fusion - Multispectral - SAR - Land use - Land
cover - Agriculture

Introduction

Agricultural and environmental management relies on
rapid information extraction via monitoring. Detailed the-
matic map production necessitates satellite images, which
have both high spectral and spatial resolution information
(Jalan and Sokhi 2012). However, these information may
not be covered by same satellite. Due to fact that image
fusion techniques are used to combine information, which
is acquired from different sensors. Variety of spectral and
spatial resolution provides a better estimation of land use
and land cover analysis. Image fusion is used to enhance
the image quality that is not obtainable by individual sensor
(C. Pohl and van Genderen 1998). Different fusion algo-
rithms have been proposed and several comparisons of
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fusion techniques have been investigated. Christine Pohl
and van Genderen (2015) assessed a comprehensive anal-
ysis of current studies of image fusion applications, algo-
rithms and sensors.

Conventionally, high spatial resolution Panchromatic
(PAN) image is merged with high Multispectral (MS)
image acquired from same satellite to produce high spatial
and spectral image (Nikolakopoulos 2008; Rodriguez-
Galiano et al. 2012; Yildirim and Giing6r 2012). Further-
more, integration of multi sensor PAN and MS images
(Jalan and Sokhi 2012; Sunar and Musaoglu 1998) and,
PAN and hyperspectral (Cetin and Musaoglu 2009) are also
widely used. Another approach is using optical and syn-
thetic aperture radar (SAR) images which are comple-
mentary regarding attainment of different characteristics of
target (S. Abdikan and Sanli 2012; Amarsaikhan et al.
2012; Ehlers et al. 2010; Zeng et al. 2010). Lastly, fusion of
SAR and SAR images is also rarely used way of image
enhancement (Abdikan et al. 2014; Amarsaikhan et al.
2012).

Rodriguez-Galiano et al. (2012) used Landsat 7
ETM + and its corresponding PAN image for a compar-
ative assessment of seven fusion algorithms; PCA, IHS,
Wavelet a trous, Additive Wavelet Luminance Proportional
(AWLP), Downscaling CoKriging (DCK), and Bayesian
methods. They compared the results qualitatively and
quantitatively over both urban and agricultural areas.
Additionally, ISODATA unsupervised clustering method is
used for the original and fused images. Amongst in all,
DCK achieved the most coherent and suitable method. By
testing five different fusion methods [Gram-Schmidt (GS),
Ehler, Modified Intensity-Hue-Saturation (M-IHS), High
Pass Filter (HPF), and Wavelet-Principal Component
Analysis (W-PCA)] with multispectral Quickbird and
WorldView2 with their corresponding PAN images, it is
found that Ehlers method performance achieved the best
accuracy among all applying Support Vector Machines
(SVM) supervised learning algorithm (Yuhendra et al.
2012).

Amarsaikhan et al. (2012) performed Brovey, PCA, GS,
Wavelet-based and Ehlers fusion methods for both optical-
SAR and SAR-SAR combinations. Wavelet-based fusion
result of optical-SAR combination is obtained the best. For
the SAR and optical fusion (Ehlers et al. 2010) concluded
that only the Ehlers method preserved the spectral infor-
mation of the MS for classification purposes. The other
methods (PC, Color Normalization spectral sharpening
(CN), Gram-Schmidt (GS) and University of New Bruns-
wick (UNB)), are suggested to be used for single sensor
and single date images. They also applied AWLP method
but it preserved the spectral characteristics poorer than
Ehlers method and, it caused to have spatial artifacts rather
than improvements.
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Another study evaluated twelve different algorithms
Brovey, CN, Ehlers, GS, HPF, M-IHS, PCA, W-PCA,
UNB, Local Mean Matching (LMV), Local Mean Variance
Matching (LMVM), Subtractive Resolution Merge (SRM)
over urbanized areas using very high-resolution GeoEye-1
images (Witharana et al. 2013). Among all methods,
Ehlers, Wavelet and HPF had the best results as a spectral
quality. While, UNB and GS methods are scored the best in
spatial metrics, and in overall HPF obtained as the best
algorithm.

TerraSAR-X and Landsat ETM+ data was fused
applying HPF, PCA and PCA with Wavelet (WPCA)
methods using C 4.5 decision tree classifier for the map-
ping of a protected area (Otukei et al. 2015). The results of
classification of fused images indicated that WPCA had
highest and HPF had lowest overall classification
accuracies.

