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Abstract: The purpose of this study was to evaluate the feasibility and applicability of object-oriented
crop classification using Sentinel-1 images in the Google Earth Engine (GEE). In this study, two
study areas (Keshan farm and Tongnan town) with different average plot sizes in Heilongjiang
Province, China, were selected. The research time was two consecutive years (2018 and 2019),
which were used to verify the robustness of the method. Sentinel-1 images of the crop growth
period (May to September) in each study area were composited with three time intervals (10 d, 15 d
and 30 d). Then, the composite images were segmented by simple noniterative clustering (SNIC)
according to different sizes and finally, the training samples and processed images were input into
a random forest classifier for crop classification. The results showed the following: (1) the overall
accuracy of using the object-oriented classification method combined composite Sentinel-1 image
represented a great improvement compared with the pixel-based classification method in areas with
large average plots (increase by 10%), the applicable scope of the method depends on the plot size of
the study area; (2) the shorter time interval of the composite Sentinel-1 image was, the higher the crop
classification accuracy was; (3) the features with high importance of composite Sentinel-1 images
with different time intervals were mainly distributed in July, August and September, which was
mainly due to the large differences in crop growth in these months; and (4) the optimal segmentation
size of crop classification was closely related to image resolution and plot size. Previous studies
usually emphasize the advantages of object-oriented classification. Our research not only emphasizes
the advantages of object-oriented classification but also analyzes the constraints of using object-
oriented classification, which is very important for the follow-up research of crop classification using
object-oriented and synthetic aperture radar (SAR).
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1. Introduction

With continuous global population growth, the problem of food security is becoming
increasingly serious [1-3]. To meet the increase in global demand for food in the future,
improving the efficiency of food production so that it can be increased is the future gov-
ernmental focus [4-6]. The rational distribution of grain production is key to improving
the efficiency of grain production [7,8]. The accurate identification of the distribution
of different crops on cultivated land is the premise of the rational distribution of food
production; thus, accurate identification of the distribution of different crops on cultivated
land is the basic condition needed to achieve regional sustainable development and ensure
food security [9,10].

Remote sensing technology is the most commonly used technology in crop classifi-
cation [11,12]. Optical images have always been the main data used in crop classification.
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Many studies have used various machine learning methods to classify single-date or multi-
temporal optical images, usually using MODIS, which has a moderate spatial resolution
and Sentinel-2 and Landsat-8, which have medium spatial resolutions [13-16]. However,
optical images are more vulnerable to the influence of clouds, especially in some areas
with hot and rainy seasons and there are a lack of available optical images in the critical
period of crop growth [17,18]. With an increasing number of synthetic aperture radar (SAR)
platforms, SAR images show great potential for mapping crop distribution [19-21].

SAR is an active Earth observation system that can be installed on aircraft, satellites,
spaceships and other flight platforms. It can observe the earth on all days and in all weather
and it has a certain surface penetration ability [22-24]. SAR mainly records all kinds of
backscatter responses produced by crop canopy biophysical structure. Many studies have
shown that using multi-temporal SAR data can obtain better classification results than
those obtained using single-date SAR data and using multi-polarization SAR data can
obtain better classification results than can single polarization SAR data [25,26].

Although there are many studies on crop classification using SAR data, most are
pixel-based classification. Speckle noise caused by the coherence of SAR data will seri-
ously affect the accuracy of pixel-based classification results [27,28]. Some researchers
have proven that the combination of object-oriented methods and SAR data can greatly
improve the accuracy of crop classification but the general research is only in study areas
with uniform plot sizes and do not consider the applicability of object-oriented methods
combined with SAR data in different plot sizes [29,30]. In addition, some studies have
proven that when using composite optical images for crop classification, composite im-
ages with shorter time interval can obtain higher accuracy [16]. In general, the relevant
research shows that the object-oriented method is better than the traditional pixel-based
method in crop classification using SAR [26]. However, there is little research on whether
the object-oriented classification is applicable to all regions and what constraints it has.
Therefore, clarifying the impact of the time interval and spatial resolution of SAR data
on the accuracy of crop classification and evaluating the applicability of object-oriented
methods in crop classification can provide a basis for extending the application of SAR
data in crop classification.

