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ABSTRACT

Land cover is important information for the management and monitoring environment
including disaster assessment in terms of flood, erosion, forest fire, landslide, and so on. Nowadays,
many machine learning methods have been used to map land cover. Scientists assessed Random
Forest (RF) to have more advantages than other image classification methods in its accuracy, its
flexibility, and it is an easy-to-use algorithm. Especially, the appearance of Google Colab has
brought the potential for RF in land cover classification. Google Colab allows researchers to
run Python code through the browser, which not only requires no installation to use or upgrade
computer hardware but also provides access free of charge to computing resources. Therefore
the research is to provide the approach RF with Google Colab environment for classifying land
cover in Quang Binh province, Vietnam using sentinel - 2 image in August 2021. The results have
indicated the ability of this research direction with an overall accuracy above 80 %.

1. INTRODUCTION

Land cover is the observed (bio)physical cover on the earth’s surface (FAO, 1998). It is
important information for the management and monitoring environment including disaster
assessment in terms of flood, erosion, forest fire, landslide, and so on. Many methods have been
used for land cover classification. Remote sensing is still an effective tool for studying land cover at
large scales (Friedl et al., 2010). Many commonly used open-access satellite imagery for mapping
land cover are Landsat (Yang and Lo, 2002; Yuan et al., 2005), Sentinel 2 (Majidi Nezhad et al.,
2019),...

Today, technological advances in storage and processing have enabled the creation of
innovative algorithms for remote sensing applications based on machine learning. One of the
most widely used algorithms is Random Forest (RF) (Breiman, 2001). It is the result of the
development of the decision trees algorithm. In the world, scientists have used the Random Forest
(Alonso Martinez et al., 2021; Gislason et al., 2006; Horning, 2010; Jin et al., 2018; Tokar et
al., 2018). (Tokar et al., 2018) used this algorithm for land cover classification of Landsat 8 and
gave an overall accuracy of 84,6 % and Kappa 0,808 for classes including cloud, water, urban
and grassland (accuracy more than 90 %), forests (accuracy nearly 75 %). (Kulkarni and Lowe,
2016) assessed Random Forest to have more advantages than other image classification methods
(Maximum likelihood, Minimum distance, Decision trees, Neural networks and Support Vector
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Machine) in accuracy, although they had the same training and testing sample.

In Vietnam, RF has started to be used recently (Le et al., 2022; Nguyen et al., 2018; Tran et
al., 2021). (Tran et al., 2021) established a land cover map for the study area of Ca Mau, Vietnam
with the application of RF and Sentinel 1 Radar, (Nguyen et al., 2018) approached RF in the R
software environment for classifying with Landsat 8. Therefore, it can be seen that RF has brought
the potential in land cover classification.

Especially, the appearance of Google Colab (GC) which runs entirely on the cloud platform,
allows researchers to execute code for image processing through the browser and is especially well
suited to machine learning (according to Google Research). However, only a few studies have used
GC (Lilay and Taye, 2023) for mapping land cover. Therefore, the research aims to provide the
approach RF with Google Colab environment for classifying land cover in Quang Binh province,
Vietnam using Sentinel-2 images.

2. STUDY AREA AND MATERIAL
2.1 Study area
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Figure 1. The study area.

Quang Binh province is in the North Central area of Vietnam with coordinates 16°55 to
18°05° North and 105°37° to 107°00” East. It borders Ha Tinh province on the North, Quang Tri
province on the South, Laos on the West, and the East Sea on the East. The provincial terrain is
narrow and sloping from the West to the East. The area is divided into specific zones: 85 % high
mountainous area and hill in the West, while the remaining is plain and coastal sandy area in the
East of the province. The seaside sand dunes belt is a natural dam that protects the land from ocean
tides (according to Quang Binh Portal).