Lu et al. (2011b) used both dual polarized (HH-HV)
RADARSAT-2 and PALSAR images for fusion with
LANDSAT-TM image to compare its efficiency on the
land cover classification. The analysis is performed with
PCA, Discrete Wavelet Transformation (DWT), HPF and
Normalized Multiplication (NMM) methods and high-
lighted that Wavelet method improved the accuracy of
overall classification (3.3-5.7 %). HPF showed also similar
results, hence in particular these two methods improved the
classification of vegetation. Same dataset is used also for
impervious surface mapping distribution of the complex
urban and rural areas (Lu et al. 2011a). Here just DWT
method is chosen and concluded that despite the higher
resolution SAR data improved mapping impervious sur-
face, different wavelength did not have any significant
impact. Similarly, Roberts et al. (2008) did not achieve
additional benefit from classification results of different
fusion techniques (Brovey, IHS, DWT, Principal Compo-
nent Substitution and IHS modified wavelet) using
ASTER, and RADARSAT-1 images.

For the qualitative comparison of the original multi-
spectral and fused images spatial improvement and color
preservation are the most widely used and effective criteria
for evaluating the various fusion methods. Another
approach is quantitatively comparing the fusion process
with statistical parameters (Abdikan and Sanli 2012; Cetin
and Musaoglu 2009; Rodriguez-Galiano et al. 2012;
Witharana et al. 2013). Additionally, different enhance-
ment and mapping techniques such as vegetation indices
(Munoz-Robles et al. 2012), ISODATA classification
(Rodriguez-Galiano et al. 2012), edge detection (Ehlers
et al. 2010; Witharana et al. 2013) SVM (Yuhendra et al.
2012) and Maximum Likelihood Classification (MLC)
method (Lu et al. 2011a; Roberts et al. 2008) have been
used for the evaluation of the fusion algorithms
performances.
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Even though several researches have made studies over
fusion methods, there are still challenges for the assessment
of SAR and optical data fusion performances. It is also
uncertain the preference of C-band or L-band for the land
use and cover analysis. The present study tackles the
investigation and evaluation of considerable effect of
image fusion methods over classification results. It was
aimed to enrich the exploit of SAR and optical fused
images in the context of land use/cover monitoring pur-
poses. In this context, a detailed amplification of previous
work is depicted (Abdikan et al. 2008; Abdikan and Sanli
2012). In this study, optical SPOT-2 image is fused with
both HH polarized C-band RADARSAT-1 and L-band
PALSAR images, and a comparative analysis is performed
over urban and agricultural sites separately using five
fusion methods in the Menemen Plain of Izmir Province
(Abdikan and Sanli 2012). In the previous studies urban
and agricultural areas were analyzed visually and statisti-
cally. In this study, besides urban and agricultural areas;
wetlands, pasture and meadow classes were also consid-
ered. Apart from the visual and statistical analyses, the
examination of the contribution of image fusion methods to
the land use/cover mapping is aimed. For this purpose the
evaluation of fused images was done applying Maximum
Likelihood Classification (MLC) as a supervised method.
In total 11 land use/cover maps, as one from original MS
image SPOT-2 and ten from optical and SAR fused images,
were produced and for each class accuracies were
compared.

Study area and data set used

The study area is located in the Menemen Plain of Izmir
Province lying to the west of Turkey and east of the
Aegean Sea. The Gediz River lies to the north part of the
study area and the Gulf of Izmir to the south. In the
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Fig. 1 The map of the study area

APV Acgean Sea

western part is positioned adjacent to the coastline (Fig. 1).
The area is about 13 km x 14 km covering agricultural
fields and residential areas. Agricultural fields were mostly
covered with crops such as wheat and vineyard. Apart from
the previous studies, in this study, the investigated area is
more complex including pasture, meadow and wetlands.
Besides, there were also unplanted fields. Study area has a
homogeneous surface roughness and a micro relief which is
approximately 1 %.

Southwest and west part of the area, which covers some
part of wetland and agriculture, is under protection
according to the Ramsar agreement (Cagirankaya and
Merig¢ 2013). The Ramsar site known as Gediz Delta covers
wetlands which are pivotal for the endangered bird spices
such as Dalmatian pelican (Pelecanus crispus), Lesser
kestrel (Falco naumanni) which are in the red list of
International Union for Conservation of Nature (IUCN)
(Cagirankaya and Meri¢ 2013). Furthermore, it is also a
very important area for breeding of many sea birds and
supports endemic species known as Carex divisia, Puc-
cinellia kociana anatolica, Salsola kali, Stachys cretica
smyrnaea and Sueda prostrate prostrate (Cagirankaya and
Meri¢ 2013). Additionally, it is a crucial wintering site for
many birds, and especially for flamingo (Phoenicopterus
roseus) which use this site regularly.