The Google Earth Engine (GEE) is a Google cloud-based platform for processing
satellite images and other geographic data. The GEE platform stores Pb-level processing-
ready data and researchers can process several images quickly in parallel tasks, which
greatly improves the efficiency of image processing [31]. GEE has been applied to various
scales of geospatial mapping, such as rice distribution mapping, fallow land mapping, tidal
flats mapping, land cover mapping and so on [32-35]. C-band Sentinel-1 is considered to
be the most promising radar data for crop classification because it has medium temporal
and spatial resolutions and is provided free of charge to the public [36]. These conditions
provide support for crop classification based on SAR data.

The main purposes of this study were as follows: (1) to evaluate the impact of different
time intervals composite and different segmentation size object-oriented methods on the
accuracy of Sentinel-1 crop classification; (2) to study the key period of using Sentinel-1
images for crop classification; and (3) to compare the classification accuracy of two study
areas with different plot sizes and evaluate the applicability of this method.

2. Materials and Methods

To study the potential of using object-oriented and time series Sentinel-1 in crop
classification in GEE, two study areas with large differences in plot size were selected in
this study. First, the Sentinel-1 images with different time intervals were obtained by GEE
processing, the images were segmented by the simple noniterative clustering (SNIC) image
segmentation method and then the processed images were classified using a random forest
classifier. Finally, the classification accuracies of different scenarios were compared to
evaluate the effectiveness and applicability of the methods. The flowchart of this study is
shown in Figure 1.
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Figure 1. Flowchart.

2.1. Study Area

To verify the applicability of the method, two study areas with different agricul-
tural production scales were selected in this study: Keshan farm (125°07'40"/, 125°37/30"'E,
48°11'15",48°24'07"'N) and Tongnan town (124°54'15"/, 125°12/44''E, 48°2'40"/, 48°15'13''N)
in central Heilongjiang Province, China, the areas are 3.35 km? and 3.15 km? respectively.
As shown in Figure 2, the two study areas are adjacent to each other. Keshan farm is a state-
owned farm. In Tongnan town, small-scale farmers are used as the mode of agricultural
production and management. Due to the different agricultural production scales and man-
agement modes, the average plot sizes in the two areas are quite different. Corn, soybean
and rice account for more than 95% of the planting area in Heilongjiang Province [37]. The
two study areas are mainly planted with corn, soybean and rice, which are representative
for Heilongjiang Province.

Keshan farm and Tongnan town are located in the northeastern Songnen Plain, with
hilly terrain and fertile soil suitable for crop growth. Both study areas belong to the warm
and cool type climate zone, which is characterized by a dry and windy spring, a high-
temperature and rainy summer, rapid cooling in autumn, an early frost and a long winter
that has snow and is cold and dry. The annual precipitation is approximately 502.5 mm and
the precipitation in 6-8 months accounts for 68.3% of the annual amount. The frost-free
period is only 120 days and only one growing season is guaranteed. The main crops are
corn, soybean and rice and are generally sown in spring (April to May) and harvested in
autumn (September to October). In fact, the crops have not grown at the end of April and
the crops have basically been harvested at the beginning of October. Then we will take
May to September as the study period. See Table 1 for details and more information on the
major crop calendar in the study area.

Table 1. Main crop calendar of the study area.

Jain Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

corn S G G G H H
rice S G G G H H
soybeans S G G G H

Note: S—Sowing; G—Growing; H—Harvesting.
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Figure 2. Overview of the study area.

2.2. Data Selection and Preprocessing
2.2.1. Sentinel-1 SAR Image and Preprocessing

In this study, the Sentinel-1 SAR GRD dataset stored in the GEE cloud platform
was used and it included all images covering the study area in 2018 and 2019 (May to
September), including 27 images in 2018 and 22 images in 2019, it is very close to the
temporal resolution of sentinel-1 which is usually reported as 6d [38]. The Sentinel-1 SAR
GRD dataset was collected using the interference wide-band (IW) mapping mode, with
a spatial resolution of 10 m, a width of 250 km and an average incidence angle of 30—-45°.
Each Sentinel-1 image stored by the GEE platform, which had been preprocessed using
the European Space Agency’s (ESA) Sentinel-1 Toolbox including orbit restitution, thermal
noise removal, terrain correction and radiometric calibration [39-41].

