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Abstract: Climate change has evolved in an unpredictable trend and droughts have occurred more and more severely in the 

central provinces of Vietnam. Determining the irrigated area and water requirement for various crops and the growth stage of 

each crop is an urgent need as water resources for irrigation are getting scarce year by year. This research examines the 

application of Sentinel-2 and Sentinel-1 images to map crop areas and identify the current development stage of paddy rice areas. 

The images are collected and pre-processed from 2017 to 2018 for Ha Tinh Province in Vietnam. The Maximus Likelihood 

method is used to interpret Sentinel-2 imagery for mapping agricultural crop distribution status. The research presents a new 

approach for identifying rice maturity using the Sentinel-1 image series. The Overall Accuracy (OA) and Kappa coefficient 

methods are used to evaluate the generated maps of the agricultural crop’s distribution status. This study shows the relationship 

between the Sentinel-1 VH band and the growth of rice. From the image bands, we could calculate the slope of the line correlating 

between the VH backscattering value and the growth time of rice. Along with the local planting schedule, rice life cycle, and simple 

deduction, we could determine the rice growth stage at each time of image acquisition. The results identifying the rice maturity 

progression are illustrated for Cam Hoa commune in Cam Xuyen district and Thach Hoi commune in Thach Ha district, Ha Tinh 

Province. 
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1. Introduction 

In recent years, climate change has evolved in an 

unpredictable trend and droughts have occurred more and 

more severely in the central provinces of Vietnam. 

Determining the irrigated area and water requirement for 

various crops and the growth stage of each crop is an urgent 

need as water resources for irrigation are getting scarce year 

by year. 

Various studies have used free satellite imagery to map 

crop classification. For example, a crop classification map for 

a province of Valencia (Spain) was obtained from the 

Sentinel-1 and Sentinel-2 data using the decision tree method 

with an accuracy of 93.96% [1]; applying the Random Forest 

(RF) algorithm on Sentinel-2 and Landsat-8 data in semi-arid 

environments in the Eastern Mediterranean [2]; Using the 

Maximum Likelihood (MLC), Support Vector Machine 

(SVM), RF method to produce crop distribution maps from 

Sentinel-2, Landsat-8 [3-6]. 

Conventional optical images were affected by cloud cover 

and thus, the use of radar images to determine the growth 

stage of the rice has captured the attention of many 

researchers. For instance, using Monte Carlo simulation with 

RADARSAT data to predict rice maturity [7]; Using 

ENVISAT/ASAR data to establish a rice map for the Mekong 

Delta in Vietnam, piloted in An Giang province with an 

overall accuracy of 85.3% and the kappa coefficient of 0.74 

[8, 9] and a series of studies using radar satellite images to 

map rice distribution [10-14]. In addition, a group of authors 

used machine learning algorithms training Sentinel-1 data to 

identify the rice, its yield, and height. The study was 

conducted in the Camargue region, southern France. Height 

and biomass of rice were calculated based on Sentinel-1 data 

trained by machine learning algorithms, Multiple Linear 
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Regression (MLR), Support Vector Regression (SVR) and RF. 

The results showed that the correlation between the 

polarization of VH Sentinel-1 and biomass is also very high 

with R2=0.9 and RMSE=18% (162 g·m-2) (with RF method) 

[15]. Using a combination of Gaussian distribution, VV/VH 

variance and slope coefficient of the linear regression 

equation of the VH series of Sentinel-1 imagery was 

performed for crop mapping. The overall accuracy obtained 

was 96.3% by using the decision tree and 96.6% by using the 

RF classification [16]. 

The above studies focused on rice mapping for the whole 

crop development. The algorithm for determining rice 

maturity is not feasible when applied on such large scales as 

a province or a country in a short period of time. This study 

focuses on the use of Sentinel-2 imagery data to map 

agricultural crop areas and the use of Sentinel-1 image series 

data to determine the current growth stage of rice cultivation 

areas. A new approach for determining rice maturity using 

the Sentinel-1 SAR series in Ha Tinh province, Vietnam is 

proposed. Identified rice and other crop cultivation areas and 

its growth stages at a certain period is a useful source of 

information to improve irrigation efficiency in Ha Tinh 

province. The paper is structured in the following main 

sections, after a description of the study site and data 

availability in section 2.1, the proposed methods are 

presented in section 2.2. The results and discussion are 

presented in section 3 and the main conclusions are presented 

in section 4. 