2.2 Data resources

The study used Sentinel-2 (S2) with cloud cover of less than 30 % in August 2021.
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S2 Multispectral Instrument (MSI) is a European wide-swath, high-resolution, multi-spectral
imaging mission. The full mission with twin satellites flying in the same orbit but phased at 180°,
is designed to give a high revisit frequency of 5 days at the Equator. The orbital swath width is 290
km. S2 carries an optical instrument payload that samples 13 spectral bands: Four bands at 10 m,
six bands at 20 m and three bands at 60 m spatial resolution (ESA). The characteristics of the S2
are presented in Table 1.

Tab 1. The characteristics of Sentinel-2.

Band Number Pixel Size Description
B1 60 meters Aerosols
B2 10 meters Blue
B3 10 meters Green
B4 10 meters Red
B5 20 meters Red Edge 1
B6 20 meters Red Edge 2
B7 20 meters Red Edge 3
B8 10 meters Near infrared (NIR)
B8A 20 meters Red Edge
B9 60 meters Water vapor
B10 60 meters Shortwave infrared/Cirrus
B11 20 meters Shortwave infrared 1(SWIR 1)
B12 20 meters Shortwave infrared 2 (SWIR 2)

Source: https://sentinels.copernicus.eu

3. METHODOLOGY

3.1 Google Colab

The study used Google Colab (GC) in land cover classification. Google Colab (short for
Colaboratory) is a powerful cloud platform and is based on the Jupyter Notebook open-source
environment. It is designed to help scientists work more efficiently, especially in machine learning

fields.

Google Colab allows researchers to run Python code through the browser, which not only
requires no installation to use or upgrade computer hardware but also provides access free of
charge to computing resources. They are also the advantage of GC.

( & Untitled1ipynb B Comment 2% Share £ o
File Edit View Insert Runtime Tools Help
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2 ol
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Figure 2. Google Colab Interface.
Google Colab ingrates Python with a full of popular and pre-installed data science libraries for

data analysis and visualization. Python is an interpreted, object-oriented, high-level programming
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language. It is assessed as simple, easy to learn and mostly applies on many different platforms.

Generally, Google Colab is appropriate for people who need to work with multiple devices,
for instance, computers or laptops, tablets, and even work in many places such as home, office,...
because it has the ability to sync seamlessly between devices.

3.2 Random Forest

Random forest is one of the most popular supervised machine-learning algorithms which can
be used to solve both classification and regression issues. Random forest is a combination of tree
predictors such that each tree depends on the values of a random vector sampled independently and
with the same distribution for all trees in the forest (Breiman, 2001). Theoretically, a forest obtains
numerous trees, and the more trees more it will be stronger. Thus, one of the major advantages
of RF is that it comprises a great number of trees leading to high accuracy and preventing the
problem of overfitting. Feature bagging also makes the Random Forest classifier an effective tool
for estimating missing values as it maintains accuracy when a portion of the data is missing (IBM).

With random forest classification, decision trees are created by using different random
subsets of the given data and features. Each tree will provide its prediction to classify the data. RF
is based on the majority votes of predictions and takes the most popular result to the final output.

The below diagram illustrates how the Random Forest algorithm works.

Training Training Training
Sample Sample o Sample
> 1P 2D np
Training Set ¢ ¢
Training Training 'grainirI\g
Sample Sample e ample
1
Voting
Test Set ¢
Prediction

Figure 3. Random Forest.
Source: https://www.javatpoint.com/machine-learning-random-forest-algorithm
There are 4 steps:
Step 1: Select random samples from a given data

Step 2: Construct a decision tree for every sample and get the prediction result from every
decision tree.

Step 3: Perform the votes for every predicted target
Step 4: Choose the most voted prediction result as the final prediction result.

Random forest algorithms have three main hyperparameters which need to be set before
training. They are node size, the number of trees, and the number of features sampled.