In addition, all Sentinel-1 images to be used were filtered with refined Lee filter on
the GEE platform to reduce speckle. The function of each speckle filter should be adjusted
according to local image variations to smooth the values and thereby reduce speckle and
lines and edges are enhanced to maintain the sharpness of the imagery. This refined Lee
filter was chosen because it could better retain polarization information under the influence
of speckle elimination [42,43].

To evaluate the impact of Sentinel-1 images with different time intervals on classifica-
tion accuracy, the median value of observations in each temporal interval was obtained
and image time series were built. We use day of year (DOY) to represent time series.

2.2.2. Reference Data

The sample plots of this study came from the land by insurance companies and the
crop type was confirmed on the spot. In 2018, there were 483 sample plots in Keshan farm,
including 200 corn plots, 268 soybean plots and 15 rice plots; in 2019, there were 486 sample
plots, including 272 corn plots, 203 soybean plots and 11 rice plots. There were 511 sample
plots in Tongnan town in 2018, including 204 corn plots, 305 soybean plots and 2 rice plots;
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there were 542 sample plots in 2019, including 201 corn plots, 339 soybean plots and 2 rice
plots. To avoid the time-out of GEE calculation, we used ArcGIS 10.3 to transform these
sample plots into sample points. Each study area randomly selected 70% of the sample
points as the training samples and 30% of the sample points as the verification samples.
The plots in the study area are shown in Table 2.

Table 2. Plot characteristics of Keshan farm and Tongnan town.

) Number of Average Average Cir- Average Area
Location p cumference Circumference
Plots Area (m?) .

(m) Ratio
2018 Keshan Farm 483 333,499.50 3126.49 101.77
2019 Keshan Farm 486 342,129.04 3137.81 103.94
2018 Tongnan Town 511 29,175.02 1256.92 21.15
2019 Tongnan Town 542 40,173.86 1313.92 26.85

2.3. Image Segmentation

The traditional pixel-based classification method may produce “salt and pepper”
noise, especially for Sentinel-1 radar data. The object-based algorithm reduces this problem
by considering the neighborhood information of a given pixel to divide the image into
specific areas or objects according to certain parameters. In this study, the SNIC image
segmentation algorithm in GEE was used for image segmentation [44]. Firstly, the centroid
pixels on the regular grid in the image are initialized. Next, the distance of pixels in the five-
dimensional space of color and spatial coordinates is used to determine the dependency of
each pixel relative to the centroid. Atlast, the distance integrates the normalized spatial and
color distances to produce efficient, compact and nearly uniform polygons [45]. The main
parameters of the SNIC algorithm are “image”, “size”, “compactness”, “connectivity”,
“neighborhood size” and “seeds”. Among them, “image” is the image participating in
segmentation. In this study, Sentinel-1 time series images with different time intervals
composites in 2018 and 2019 (May to September) in two study areas were segmented. “Size”
refers to the spacing of super-pixel seed positions based on pixels, that is, segmentation size.
According to the situation of the study area, the “size” was set as “5”, “10”, “15”, “20”, “25”,
“30”,“35” and “40” and the impact of different segmentation sizes on classification accuracy
was evaluated. “Compactness” is compactness and the larger the value is, the closer the
segmentation results are to the square; however, because the parcels in the study area were
mostly rectangular, this study set the “compactness” value to 0. “Connectivity” stands for
connectivity, which was set to 8 in this study. “Seeds” does not need to be set in this article,
because the plot in this study area is closer to the rectangle. In the classification experiment
using Sentinel-1 images, according to the experimental setting, each time interval has one
original data control group and eight different size segmentation groups, for a total of three
time interval composites, meaning each study area had 27 experimental groups every year.