2. Methods and Data 

2.1. Research Design 

First, a field trip was conducted to identify the 

interpretation key of rice, vegetable, forest, and other 

crops for Sentinel-2 imagery. Using the Maximums 

Likelihood method was employed to classify plants based 

on the interpretation key, then filtering out the noise using 

the Majority method. The backscattering coefficient at VH 

of Sentinel-1 images is related to the growth of rice height. 

The slope of a straight line shows the variable relationship 

between the change in the VH backscattering value which 

represents the change in rice height (∆y) and the change in 

rice growth stages (∆x) which is determined in each image 

capture cycle. Finally, we make use of the planting 

schedule and the series of image bands of slope values to 

analyze the growth stage of rice. Only Sentinel-1 pixels 

within the boundaries of the rice growing areas identified 

from the Sentinel-2 imagery are used for rice maturity 

analysis. Each crop has a different coefficient of water use 

and each growth stage of the crop requires different water 

usage. 

2.2. Data 

The Sentinel-2 optical imagery data at 1C was collected 

from the European Space Agency (ESA) image database at the 

website https://scihub.copernicus.eu/dhus/ and the radar 

images of Sentinel-1 composite aperture, C band, 

Interferometric wide-swath mode image acquisition, 250 km, 

5 × 20 m resolution at Ground Range Detected (GRD) Level 1 

were collected at the following address 

https://search.asf.alaska.edu/. Images were collected in 2017 

and 2018 for Ha Tinh province. 

2.3. Methods 

2.3.1. Pre-Processing Satellite Images 

Sentinel-2 optical imagery at level 1C has been 

processed with spectral radiation and orthogonal image 

correction. After being downloaded from ESA's database, 

the image was converted from level 1C to 2A which is a 

level where errors due to atmospheric, topographic, haze 

effects were removed and preliminary classification of the 

land cover was performed with sen2cor tool 

(http://step.esa.int/main/third-party-plugins-2/sen2cor). 

2A-level Sentinel-2 products were resampled to have a 

uniform resolution for image bands. The study area of Ha 

Tinh province was created as a subset and the reference 

system was converted to the EPSG: 3405 reference system 

of Vietnam using SNAP Desktop, an open-source code 

software provided by ESA. 

Sentinel-1 Level-1 IW GRD images were detected, 

multi-looked and projected to the ground range using an 

Earth ellipsoid model. After being downloaded from the 

database, the image was calibrated, speckle filtered and 

corrected for the influence of the terrain (Range-Doppler 

Terrain Correction). The study area of Ha Tinh province was 

created as a subset and the reference system was converted to 

the EPSG: 3405 reference system of Vietnam using SNAP 

Desktop software. 

2.3.2. Interpretation of Free Sentinel-2 Optical Satellite 

Images for Mapping the Status of Agricultural Crop 

Distribution 

Sentinel-2 images were interpreted by the Maximus 

Likelihood method, a method of classification with the 

inspection. The input variable for this method is a key list 

that interprets objects such as rice, vegetable, forest and other 

crops (Table 1). To develop the interpretation keys, we 

conducted a field trip to sample the objects to be classified. 

ENVI software is used to run the classification algorithms. 

Figure 1 is the notification window showing the results of 

verifying the object separability in image interpretation keys 

in Ha Tinh province in 2018. Classification results will be 

noise-filtered by the Majority method. 

Sentinel-2 images taken in Ha Tinh province are 

significantly affected by the cloud. The Sen2Three tool is an 

extension of SNAP Desktop, using a series of Sentinel-2 

images to eliminate cloudy pixels and replace them with 

clearer pixels. 
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Table 1. Interpretation key of rice, vegetable, forest and other crops on Sentinel-2 imagery and in the field. 

No. Object Field sample Sample of Sentinel-2 images with color combination bands 3-4-8 

1 Rice 

  

2 Vegetable 

  

3 Forest 

  

4 Other crops 

  

 

 

Figure 1. The sample verifying the object separability in the 2018 image 

interpretation key - Interpretation of Sentinel-1 free radar satellite imagery to 

determine rice maturity. 

Sentinel-1 images provide two backscattering values, VV 

and VH. In this study, we use VH backscattering, which is 

sensitive to the crop height. VH backscatter values of radar 

images have different values as they are affected by different 

rice varieties, rice yield of each region, the topography of rice 

cultivating areas and the effect of speckled noise. Therefore, it 

is not feasible to track the set of VH values in a rice crop to 

identify the rice patterns. Considering a rice crop, taking the 

X-axis as the time of capturing the image and the Y-axis as the 

VH backscattering values of the pictures taken, the first point 

is at the starting time of sowing/transplanting and the 

endpoints are image capturing moments later. Thus, it is 

possible to define a series of straight lines with the equation 

y=ax + b. Using simple linear regression, we can determine 

coefficients a and b. 