Methodology

The study consists of five main processing steps: (1) image
preprocessing (rectification, filtering and co-registration),
(2) application of fusion techniques, (3) quality analysis
of fused images (visual and spectral analysis), (4) land
use/cover mapping (MLC application) and (5) accuracy
assessment of the classification results.

In the analysis, one SPOT image was merged with two
SAR images. Both SAR images (L-band PALSAR and
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C-band RADARSAT-1) have the same pixel spacing
(6.25 m) and same polarization, but they have different
frequencies (Table 1). In the preprocessing step, two SAR
images were filtered to reduce the speckles. A 3x3 kernel
size of Gamma filtering were applied before the fusion
processes. Then the SAR images were registered to the
SPOT image less than 1 pixel rms accuracy. SAR images
were resampled to 8 m ground resolution and SPOT image
was rectified with a first degree polynomial function of
nearest neighbor resampling technique using 1/5000 scaled
cadastral maps and 1/25,000 scaled topographic maps. A
detailed flowchart of the methodology is given in the
Fig. 2.

Image fusion

In the present study two sets of SAR images were fused
with multispectral SPOT image (NIR-Red-Green as RGB
composite) by five different image fusion methods. These
are Intensity Hue and Saturation (IHS), Principle Compo-
nent Analysis (PCA), Discrete Wavelet Transformation
(DWT), High Pass Filter (HPF) and Ehlers methods. As an
output, a set of 10 fused images, which have same reso-
lution as SAR images were generated.

A brief introduction of the methods used are given
below:

Intensity Hue and Saturation (IHS) method transforms
the red (R), green (G), blue (B) domain into IHS color
space. A high spatial resolution image is replaced in
place of the intensity component to improve the spatial
resolution of the image. An inverse transformation is
applied on IHS to produce high resolution RGB image
(Pohl and van Genderen 1998). The drawback of this
method is that it has to be applied more than once if
image has more than three bands (Ehlers et al. 2010).

As a statistical method Principle Component Analysis
(PCA) creates an uncorrelated variables from correlated
MS dataset. After applying PCA to all MS images the
first PC is replaced to high spatial resolution data. Next a

reverse transformation is need to be applied to output
spatially enhanced MS data (Ehlers et al. 2010, Amar-
saikhan et al. 2012). The PCA method does not have
limitation of the input number of bands as IHS method.
In Discrete Wavelet Transformation (DWT) a spatial
high resolution image is decomposed to its high and low
frequency components which represent the higher and
lower spatial information, respectively. Low resolution
MS data is replaced with low pass component. Finally,
an inverse transformation is applied to spectral informa-
tion with high spatial resolution (Abdikan et al. 2008,
Amarsaikhan et al. 2012). The method is defined for
more than three bands.

High Pass Filter (HPF) based fusion method applies
convolution of high-pass filter on the high spatial
resolution image and extracts the high frequency com-
ponent. Spatial information which concerns to high
frequency component of high resolution image is added
to low spatial resolution MS data (Lu et al. 2011b). The
advantage of the HPF method is that it allows using
more than three bands.

Ehlers methods was developed to keep the spectral
characteristics during image fusion. A combination of
IHS transformation and Fourier domain filter is used.
IHS is used to separate optimal color information. This
method extends the limitation of using three band in
conventional IHS method. Therefore, the number of
bands is not restricted (Ehlers et al. 2010).

Quality analysis

For the quality analysis, both qualitative and quantitative
methods were used. The color preservation of the fused
images was compared to the original MS images. For
visual evaluation, a sub-image covering different LULC
classes were selected (Fig. 3). The improvement of the
spatial resolution and its effects on the results were ana-
lyzed qualitatively.