2.4. Random Forest

Random forest is an improved self-classification and decision tree (CART), which is
the most popular machine learning algorithm used for remote sensing classification [46,47].
The bootstrap sampling technique is employed to randomly extract a certain number of
samples from the original dataset to generate a new training dataset. Each tree in the
forest grows to the maximum extent without any trimming. The random sampling process
avoids the occurrence of over-fitting. Random forest has many advantages over other
algorithms [48,49]. First, random forest has been proven to be superior to other algorithms
in classification accuracy. Second, random forest can process data with high dimensions
without feature selection. The random forest algorithm uses bootstrap sampling technology
to randomly select a certain number of samples from the original data set to generate a
new training data set. Every tree in the forest can grow to its maximum without pruning.
Random sampling process avoids overfitting [50].
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It is very easy to use the random forest algorithm in the GEE cloud platform. In this
study, we set the nTree value to 300, which can ensure accuracy and avoid overfitting [51].
Mtry was set to the default value, which was the square root of the input feature data.

Random forest classifiers usually use two methods to measure the importance of
features relative to classification. MDA and MDG are, respectively, the average value of
decreasing accuracy of a feature and the value of the decreasing Gini coefficient in random
forest when other conditions are unchanged [46,47]. The higher the MDG value is, the more
important this feature is. The higher the MDA value is, the more important the feature
is. In this study, we used the MDA to evaluate the importance of different features. The
principle of MDA value is to disrupt the eigenvalue order of each feature and to measure
the influence of the order change on the accuracy of the model. This ingenious method uses
out of pocket data to calculate importance. OOB (out-of-bag) data is a part of the training
set but it is not used to train this special tree. OOB data is used to calculate the basic error
and then the order of each feature is randomly scrambled. We used the R language package
randomForest 4.6 to obtain the MDA value of the different features.

2.5. Accuracy Verification

In this study, the total accuracy (OA), kappa coefficient, producer accuracy (PA) and
user accuracy (UA) were selected to evaluate the accuracy of crop classification [52]. The
formulas are listed below:

n .o
OA (%) = % % 100 )
NY", Py — Y (P:y x Pyy)

Kappa = i=1"1 i=1\" 1+ +1 2
PP N2 — YL (Piy x Pyy) @
UA (%) = Zi 100 3)

i+

oy D
PA (%) = —= x 100 @)

Py

Here, n is the total number of columns of the confusion matrix; that is, the total number
of categories, P;; is the number of correct classifications of the upper crop-type sample in
the i-th row and i-th column of the confusion matrix, P;; and P, ; are the total number of
crop-type samples in row i and column i and N is the total number of samples used for
verification.

3. Results
3.1. Sentinel-1 Time Series

Figure 3 shows the multitemporal images curves of the average backscatter coefficients
of all samples of each crop type in the two study areas in 2018. In Figure 3, the X axis is
the time series of images at different time intervals composites and the Y axis is the value
of the backscattering coefficient. In the multitemporal images with a time interval of 30 d
in the two study areas, the VH and VV bands in June, July, August and September easily
identify rice, while the difference between corn and soybean is small. In the multitemporal
images with a time interval of 15 d in the two study areas, the difference between rice and
other crops is obvious in most periods. The difference between corn and soybean is more
obvious in the first half of September and the second half of September in the VH band
and more obvious in the second half of September in the VV band. In the multitemporal
images with a time interval of 10 d in the two study areas, the difference between rice and
other crops is still obvious. The difference between corn and soybean can be distinguished
by the VH band in early September and late September or by the VV band in early August
and late September.
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Figure 3. Variation characteristics of the average values of the polarization bands (VV and VH) of all samples of different
crops in Keshan farm and Tongnan town with different time intervals ((a), VH_30d; (b), VV_30d; (c), VH_15d; (d), VV_15d;
(e), VH_10d; (f), VV_10d).

3.2. Overall Accuracy Assessment

Tables 3 and 4 list the OAs and kappa coefficients of the different classification schemes
for Sentinel-1 time series images using different time intervals composite for Keshan farm
and Tongnan town in 2018 and 2019. At Keshan farm in 2018, Sentinel-1 with a time interval
of 10 d obtained the highest crop classification accuracy when the image segmentation
size was 30 (Figure 4). At Keshan farm in 2019, Sentinel-1 with a time interval of 10 d
obtained the highest crop classification accuracy when the image segmentation size was 25
(Figure 5). In Tongnan town in 2018, Sentinel-1 with a time interval of 10 d obtained the
highest crop classification accuracy when the image segmentation size was 15 (Figure 6).
In Tongnan town in 2019, Sentinel-1 with a time interval of 10 d obtained the highest crop
classification accuracy when the image segmentation size was 5 (Figure 7).
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Table 3. The overall accuracies obtained using different classification schemes in different study areas.