Assume we have n image capturing cycles from cycle 0 to 

cycle n-1. 

Combining cycle 0 with cycle 1, we have a line y1=a1x+b1 

Combining cycle 0 with cycle 2, we have a line y2=a2x+b2 

… 

Combining cycle 0 with cycle n-1, we have a line 

yn-1=an-1x+bn-1 

The coefficient represents the variable relationship between 

the change in VH backscattering value that describes the 
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change in rice height (∆y) and the change in growth time of 

rice (∆x). For each pixel, there is a sequence of values a1, 

a2, …, an-1. The values of these coefficients are recorded to 

the image bands Slope1, Slope2, …, Slopen-1, respectively. 

Combining the RGB color scheme between these Slope 

image bands, users will see the rice’s change in height, thereby 

are able to interpolate the growth stage of the rice plant. The 

accuracy of this method is limited and the author group is 

working on improving its accuracy gradually. 

Evaluating the results of interpreting Sentinel-2 images to 

map current agricultural crop distribution status 

The method of evaluating the results of image 

interpretation uses error matrix and is implemented on ENVI 

image processing software. The two methods used are the 

Overall Accuracy (OA) method (1) and the Kappa 

Coefficient (Kappa Coefficient) method (2). 

The OA is determined using the following formula: 
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��	�����	��	�����	����	��	��������	���������

�����	�����	��	�����	��	��	��������������	�����
   (1) 

The Kappa coefficient is determined using the following 

formula: 
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         (2) 

In which: 

n is the total number of pixels, 

xii is the pixel on the diagonal of the matrix (correctly 

classified pixels), 

xi+ is the total number of pixels in rows, 

x+i is the total number of pixels in the columns. 

3. Results and Discussion 

3.1. Results of Mapping the Distribution of Crops (Rice, 

Vegetables) Based on Sentinel-2 Images 

Sentinel-2 image data collected in Ha Tinh province on 

March 5, 2018 (T48QWF) and May 16, 2018 (T48QWF, 

T48QXF) were used to map crop distribution using the 

Maximums Likelihood (Figure 2). The area of rice and 

vegetable crops was interpreted from the Sentinel-2 imagery 

in 2018 comparing to the crop area statistics shown in Table 2. 

Table 2. Comparison of the interpretation results of rice and vegetable cultivating areas with referenced crop areas. 

Year Interpretation Object Area interpreted with Sentinel-2 imagery (hectares) Referenced crop areas from Ha Tinh province (hectares) 

2018 
Rice 64,014 59,143 

Vegetables 10,049 14,504 

Verifying that the results of 2018 Sentinel-2 image interpretation has a Kappa coefficient of 0.89 and an OA of 92.42%. 

 

Figure 2. 2018 rice and vegetable crops distribution map layer (Yellow=rice, green=vegetables). 

3.2. Results of Rice Crop Progression in Sentinel-1 Imagery 

In order to verify the results of determining the rice maturity, 

Cam Hoa commune, Cam Xuyen district and Thach Hoi 

commune, Thach Ha district, Ha Tinh province are examined. An 

image series captured the winter-spring rice crop in 2018 includes 

13 Sentinel-1 image cycles on January 14, January 26, February 7, 

February 19, March 3, March 15, March 27, April 8, April 20, 
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May 2, May 14, May 26, and June 7, 2018, corresponding to the 

stages of growth and development of rice from February 6 to June 

4, 2018. 12 image bands Slope1, Slope2,… to Slope12 are 

produced. In Figure 3, the Product Explorer tab contains 12 images, 

the main screen opens 12 images simultaneously from Slope1, 

Slope2,… to Slope12, which makes it easy to see that the growth 

of rice changes gradually over time. Table 3 is a summary of 

results from the local planting calendar, rice-growing stages and 

color combination of image bands in Figure 3. 

Table 3. Tables may span across both columns. 

