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Fig 1. Geographical location of study area.
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Fig 2. The main steps of the research method in this study.
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Table 1. Texture characteristics of the Gray-Level Co-Occurrence Matrix (GLCM) (8).
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Table 2. Spectral indexes used in the present research.
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Table 3. The number of training samples and tests for each class.
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Table 4. Texture statistics with the highest value of OIF.
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Table 5. Spectral indexes statistics with the highest value of OIF.
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Fig 4. The normalized reflectance of the land uses.
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Fig 6. A) Classification using SAR images, B) Classification using SAR image texture characteristics selected from the graph, C)
Classification using SAR image texture characteristics selected from OIF, D) Classification using SAR image texture characteristics selected
from graph of the SAR bands,
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Table 6. Evaluation of classification results using texture characteristic.
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Fig 7. A) Classification using optical images, B) Classification using the optimal spectral characteristics of optical image selected from the

graph, C) Classification using the optimal spectral characteristics of optical image selected from the OIF, D) Classification using the
combination of spectral characteristics selected from the graph with the main bands of optical image,
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Fig 7. E) Classification using the combination of spectral characteristics selected from the OIF with the main bands of optical image.
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Table 6. Evaluation of classification results using spectral characteristic.
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Abstract

Classification and separation of land cover is one
of the most important applications of remote
sensing. To perform classification, multispectral
satellite data are an efficient tool, but
unfortunately, they are not available in some
conditions, such as cloudy weather. Also, most
remote sensing data classification algorithms
operate based on the characteristics and spectral
information of pixels, which causes the useful
spatial information that can be extracted from the
images to be ignored, including; The texture of the
pictures. The simultaneous use of texture and
spectral information is a topic that has been less
discussed. Therefore, considering this idea, two
methods were used to select the optimal features
for preparing the land cover map.
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The first method is the normalized reflection of
complications according to the extracted features
and the second method is applying the Optimum
Index Factor on the extracted textural and spectral
features. For this purpose, the classification
process using the Support Vector Machine method,
on the Sentinel-1 radar image and the Sentinel-2
multispectral image, the optimal features selected
by the two methods and the combination of image
bands with the optimal features selected by It was
done by two methods and finally by combining the
best combination of radar and optical bands.
According to the obtained results, the classification
using spectral features is more accurate than the
classification using texture features. By combining
the optical and radar features and obtaining values
of 97.07% for the overall accuracy and 0.96% for
the Kappa coefficient, the classification accuracy
was improved to a great extent. This research
showed that by choosing optimal features and
combining spectral and radar data, different
features of each data can be used and better results
can be achieved. Also, the combination of texture
feature from radar image and spectral feature from
optical image can have a very good effect in
improving the results of land cover classification.
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Background and purpose: Today, satellite data
are widely used in remote sensing. ldentification of
phenomena in the field of urban development
management, natural resources and environment
has a special position. Preparing a correct and
accurate map of land use and using an appropriate
and up-to-date method has become a very
important issue. In the past, the usual methods of
land collection were not economical in terms of
time, cost and manpower, but with the advent of
remote sensing technology, while reducing the
difficulties of field visits to the lowest level, it has
been able to provide a comprehensive and accurate
view due to the wide coverage of satellites. To
provide study sites for users. The present study
was carried out with the aim of distinguishing land
cover in Ahvaz city. Considering the fact that most
remote sensing data classification algorithms
operate based on the characteristics and spectral
information of pixels, and this problem ignores
useful spatial information that can be extracted
from images, including; The texture of the
pictures. The simultaneous use of texture and
spectral information is a topic that has been less
discussed. Therefore, considering this idea, the
current research was conducted with the aim of
choosing the best combination of spectral and
textural features to improve the accuracy of land
cover classification.