Year Study Interval . Size
Area Pixel 5 10 15 20 25 30 35 40
10d 8499 88.10 9320 93.77 9462 9292 9547 9433 94.05
Keshan 15d 79.89 8725 91.22 9377 9320 94.05 9405 93.48 91.78
Farm 30d 69.41 77.62 8442 87.82 88.10 8895 86.69 88.10 86.69
2018 10d 7204 7608 7688 7688 7419 7204 7312 7554 69.62
Tongnan 15d 75.00 7419 7339 7446 7581 7312 72.04 7392 69.89
Town 30d 7151 7581 7151 7231 7177 6720 68.01 64.78 6855
10d 80.66 90.33 92.75 94.86 93.96 9486 9426 9456 93.66
Keshan 15d 79.15 8520 90.03 9245 9094 9426 93.05 93.05 94.26
Farm 30d 7644 83.08 8520 88.82 9154 9124 9245 9215 92.75
2013 10d 7958 8090 7851 7745 7347 7560 7294 72.68 72.15
Tongnan 15d 7851 7878 7613 76.13 75.86 7958 75.86 7241 72.94
Town 30d 68.70 74.80 7056 7056 71.88 71.35 7029 72.68 70.29

Table 4. The kappa coefficients obtained using different classification schemes in different study areas.

Size

Year Interval pol 5 10 15 20 25 30 35 40
10d 070 077 087 088 090 0.87 091 089 0.89
Keshan 15d 060 075 083 088 087 089 089 088 084
Farm 30d 040 056 070 076 077 079 074 077 075
2018 10d 044 052 054 054 049 045 047 052 040
Tongnan 15d 050 049 047 050 052 047 044 048 041
Town 30d 043 052 044 045 044 035 037 030 038
10d 061 081 08 090 088 090 089 0.89 0.88
Keshan 15d 057 070 080 085 082 089 08 086 0.89
Farm 30d 054 067 071 078 083 083 085 085 0.86
2019 10d 058 061 056 054 045 051 044 044 042
Tongnan 15d 057 057 051 052 051 058 051 045 045
Town 30d 033 046 039 040 042 042 039 044 038
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s CISoybezm
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Figure 4. Crop classification results of highest crop classification accuracy with different time intervals in Keshan farm at
2018 ((a), 10d _size30; (b), 15d _size25; (c), 30d _size25; (d), 10d _Pixel; (e), 15d_Pixel; (f), 30d_Pixel).
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Figure 6. Crop classification results of highest crop classification accuracy with different time intervals in Tongnan town at

2018 ((a), 10d_sizel5; (b), 15d_size20; (c), 30d_size5; (d), 10d_Pixel; (e), 15d_ Pixel; (f), 30d_ Pixel).
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Figure 7. Crop classification results of highest crop classification accuracy with different time intervals in Tongnan town at
2019 ((a), 10d_size5; (b), 15d_size25; (c), 30d_size5; (d), 10d_Pixel; (e), 15d_ Pixel; (f), 30d_ Pixel).

In Keshan farm, where the average plot was large, the shorter time interval of Sentinel-
1 composite was, the higher the accuracy of crop classification was; compared with the
pixel-based classification method, the accuracy of using the object-oriented classification
method was greatly improved. In Tongnan town, where the average plot was small, in most
cases, the shorter time interval of Sentinel-1 composite was, the higher the accuracy of crop
classification was; an exception was the pixel-based classification in 2018. when the time
interval decreased from 15 d to 10 d, the accuracy of crop classification decreased; compared
with the pixel-based classification accuracy, using the object-oriented classification method
in Tongnan town did not result in an obvious improvement.