No. Sentinel-1 image time (2018) Number of days Growth and development stage Slope band 

1 14/1-7/2 0 Tilting the soil and wetting the field  

2 26/1-19/2 12 Wetting the field until sowing 1, 2, 3 

3 7/2-3/3 24 Sowing to tillering 2, 3, 4 

4 19/2-15/3 36 Tillering 3, 4, 5 

5 3/3-27/3 48 Tillering to leaf stem development 4, 5, 6 

6 15/3-8/4 60 Leaf stem development 5, 6, 7 

7 27/3-20/4 72 Leaf stem development and panicle formation 6, 7, 8 

8 8/4-2/5 84 Panicle formation 7, 8, 9 

9 20/4-14/5 96 Flowering 8, 9, 10 

10 2/5-26/5 108 Flowering to ripening 9, 10, 11 

11 14/5-7/6 120 Ripening to harvesting 10, 11, 12 

12 7/6 120 Completed harvest 12 

 

Figure 3. Rice growth images through 12 Slope bands. 

To see the changes more clearly, the colors for three 

consecutive Slope moments are combined to form a map layer 

that represents the times of rice growth and development 

stages. Specifically, Slope1 corresponds to Red, Slope2 

corresponds to Green, and Slope3 corresponds to Blue. 

Figure 4 shows the result of the color combination of 

Slope1, Slope2 and Slope3 image bands from January 14 to 

February 19, 2018. This was the time for tilting the soil and 

bringing water into the rice field. Area 1 has rice on the field 

and rice has not appeared on area 2 yet. 

Figure 5 demonstrates the result of the color combination of 

Slope2, Slope3 and Slope4 image bands from February 7 to 

March 3, 2018. This was the time when the rice crop is still 

low compared to the water level in the field. Area 1 has rice in 

the field while area 2 appears purple which is the watercolor 

brought into the field with sowing/transplanting in the field. 

 

Figure 4. Color combination of Slope1, Slope2 and Slope3 image bands. 
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Figure 5. Color combination of Slope2, Slope3 and Slope4 image bands. 

Figure 6 shows the results of the color combination of 

Slope3, Slope4 and Slope5 image bands from February 19 to 

March 15, 2018. This was the time of rice growing in height, 

area 1’s rice has moved to a new stage, area 2 has clearly 

recognizable rice in the field - the stage of 

sowing/transplanting to tillering. 

Figure 10 exhibits the result of the color combination of 

Slope7, Slope8 and Slope9 image bands from April 8 to May 2, 

2018. At this time, the rice is tall and is in a good development 

stage. 

Figure 11 presents the result of the color combination of 

Slope8, Slope9 and Slope10 image bands from April 20 to 

May 14, 2018. Across the study area, the combined color 

values are quite homogeneous, which means that this is the 

period when the rice is at the best 

development-stage-flowering. 

 

Figure 6. Color combination of Slope3, Slope4 and Slope5 image bands. 

 

Figure 7. Color combination of Slope4, Slope5 and Slope6 image bands. 

 

Figure 8. Color combination of Slope5, Slope6 và Slope7 image bands. 

 

Figure 9. Color combination of Slope6, Slope7 và Slope8 image bands. 

 

Figure 10. Color combination of Slope7, Slope8 and Slope9 image bands. 

 

Figure 11. Color combination of Slope8, Slope9 and Slope10 image bands. 

Figure 12 shows the result of the color combination of 

Slope9, Slope10 and Slope11 image bands from May 2 to May 

26, 2018. Rice enters the ripening stage, the color of the 
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combination changes significantly compared to that in Figure 

11. 

Figure 13 indicates the results of the color combination of 

Slope10, Slope11 and Slope12 image bands from May 14 to 

June 7, 2018. Area 1 has harvested rice (dark pink), area 2 has 

rice at the stage of fully ripe to being harvested. The Slope12 

image band in Figure 3, taken on June 7, 2018, shows that all 

the rice plants have been harvested. 

 

Figure 12. Color combination of Slope9, Slope10 and Slope11 image bands. 

 

Figure 13. Color combination of Slope10, Slope11 and Slope12 image bands. 

3.3. Field Verification and Supplementation of Industrial 

Results Interpreting Satellite Images Identifying 

Agricultural Crops 

Field survey 

Identify sampling points (Figure 14), a GPS device was to 

delineate the area of crops (rice, crops) in the field, capture the 

entire landscape around the sampling area on the camera. 

(Figure 15). 

   

Figure 14. Field survey and GPS positioning of vegetable crop areas in Xuan Linh commune, Nghi Xuan district. 