Table 1 Specifications of the

data sets used RADARSAT-1 ALOS SPOT-XS

Date 28.05.2006 10.06.2006 14.05.2006

Sensor SAR Fine 1 PALSAR/FBS HRV/HRG

Pixel spacing (m) 6.25 6.25 20

Flight direction Ascending Ascending -

Wavelength 5.6 cm 23.6 cm 0.50-0.59 pm (Green)
(C-band) (L-band) 0.61-0.68 pm (Red)

0.79-0.89 pum (NIR)
Polarization HH HH -
Incidence angle 37°-40° 41.5° L29.6°

@ Springer
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Fig. 3 Subset image from SPOT (a), RADARSAT (b) and PALSAR (c) data

For quantitative analysis, statistical evaluation of fused
results was compared using two metrics, namely the Corre-
lation Coefficient (CC) and Universal-Image-Quality Index
(UIQI). CC measures the correlation between the fused and
the original images. The spectral values of fused images are

estimated better if the CC is equal to 1. UIQI was proposed to
modeling image distortions as a composite of loss of corre-
lation, luminance distortion and contrast distortion (Wang
and Bovik 2002). There are different approaches for statis-
tical analysis (Rodriguez-Galiano et al. 2012; Witharana
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etal. 2013), a detailed comparison were also presented in the
previous study (S. Abdikan and Sanli 2012).

In the qualitative analysis, a subset image, covering
complex LULC classes such as agriculture, settlements and
salt crust area, was selected (Fig. 3). For the interpretation,
a total of ten fused images were compared visually with
original SPOT image. In this comparison, linear features
such as roads and field borders, and patterns such as resi-
dential and agricultural patterns were taken into consider-
ation. In general, it is noticed that all fusion results were
spatially enhanced within various degrees. However, some
methods were introduced spectral distortions. The IHS
output images produced by using both RADARSAT and
PALSAR data were found as the worse ones in preserving
colors among the five methods (Figs. 4b, 5b).

Visual comparison

In the fused images, it is clear that some characteristic fea-
tures such as roads, field borders (i.e. linear features) and
residential features were inherited from SAR images. These
are more obvious in all images except the results of DWT and
Ehlers method (Fig. 4). Among them IHS shows distinction

between different features, especially in PALSAR images
together with its inherent noisy texture (Fig. 4g). Similarly,
PCA method preserved also SAR characteristics (Fig. 4c, h).
Lowest preservation in linear details is observed in Ehlers
(Fig. 4f-k) and DWT (Fig. 4d, i). HPF indicates linear fea-
tures especially at salt crust (Fig. 4e, j) and features at resi-
dential areas in both results. However in agricultural area and
around the airport PALSAR results kept the linear features
(Fig. 4e—j). Ehlers results showed that the spectral consis-
tency is kept much better than the others (Fig. 4f, k). Alike,
DWT method also had high spectral similarity with the
original SPOT image (Fig. 4d,1). Nevertheless, itis observed
some color distortions in salt crustal and agricultural areas.
HPF also preserves spectral information which is close to the
DWT results. PALSAR fused result is found much better
than RADARSAT, especially in agricultural areas. In all
results PALSAR fused results have a slightly higher quality
as image brightness and sharpness (Fig. 4g-k).

Quantitative analysis

The statistical results indicated that PALSAR fused Ehlers
results has the best CC and UIQI values (Fig. 5). Contrary

Fig. 4 Comparison of SPOT (a) and RADARSAT fused images;
(b) THS, (c) PCA, (d) DWT, (e) HPF, (f) Ehlers, PALSAR fused
images; (g) IHS, (h) PCA, (i) DWT, (j) HPF and (k) Ehlers.
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Residential, salt crust area and linear features are showed in black,
green and yellow colored shapes respectively
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Fig. 5 Statistical analysis of fused images (B/, B2 and B3 are the bands of fused images)
to this, IHS gave the worse result among the all methods  accuracy (OCA) were calculated (Congalton 1991)

with low CC and UIQI values in both RADARSAT and
PALSAR fused images. Furthermore, DWT results of
RADARSAT has slightly better results than HPF results,
while DWT and HPF results of PALSAR are very close to
each other. In both RADARSAT and PALSAR results of
PCA method was the fourth better result among all
methods.

Classification results and comparison

The contribution of fusion methods to the classification
was analyzed with comparison of original SPOT and fused
images. For this application nine classes were selected
namely wheatl (first crop wheat), wheat2 (second crop
wheat), moist soil, dry soil, residential area, pasture (lo-
cated on the naturally irrigated lands covered very dense
vegetation during the whole year), meadow (located on the
gentle or deep sloppy areas covered with medium or scarce
vegetation), vineyard and salt crust, and MLC method was
employed.

For each class 50 pixels (in total 450 pixels) were
selected randomly for nine classes to assess the accuracy of
each eleven classified image. For both original and fused
images Kappa coefficients (KC) for all classes (Fig. 6),
overall Kappa accuracy (OKA) and overall classification

(Table 2).