3.3. User Accuracy and Producer Accuracy

Figures 8 and 9 show the user accuracy (UA) and producer accuracy (PA) for images
with different time intervals using pixel-based and object-oriented classification (optimal
size) in Keshan farm and Tongnan town. For Keshan farm in 2018, Sentinel-1 with a time
interval of 10 d combined with object-oriented classification achieved the highest UA and
PA for corn and rice, Sentinel-1 with a time interval of 15 d combined with object-oriented
classification achieved the highest PA for soybean (Figure 8). Compared with pixel-based
classification, object-oriented classification always had a higher UA. In 2019, the PA and
UA of different crops showed similar performance as that in 2018 (Figure 8) and the time
interval between 10 d and 15 d was not much different between UA and PA.

In Tongnan town, there was no significant difference in the PA and UA between corn
and soybean based on pixel classification compared with object-oriented classification
and the PA and UA of corn and soybean changed irregularly with different time intervals
(Figure 9).
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Figure 8. Producer accuracy and user accuracy of highest crop classification accuracy with different time intervals in Keshan

farm at 2018 and 2019 ((a) user accuracy in 2018; (b) producer accuracy in 2018; (c) user accuracy in 2019; (d) producer
accuracy in 2019).
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Figure 9. Producer accuracy and user accuracy of highest crop classification accuracy with different time intervals in
Tongnan town at 2018 and 2019, there are only 2 rice sample sites in Tongnan Town, so no rice sample sites are assigned to
the verification sample sites ((a) user accuracy in 2018; (b) producer accuracy in 2018; (c) user accuracy in 2019; (d) producer

accuracy in 2019).
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3.4. Features Importance Assessment

In addition, this study evaluated the importance features of Sentinel-1 images with
different time intervals in Keshan farm and Tongnan town (object-oriented with optimal
segmentation size). When using Sentinel-1 images with 10-d time interval for crop classifi-
cation in Keshan farm and Tongnan town, the VH band in 2019 was more important than
that in 2018, which may be due to the reduced importance of the water-sensitive VV band
in crop classification due to the flood in 2019. This situation was not obvious when using
Sentinel-1 images with a time interval of 15 d or 30 d, mainly because the effect of flood
was eliminated by using the median value of a longer time interval (Figures 10 and 11).

The features with higher importance in Sentinel-1 images with different time intervals
were mainly distributed in July, August and September, which was mainly due to the
large differences in the structure of different crops in July, August and September. When
corn enters the heading stage in July, the dry matter on the ground increases rapidly and
the differences between corn and soybean increase. The features with higher importance
in different years also have differences, which may be caused by the differences in crop
phenology in different years.
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Figure 10. Importance assessment of crop classification features in 2018 and 2019 of Keshan farm with different time interval
composite images ((a) MeanDecreaseAccuracy_2018_10d; (b) MeanDecreaseAccuracy_2019_10d; (c) MeanDecreaseAc-
curacy_2018_15d; (d) MeanDecreaseAccuracy_2019_15d; (e) MeanDecreaseAccuracy_2018_30d; (f) MeanDecreaseAccu-

racy_2019_30d).
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Figure 11. Importance assessment of crop classification features in 2018 and 2019 of Tongnan town with different time
interval composite images ((a) MeanDecreaseAccuracy_2018_10d; (b) MeanDecreaseAccuracy_2019_10d; (c¢) MeanDe-
creaseAccuracy_2018_15d; (d) MeanDecreaseAccuracy_2019_15d; (e) MeanDecreaseAccuracy_2018_30d; (f) MeanDe-

creaseAccuracy_2019_30d).

3.5. Determination of the Optimal Segmentation Size

The traditional method of determining the optimal segment size in object-oriented
classification usually involves conducting repeated experiments. From Table 2, we can
obtain the average area and average perimeter of sample plots in Keshan farm and Tongnan
town in 2018 and 2019. We assume that the plots in the study area are evenly distributed
rectangles and the average side length of the plots can be calculated from the perimeter and
area. The long-side length and short-side length are shown in Table 5. We can obtain the
following relationship: the best segmentation size ~ average short side/image resolution.
This relationship is better applied to the large plot of Keshan farm but is slightly less
applicable to the small plot of Tongnan town.
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Table 5. The relationship between the optimal segment size and the side length of the plot.
Average Average Ave'rage AvFrage Short
Number : ; Optimal Side/Image
Long Side Short Side . .
Size Resolution
2018 ks 493 1308.03 254.96 26.67 25.50
2019 ks 486 1306.04 261.95 30 26.20
2018 tn 511 577.48 50.52 13.33 5.05
2019 tn 542 587.64 68.36 11.67 6.84