 

Figure 15. Locations of sampling points for agricultural crops (rice, vegetables). 
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Calibrate and verify the results of image interpretation for 

identifying agricultural crops 

The survey locations of crops (rice, vegetables) were 

compiled and edited in the form of a map (.shp) where 

incorrect positions were corrected directly on the agricultural 

crop map. (.shp) from the satellite image background. 

The accuracy of the map established from satellite images is 

computed using an error matrix. The matrix of errors is made 

based on comparing the results of indoor interpretation with 

the results of field surveys. This matrix is a square matrix with 

the order equals the number of layers sorted and verified. The 

header row of the columns (top row) shows the names of 

verified classes. The title column of the row (the first column) 

shows the names of the classified classes. The diagonal line 

from the top left to the bottom right of the matrix records the 

number of pixels or classified objects that coincide with the 

actual verification (exact classification). The remaining cells 

of the matrix record the number of pixels or objects with the 

following characteristics: according to the classification 

results, they belong to the class recorded on the column, but in 

fact they are verified to belong to the class recorded in the 

header of the row. They show the classification error and are 

divided into two types: errors by omission and errors by 

redundant inclusion. 

The total classification error is calculated by dividing the 

total number of correctly classified pixels (i.e the total 

diagonal value of the matrix) by the total of classified and 

verified pixels. The error for each layer is calculated by 

dividing the total pixels of that layer with the total pixels by 

row or column. The ratio of the total number of correct pixels 

for a layer divided by the total number of pixels in a column is 

called error by omitting classification. The ratio of the total 

number of correctly classified pixels in a layer divided by the 

total number of pixels classified into that group by the line is 

called redundancy error. Table 4 shows the evaluation by 

Kappa coefficient. 

Table 4. Kappa coefficient rating. 

Rating Kappa coefficient 

Very good ≥ 0.81 

Good 0.80 – 0.61 

Average 0.60 – 0.41 

Low 0.40 – 0.21 

Bad 0.20 – 0.0 

Very bad < 0.0 

3.4. Survey and Verify the Results of Image Interpretation 

for Identifying the Stage of Rice Growth 

To verify the results of Sentinel-1 image interpretation to 

monitor the growth and development of rice (rice stage), we 

serveyed in the Cam Hoa commune, Cam Xuyen district and 

Thach Hoi commune, Thach Ha district, Ha Tinh province and 

evaluate the results in the study area (figure 16): Three times 

in a rice crop, at critical times of the rice: sowing to tillering; 

panicle formation to flowering; ripening to harvesting; 

Measure the height of the rice plant at 20 points in the field 

corresponding to three important times of rice (figures 17, 18, 

19); Assess the accuracy between the height of the rice 

measured and the Slope value at the time of the rice stage from 

sowing to tillering with R2=0.92 (figure 20) and at the time of 

the rice stage from panicle formation to flowering with 

R2=0.93 (figure 21). 

 

Figure 16. Diagram of rice growth and development stage process 

interpreted from Sentinel-1 satellite images (average of 20 sample points). 

  

Figure 17. Rice stage from sowing to tillering. 

  

Figure 18. Rice stage of flowering. 

  

Figure 19. Rice stage of harvesting. 
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Figure 20. Relations of the rice height measured with Slope value at the time 

of rice stage from sowing to tillering. 

 

Figure 21. Relations of the rice height measured with Slope value at the time 

the stage of flowering. 

4. Conclusions 

This paper presents the methods and results of processing 

and interpreting Sentinel-1 and Sentinel-2 satellite images and 

the methods to evaluate the reliability of the interpretation 

results. We use the interpretation key table to interpret rice, 

vegetable, forest, and other plants on Sentinel-2 imagery and in 

the field to create a map of agricultural crops. This study also 

shows the relationship between the Sentinel-1 VH band and the 

growth of rice. From the image bands, we could calculate the 

slope of the line correlating between the VH backscattering 

value and the growth time of rice. Along with the local planting 

schedule, rice life cycle, and simple deduction, we could 

determine the rice growth stage at each time of image 

acquisition. We have programmed in Java to calculate the slope 

factor for the whole province of Ha Tinh and run it on 

computers with Intel Xeon processor, configuration E3-1505M 

v5 2.80GHz CPU, 32GB RAM memory. The time to output the 

result was less than 2 minutes. Therefore, a nationwide 

deployment will take about 2 hours. The result will be the input 

parameter for the irrigation management, monitoring and 

operating information system that is applied to Ha Tinh 

province for proper and effective irrigation. 
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