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Abstract

In order to achieve food security, timely, accurate and repeatable monitoring the cultivated areas is necessary. In this
regard, the present research aimed to improving accuracy of separation the crops cultivated area in the northeastern region
of Ahvaz. To achieve the research goal, based on the available data, three groups of time series combination were created.
The first group includes the combination of Sentinel 1 and 2 time series along with the NDVI index for the entire period,
the second group of Sentinel 1 and 2 time series combinations based on the peak greenness and the third group were
single images of Sentinel 1 and 2 in the peak greenness period. Then, images were classified using ML and SVM
algorithms. Finally, crops cultivated area maps were prepared. the accuracy of the obtained results was evaluated using
overal accuracy indices and Kappa coefficient. Based on the obtained results, it was found that the combination of the
time series of Sentinel 1 and 2 images along with the NDVI index for the entire period (Combination No. 3) using the
SVM method to extract the cultivated areas of the study area has the highest overall accuracy and Kappa coefficient,
which is 91.22 and 0.89 percent respectively. Also, the obtained results indicated that the SVM algorithm has the highest
overall accuracy and kappa coefficient for time series combinations, and for single image methods, the ML algorithm has
the highest overall accuracy and kappa coefficient. Based on the findings, it is concluded that the combination of the time
series of Sentinel 2 images and the SVM template for extracting cultivated areas have high accuracy compared to the
single image method, and combining the VH polarization of Sentinel 1 to the time series of Sentinel 2 improved the
accuracy about 5%.

Keywords: Remote sensing, image integration, crops classification, radar images, Khuzestan province
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]Improving the accuracy of separation the crops cultivated area using integration
of multi-temporal radar and optical sentinel images and machine learning
algorithms\

Statement of the Problem and purpose: Due to the increase in population, the demand for food is always increasing.
Population increase and natural disasters such as drought, flood, etc., have affected agricultural areas and have
continuously changed the cultivation pattern and related statistics. Therefore, in order to achieve food security, timely,
accurate and reproducible monitoring of cultivated areas is necessary. In this regard, the current research was carried out
with the aim of improving the accuracy of the classification of separation the crops cultivated area using integration of
multi-temporal radar and optical sentinel images and machine learning algorithms in the agricultural lands of northeastern
Ahvaz.

Methodology: After investegation the phenology of crops, the research period was determined from November 18, 2017
to May 6, 2018. To achieve the goal of the research, after pre-processing the images of Sentinel 2, only ten meter bands
including band 2 (blue) in the range of 490 nm, band 3 (green) in the range of 560 nm, band 4 (red) in the range of 665
nm and band 8 (infrared) in the range of 842 nm were used. In the next step, in order to highlight the vegetation, the NDVI
index was calculated. After this step, each Sentinel 2 image along with the NDVI index extracted from it was integrated
with the VV and VH polarizations of the Sentinel 1 image with the least time difference. Based on the available data,
three groups of image combinations were created. The first group includes the combination of Sentinel 1 and 2 time series
images along with the NDVI index for the entire research period; Combinations number 1 to 4 were created based on this,
the second group of combinations of time series images of Sentinel 1 and 2 are based on the peak period of greenness.
The peak stage of greenness of the area was considered from 12th of February to 5th of April 2018. Based on this, time
series combinations No. 5 to 7 were created. The third group of combinations was created by combining the single images
of Sentinel 1 and 2; In this section, combinations No. 8 to 12 were used in order to investigate the effect of combining the
Sentinel 1 radar image on the accuracy of the output maps to the Sentinel 2 single image. Further, training samples were
collected and divided into two groups for training and testing. By using training samples and classification using ML and
SVM algorithms, the separation of cultivated areas was done. Finally, by forming the error matrix, the accuracy of the
obtained results were evaluated.

Results and discussion: The results obtained by combining the time series of Sentinel 2 images, the time series of NDVI
index and the time series of VH polarization of Sentinel 1 with the SVM algorithm (combination 3) among other
combinations has the highest overall accuracy and Kappa coefficient equal to 91.22% and 0.89, respectively.
Combinations 9 to 12 were used to investigate the effect of combining Sentinel 1 and 2 images on overall accuracy and
kappa coefficient values. In combination number 9, the classification was done only on the Sentinel 2 image and the
NDVI index with SVM and ML algorithms, among these algorithms, the ML algorithm had the highest overall accuracy
and kappa coefficient equal to 78.64% and 0.75%, respectively. In combination 10, the classification was performed on
Sentinel 2 image, NDVI index and V'V polarization of Sentinel 1 with two algorithms, and the overall accuracy and kappa
coefficient for ML algorithm were estimated as 79.63% and 0.76, respectively, in combination number 11, Sentinel 2
image, NDVI index and VH polarization were used, and overall accuracy and kappa coefficient were 80.29% and 0.77%,
respectively, among other algorithms, ML algorithm had the highest value. In combination 12, Sentinel 2 image
combination, NDVI index, VV and VH polarization of Sentinel 1 were used and the overall accuracy and kappa coefficient
for the ML algorithm were 77.81% and 0.74% respectively.