4. Discussion
4.1. Advantages of Using Time Series Sentinel-1 Images Combined with Object-Oriented
Classification Methods

In the past, research on crop classification using SAR data usually focused on obtaining
more useful information from different polarizations to improve the accuracy of crop classi-
fication [53-55]. Therefore, RADARSAT-2 data are usually used as the data source because
compared with single polarization and dual-polarization radar data, multi-polarization
RADARSAT-2 data (HH, HV, VV, VH) have obvious advantages in crop classification [56].

Dense time series images can provide more detailed phenology information, which
has been proven to improve the accuracy of crop classification [16] but RADARSAT-2 has a
revisit period of 24 d, making it difficult to obtain dense time series data. The theoretical
revisit period of Sentinel-1 data used in this study is 6 d and its temporal resolution can
effectively meet the requirements of time series-based classification methods. The research
in this study proves that using Sentinel-1 composite images with a shorter time interval
can improve the accuracy of crop classification in most cases.

Many studies have proven that object-oriented classification is superior to pixel-based
classification [57,58]. Previous studies have often used ready-made plot data directly so
that crops within the parcel can be directly identified [26] but most developing countries
do not have complete plot databases and there is no guarantee of the uniqueness of the
crops grown on each plot. In this study, the image segmentation algorithm was used
to segment the multitemporal images into “blocks” and then the pixels in the “blocks”
were regarded as being the same class, thereby reducing the impact of speckle noise in
SAR images on the classification accuracy. This study shows that the accuracy of crop
classification can be improved to a very high level (OA > 90%) by using the method of
object-oriented classification and time series Sentinel-1 in the case of a large plot size.

4.2. Advantages of Using GEE

The GEE cloud platform effectively promoted this research. GEE has been proved to
be very suitable for high-speed data analysis with large spatial processing functions [34,35].
In this study, we used GEE to select Sentinel-1 images, used refined Lee filter to reduce
speckles, composited the processed Sentinel-1 images according to different time intervals,
used the SNIC algorithm for image segmentation and finally used random forest for crop
classification. In this study, except for the band importance evaluation that was processed
in R Studio, all other processes were performed in the GEE cloud platform. If these works
are carried out offline, it may take several days to dozens of days. In the GEE cloud
platform, we focus on experimental design and code writing, which greatly improved the
efficiency of crop classification. In addition, GEE integrates many other machine learning
algorithms and image segmentation algorithms, which provides the possibility of future
algorithm improvements.

4.3. The Relationship between Image Resolution and Optimal Segmentation Size

Through the analysis of sample characteristics in Table 2, we see that the average plot
area of Keshan farm is approximately 10 times that of Tongnan town and the average plot
area perimeter ratio of Keshan farm is approximately 5 times that of Tongnan town, which
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shows that the plot of study area a is closer to the square, which is beneficial for image
segmentation.

It can be seen from Figure 12 that when the segmentation size of Keshan farm is 25 or
30, the segmentation result is closest to the boundary of the plot. At this time, the accuracy
of crop classification is the highest. If the segmentation size is too large, two adjacent plots
are mixed together; in contrast, if the segmentation size is too small, the speckle noise
cannot be removed well. Figure 13 shows that when the segmentation size of Tongnan
town is 5, the segmentation result has mixed two adjacent plots together and the accuracy
of object-oriented classification is not much better than that of pixel-based classification. Of
course, this method of judging the optimal segmentation size is applicable only to areas
with little difference in plot area.