Multispectral SPOT image has 80 % OKA and 82.22 %
OCA using MLC method (Table 2). Ehlers method was
improved OKA in both PALSAR and RADARSAT images
with 5.24 and 2.92 %, respectively (Fig. 7f, k). Besides,
HPF was contributed only in PALSAR result with 2.21 %,
while RADARSAT result of HPF was slightly lower than
the result of SPOT —0.43 %) (Fig. 7e, j). Other three
methods did not improve the OKA in both PALSAR and
RADARSAT fused images (Table 2; Fig. 7b—d and g—i).
Regarding to the comparison of each class wheatl class
improved with all fusion methods except IHS with PAL-
SAR data. HPF method showed the highest impact as
9.12 % with PALSAR, and 8.44 % with RADARSAT.
Furthermore, Ehlers result of RADARSAT was in the
second order following the HPF with an 8.24 % increase.

The contributions of each fusion methods to the map-
ping of each class were illustrated in Fig. 7. Wheat2 class
was improved 9.73 % using Ehlers method with PALSAR,
and 7.45 % using HPF with RADARSAT as maximum.
L-band is superior to C-band for the differentiation of the
class wheat2. From the comparison of the L-band and
C-band images, it is concluded that the dry soil and
moisture soil areas differ prominently due to the differ-
ences in backscatter values. Moist soil class was

@ Springer
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Fig. 6 Kappa coefficient differences for each class in comparison with original SPOT image
Table 2 Overall Kappa Statistics of MLC of SPOT and fused images
SPOT PALSAR RADARSAT

Classes Ehlers HPF DWT PCA IHS Ehlers HPF DWT PCA THS

Wheat 1 0.8195 0.8676  0.9107 0.8614 0.8729 0.7847 0.9019 0.9039 0.8497 0.8405 0.8455

Wheat 2 0.8441 09413 09136 0.8314 0.9088 0.7912 0.8942 09186 0.8944 0.8614 0.8848

Moist Soil ~ 0.7949 = 0.9666 0.9336 0.7573  0.8902 0.8118 0.8393  0.8628 0.8397 0.8364 0.7816

Dry Soil 0.8182 | 0.9303 0.8851 0.8296 0.8493 0.7995 0.8347 0.8093 0.8828 0.7855  0.7287
Residential  0.7698  0.7715  0.7897  0.7533  0.8277 0.8600 0.7986  0.7935 0.8087 0.8362  0.8343

Pasture 0.6845 0.7541  0.7577 =~ 0.5393 0.6536  0.5937 0.7842  0.6969  0.5952  0.5198 = 0.4293

Meadow 0.8397 0.8090 0.7160 0.7484 0.7418 0.6631 0.7907 0.6753 0.7746  0.7122  0.7294

Vineyard 0.6897 0.7321  0.6898  0.6503 0.7044 0.7086 0.7153  0.6971  0.6357 0.6846  0.6512

Salt crust 0.9775 09654 0.8783  0.8505 | 0.4371 0.9390 0.9550 ~ 1.0000 0.4046  0.9452  1.0000

OKA 0.8001 0.8525  0.8222 0.7793 0.7889 0.7741 0.8293 0.7958 0.7830 0.7815  0.7461

OCA 0.8222 0.8756 0.8578 0.8244  0.8267 0.8244 0.8489 0.8333  0.8222  0.8200  0.7933

The colors indicate the rate of accuracy where lowest and highest accuracy are shown in red and green, respectively

dramatically improved with PALSAR results using Ehlers
(17.17 %) and HPF (13.87 %) methods. Although PCA
and IHS improved KC by 9.53 % and 1.69 % respectively,
DWT was found as unsuccessful (Fig. 7).

In the results of RADARSAT images, except for the IHS
method all the methods improved the classification accu-
racy of moist soil (Ehlers: 4.44 %, HPF: 6.79 %, DWT:
4.48 % and PCA: 4.15 %). It is clear that L-band which
may penetrate deeper to soil improved the accuracy of
moist soil better than C-band. Dry soil class was consid-
erably improved as 11.21 % with Ehlers, and 6.69 % with
HPF methods using PALSAR. PCA and DWT methods
were also slightly improved dry soil class using PALSAR
3.11 and 1.14 % respectively. On the other hand, for
RADARSAT KC results using DWT was significantly
improved as 6.46 %, and Ehlers followed it with a small