The time series method is also more accurate than the single image classification method, so that the Kappa coefficient
in the combination of single image (combination number 9) has reached the value of 0.75 to the value of 0.84 in the
combination of time series number 1. Also, combining the time series of VH polarization of Sentinel 1 with the time
series of Sentinel 2 has increased the classification accuracy about 5% (from the Kappa coefficient equal to 0.84 in
combination 1 to 0.89 in combination 3). Choosing the classification algorithm is also very important; Based on the
obtained results, the SVM algorithm has shown the best accuracy for the time series, while the ML algorithm has provided
better results for single image classification.

The classification resulting from the combination of Sentinel 1 and 2 sensors has better accuracy than the results obtained
from the classification of Sentinel 1 and Sentinel 2 images separately. Also, the use of time series images has a high
ability to distinguish agricultural products, and the statistics obtained from these methods have a high agreement with the
ground statistics. Meanwhile, the VH polarization of Sentinel 1 also has a strong contribution of vegetation and can be
well integrated with the NDVI index.
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Commented [13>]: Here are some proofreading suggestions for
the provided text:

" \Due to the increase in population, the demand for food is always
increasing." - Rephrase for clarity and conciseness.

" YPopulation increase and natural disasters such as drought, flood,
etc., have affected agricultural areas and have continuously changed
the cultivation pattern and related statistics." - Consider splitting this
into separate sentences for clarity.

" ¥To achieve food security, timely, accurate and reproducible

monitoring of cultivated areas is necessary." - Consider rephrasing
for clarity.

" ¥In this regard, the current research was carried out with the aim

of improving the accuracy of the classification of separation the crops
cultivated area using integration of multi-temporal radar and optical
sentinel images and machine learning algorithms in the agricultural
lands of northeastern Ahvaz." - Consider breaking this sentence into

smaller, clearer segments.

"

" OAfter investegation the phenology of crops..." - "investegation”

should be "investigation".

" #To achieve the goal of the research, after pre-processing the

images of Sentinel 2, only ten meter bands including band 2 (blue) in
the range of 490 nm, band 3 (green) in the range of 560 nm, band 4
(red) in the range of 665 nm and band 8 (infrared) in the range of 842
nm were used." - Consider breaking this into smaller sentences for

clarity.
" VFurther, training samples were collected and divided into two
groups for training and testing." - Rephrase for clarity.

" AThe results obtained by combining the time series of Sentinel 2

images, the time series of NDVI index and the time series of VH
polarization of Sentinel 1 with the SVM algorithm (combination 3)
among other combinations has the highest overall accuracy and
Kappa coefficient equal to 91.22% and 0.89, respectively." -

Consider breaking this into smaller, clearer sentences.
" 4From the obtained results, it can be concluded that the time series
of Sentinel 2 images and the SVM for extracting the cultivated areas
of the study area have acceptable accuracy." - Rephrase for clarity.
")+ Also, the integration of VH polarization of Sentinel 1 to the
time series of Sentinel 2 has increased the classification accuracy of
the study area about 5%." - Consider rephrasing for clarity.

") \In single image methods, if optical and radar images are

integrated, the accuracy will be improved by about 3%." - Rephrase
for clarity.

Overall, breaking longer sentences into smaller, clearer segments and
ensuring consistency in terminology and expression can enhance the

readability and clarity of the text.




Conclusion: The present study aimed to improving the accuracy of separation the crops cultivated area using
integration of multi-temporal radar and optical sentinel images and machine learning algorithms in the northeast of
Ahvaz county. To achieve the research goal, 7 time series combinations and 5 single image combinations with ML and
SVM algorithms were used. From the obtained results, it can be concluded that the time series of Sentinel 2 images and
the SVM for extracting the cultivated areas of the study area have acceptable accuracy. Also, the integration of VH
polarization of Sentinel 1 to the time series of Sentinel 2 has increased the classification accuracy of the study area
about 5%. . In single image methods, if optical and radar images are integrated, the accuracy will be improved by about
3%.

Keywords: Remote Sensing, image integration, classification, radar images, Khuzestan province. |
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