Materials and methods: The data used in the
present research include Sentinel-1 satellite images
related to June 18, 1400 and Sentinel-2 related to
June 19, 1400. The captured images need pre-
processing, so first the necessary pre-processing
including atmospheric  correction (Sentinel-2
image) was applied using Sen2core method. The
most important pre-processing steps that were
performed on Sentinel-1 images are zero sigma
calibration, speckle filter, correction of the
unevenness of the ground and conversion to dB
unit. It should be noted that all pre-processing was
applied to the images in SNAP. In the second step,
spectral and textural features were extracted from
the used images and the optimal features were
determined, and in the third step, the optimal
features were combined using the Schmidt-Gram
algorithm. In the fourth step, different land cover
maps were prepared using the support vector
machine classification method in ENVI 4.8
software environment. Finally, in the fifth step,
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each of the prepared coverage maps were
evaluated using the general accuracy indices,
Kappa coefficient, manufacturer's accuracy and
user's accuracy.

Results and discussion: In this research, two
methods of optimum index coefficient and normal
reflection diagram of complications were used in
order to select optimal characteristics. In the first
method (optimal index coefficient), according to
the highest value of the optimum index coefficient,
3 features were used for each of the spectral and
texture features, and these features are moment
contact angle-VH and contrast-Vh and moment
contact angle. -VV. Among the spectral indices, 3
indices that had the highest value of the optimal
coefficient index were selected as the optimal
feature for classification. These indices are NDWI,
BI12 and NDV!I. In the second method (normalized
reflection diagram of complications), 50 samples
were selected for each class and the average of its
reflection in the desired features was taken, then
after normalizing the reflection values, it was
shown as a graph. Among the 16 texture statistics
extracted from the Sentinel-1 image, variance
statistics in VH polarization, variance statistics in
VV polarization, mean statistics in VV polarization
and momentary contact angle statistics in VV
polarization due to the lower correlation value and
as a result, the ability to separate more
complications to perform Classification was
selected. Among the 14 spectral indices extracted
from the Sentinel-2 image, the BU, MNDWI,
NDBI and NDWI2 spectral indices were removed
due to the great similarity in the spectral
reflectance curve, and the classification was done
with 10 other indices. In this research,
classification was done by combining the best
combination of Sentinel-1 radar bands and the best
combination of Sentinel-2 multispectral image
bands. For this purpose, according to the
evaluation of the obtained results, the best
combination of bands was identified and combined
using the Gram-Schmidt algorithm, and the
classification was implemented using the support
vector machine method (Figure 8). In this
classification, the obtained output has the least
error. Different classes were well classified, also
the interference between classes is less visible.
There is only a slight overlap between the barren
land class and the construction class. The overall
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accuracy obtained is 97.07% and the kappa
coefficient is 0.96.

Conclusion: The aim of this research is to achieve
high accuracy in land cover classification by
combining the best texture feature of SAR image
and the best spectral feature of Sentinel-2 image.
This goal was implemented by extracting the
texture features using the Hammarman occurrence
matrix from the Sentinel-1 radar image and
spectral indices from the Sentinel-2 image. In this
research, two methods were used to select the
optimal features for the production of the land
cover map. The first method is the normalized
reflection of complications according to the
extracted features, and the second method is
applying the optimal factor index (OIF) on the
extracted spectral texture features. For this
purpose, the classification process was performed
using the vector machine (SVM) method on
Sentinel-1  radar image and  Sentinel-2
multispectral image. The optimal features selected
by its method and the combination of image bands

with the optimal features selected by its two
methods were classified. And finally, it was done
by combining the best combination of optical radar
bands. The Gram-Schmidt algorithm used in this
research, which is one of the integration algorithms
at the pixel level, unlike the IHS color space
conversion, there is no limit in the number of
spectral bands that can be processed at one time
through this conversion. From the error matrix,
which is the result of the comparison of ground
reality pixels and the corresponding pixels in the
output of land cover classification methods,
parameters of overall accuracy, kappa coefficient,
manufacturer's accuracy and user's accuracy were
estimated for all the methods used in this research.
According to the obtained results, the overall
accuracy of 97.07% and Kappa coefficient of 0.96
was improved by combining the optical and radar
features.

Keywords: Texture features, land covers in urban
environments, classification, support vector
machine (SVM) method, feature selection.
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