4.4. Uncertainty of the Method

The method proposed in this study has been proven to achieve good results in Keshan
farm with a large plot area for two consecutive years. The highest OA of object-oriented
classification was approximately 95%, which was 10% higher than that of pixel-based
classification. However, in Tongnan town, which has a small plot area, the highest OA
of the object-oriented classification method was only approximately 2% higher than that
of the pixel-based classification method (Table 3). This difference is mainly because the
resolution of the Sentinel-1 image is 10 m and the plot in Tongnan town is too small.
If the segmentation size is small, the speckle noise of Sentinel-1 cannot be eliminated.
If the segmentation size is large, the “block” after segmentation may contain adjacent
plots, resulting in classification errors. We believe that this result does not mean that
the object-oriented classification method does not work in the small area of the plot but
rather that the object-oriented method needs to match the SAR image of the appropriate
spatial resolution. When the resolution of the SAR image is too low to the short-side
length of the plot, ideal accuracy cannot be obtained. In addition, since there are only three
crops in this study, the effect of the model in the more complex area of crop types needs
further study. Most of the previous studies highlight the advantages of object-oriented
classification method [26,59,60]. Our research shows that object-oriented classification
method has almost no advantages over pixel-based method in some areas, which provides
a reference for future research.

(e)

(f) (8) (h)

Figure 12. Segmentation effect of different segmentation sizes in Keshan farm ((a) size5; (b) sizel0; (c) sizel5; (d) size20; (e)
size25; (f) size30; (g) size35; (h) size40).
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Figure 13. Segmentation effect of different segmentation sizes in Tongnan town. ((a) size5; (b) sizel0; (c) sizel5; (d) size20;
(e) size25; (f) size30; (g) size35; (h) size40).

4.5. Future Research Directions

Crop classification maps are the basis of precise agricultural management [61]. It is of
great significance for regional food security and sustainable development to produce annual
crop distribution maps regularly [62]. Optical images have shown good performance in
crop classification but in areas with hot and rainy seasons, there are many clouds covering
the critical period of crop growth every year and cloud presence seriously affects the
observation of optical images. At this time, it is very important to evaluate the potential
use of SAR data for crop classification.

In this study, the method of using the object-oriented method combined with the
multitemporal Sentinel-1 images method in GEE had an obvious effect in large plot areas
but the effect in small plot areas was not obvious. The method to solve the poor effect of
small plot area classification is to use SAR images with a higher spatial resolution combined
with object-oriented methods. In addition, in this study, it was found that with the decrease
in time interval composite from 15 d to 10 d, the accuracy of crop classification was not
significantly improved; thus, we speculated that the object-oriented method combined with
SAR images with higher spatial resolutions can achieve ideal accuracy without too high of
a temporal resolution. In the next step, we will test whether the higher spatial resolution
SAR data gaofen-3 (the highest spatial resolution is 1 m) combined with object-oriented
method can significantly improve the accuracy of crop classification in small plot area. In
addition, some studies have shown that band ratio or sentinel-1 radar vegetation index can
better monitor agricultural land use [63] and other studies have proved that deep learning
algorithm combined with SAR data can obtain higher crop classification accuracy [64],
these are the directions that need further research.

5. Conclusions

The results emphasize the influence of the time interval and segmentation size of the
composite image on the accuracy of crop classification when using sentinel-1 composite
image combined with object-oriented classification. The composite image with shorter time
interval can provide more information for crop classification, so as to improve the accuracy
of crop classification. It was found that using the object-oriented classification method
combined with Sentinel-1 data in GEE greatly improved the accuracy of crop classification
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in large plot area. The object-oriented classification method obviously improves the “salt
and pepper phenomenon”, which is common in SAR data classification results, because
the method divides the image into “block” crop processing units to suppress noise. This
approach also leads to the close relationship between object-oriented crop classification
accuracy and the image segmentation effect. The closer the image segmentation result
is to the real land distribution, the higher the accuracy of crop classification is. With
the more popular use of GEE, more advanced image segmentation and more advanced
machine learning combined with GEE will obtain more accurate crop classification results.
In addition, this study evaluated the band importance of Sentinel-1 in two consecutive
years crop classification. The results showed that the features with higher importance
were mainly distributed in July, August and September and there were differences in the
features with higher importance in different years. Our study also found that the optimal
segmentation size of object-oriented classification was closely related to the short-side
length and image resolution.
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