@ Springer

increase (1.65 %). For the dry soil, L-band also enhanced
the results better than C-band. Classification accuracy of
residential area was increased considerably when using
IHS and PCA methods with PALSAR as 9.02 % and
5.79 %, respectively. In addition to that, HPF was
improved with a small amount as 1.99 %, however, impact
of Ehlers method was insignificant with 0.17 % increase.
The results of RADARSAT fused images showed an
increase in the quality compared to original data especially
when using IHS and PCA methods as 6.64 % and 6.45 %,
respectively. The Ehlers method using RADARSAT data
indicates slightly better result than using PALSAR data
with a 2.88 % improvement. However, the contribution of
L-band is higher than C-band for the classification of res-
idential class. KC of pasture was improved with only using
Ehlers and HPF in both PALSAR (6.96 and 7.32 %
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Fig. 7 Classification results of a SPOT image, RADARSAT fused; b IHS, ¢ PCA, d DWT, e HPF, f Ehlers, PALSAR fused; g IHS, h PCA,

i DWT, j HPF, k Ehlers

respectively) and RADARSAT images (9.97 and 1.24 %
respectively). Meadow is the only class which was not
improved with any fusion method and using both
RADARSAT and PALSAR data. The vineyard class was
again improved only with the Ehlers method using both
RADARSAT (2.26 %) and PALSAR (4.24 %) data.

The results of HPF were not significant as the 0.74 %
with RADARSAT and 0.01 % with PALSAR. Lastly, salt
crust was not improved with any fusion method using
PALSAR data. Conversely, RADARSAT results of HPF
and THS methods were enhanced slightly with the same
amount of improvement as 2.25 % for both RADARSAT
and PALSAR data. Overall, OCA results showed that
Ehlers delivered the highest accuracy among the five fusion
methods in both PALSAR and RADARSAT results as
5.34 % and 2.67 % accuracy increase respectively (Fig. 7f
and 7k). Furthermore, HPF contributed to the accuracy
slightly with 2.21 % and 1.11 % using PALSAR and
RADARSAT, respectively (Fig. 7e, j). The results of
DWT, PCA and IHS were not improved using RADAR-
SAT, and were insignificant using PALSAR data (Table 2;
Fig. 7).

Conclusion

The main aim of this research was to compare the contri-
bution of image fusion methods in terms of using multi-
sensor data for the improvement of LULC analyses. For the
image fusion one optical data and two SAR images were
considered. Five fusion approaches namely; IHS, PCA,
DWT, HPF and Ehlers were applied. As a result five
SPOT-RADARSAT-1 and five SPOT-PALSAR fused
images were generated. In total ten fused images were
compared both qualitatively and quantitatively with the
original MS SPOT images. Hence, fused images were
visually interpreted and spectrally compared.

Eventually, the fused images indicated distinct results
that show improvements in various degrees. Among all
fusion methods, Ehlers showed the best and IHS showed
the worst results for both PALSAR and RADARSAT-1
fused images in qualitative and quantitative analysis.

Contribution of image fusion techniques to the SAR and
optical fused images were investigated by also comparing
the classification results of original SPOT with SPOT-
RADARSAT-1 and SPOT-PALSAR fused Images.
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For each selected classes KC, and for each image OKC
and OCA were computed. As a comparison, it is clearly
shown that Ehlers method improved the classification
results for both fused images using PALSAR and
RADARSAT data; however it is superior in the result of
PALSAR data. HPF can be considered to be as second
alternative method which improved classification when the
PALSAR image used.

L-band data presented greatest success in LULC clas-
sification versus C-band data. The contribution of PAL-
SAR is almost double more compared to RADARSAT
data. Although, IHS, PCA and DWT methods improved the
accuracy of some classes; they had limitations and did not
improve the overall accuracy. Among the five methods,
IHS results were the worst in both PALSAR and
RADARSAT image outputs which are compatible with the
visual comparisons. In general the results demonstrated
that SPOT-PALSAR fusion were superior to the SPOT-
RADARSAT-1 fused image (i.e. the accuracy of LULC
classification results are improved for all fusion methods
using PALSAR images, while it decreases for two out of
five fusion methods using RADARSAT images).

Overall, it is concluded that information gathered from
multi-sensor data considerably enhance the accuracy of
LULC classification for a better and reliable map production.
Except for the IHS method, all the methods used in this paper
are capable of fusing multispectral images which have more
than three bands, however, among them Ehlers method
showed more promising results. As a further research, the
analysis of the data fusion performances of the high resolu-
tion radar images and hyperspectral images are planned.
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