3.3 Image Processing and Classification

Firstly, we installed and imported some libraries and maps in Google Colab such as Numpy,
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Geemap,... Because Google Earth Engine platform has provided a large of remote sensing imagery,

so we used it to import Sentinel-2 for this study.

° # Time

START_DATE = ee.Date("2821-83-01');

EMD_DATE = ee.Date('2821-88-31');

MAY_CLOUD_PROBABILITY = 3@;

# Study Area

provinceName = 'Quang Binh®

bound_wn = ee.FeatureCollection("projects/ee-thanhhoa/assets/gadmdl_VNM_1"}
province = bound_wvn.filter(ee.Filter(ee.Filter.eq( ' VARNAME_1",provinceName} )}
Map.addLayer(province, {'color': "grey', 'fillColor': 90808808}, 'Study Area")
Map.centerObject{province,8)

# Load Sentinel 2 data

s525r = ee.ImageCollection( " COPERNICUS/52_SR')

s2Clouds = ee.ImageCollection( ' COPERNICUS/S2_CLOUD_PROBABILITY")

#izualize

bands = ['B4', 'B3', "B2'1;

vizParams = {"bands”: bands,'min': 8,'max': 2888, 'gammz':1.3};

Figure 4. Set time and cloud coverage, select the study area and Sentinel-2.

Then, a set of Sentinel-2 images was filtered in August 2021 with less than 30 % cloud
coverage (Figure 4). A cloud mask was applied using the “probability” band. The composite
images were created by determining the median values of each pixel (in all bands) in the images.

The final image was clipped within the study area boundary.

Besides, adding spectral indices can increase the information and improve the results of
the classification (Pratico et al., 2021). Therefore, two indices NDVI (Normalized Difference
Vegetation Index) and NDWI (Normalized Difference Water Index) were used in the study and
added as bands in images. NDVI is a simple index but it can help recognize the difference between
the forest and cropland (Tran et al., 2022). The NDVT is calculated as formula (1) (Tucker, 1979).
While NDWTI is used to highlight water bodies against the soil and vegetation: positive values for

water features and negative ones (or zero) for soil and vegetation (McFeeters, 1996).

NIR — RED

NDVE = SR ¥ RED (1)
GREEN — NIR

NDWI'= CREEN + NIR @)

Where RED, GREEN and NIR stand for the spectral reflectance measurements acquired in

the red, green and near-infrared bands.

We used Random Forest for land cover classification in Quang Binh. Sample data for 5
classes: Forest, Cropland, Fallow, Waterbody, and Build-Up were created based on the geodatabase
of the study area, visually integrating information from Bing Map, Google Satellite, Sentinel-2 in
QGIS software. They were divided randomly with 80 % for training and 20 % for validation. For
each class, we assign a number to the property named ‘landcover’.

Figure 5 presents code for RF method with a tree number of 300 and bands used for the

classification (band 2, band 3, band 4, band 8, NDVI and NDWTI at 10m spatial resolution).
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° # Select bands for training

bands =['B2', 'B3','B4','B8', 'NDVI', 'NDWI'];

##H# RF Classifier Model Building

# ee.Classifier.smileRandomForest(numberOfTrees, variablesPerSplit, minLeafPopulation, bagFraction, maxNodes, seed)

RFclassifier = ee.Classifier.smileRandomForest(36@).train(**{
‘features': trainingsample,
'classProperty': 'Class',
'inputProperties': bands,

1)

# Classify the image

Classified = S2_StudyArea.select(bands).classify(RFclassifier)

Figure 5. Random Forest code in Google Colab.

4. RESULTS AND DISCUSSION

Google Colab allows displaying results in its interface via Geemap.

lassific i - N
€O & R classificationipynb 7+ i Qi mows & @)
Tép Chinhsia Xem Chén Thoigianchay Congcy Trogilp Moi thay 06i 03 duoc luu
+ M@ + Vanban Kétngi v A

aQ DISPLAYING RESULT

tTveA B P E
® | @ hapmgeenap.an()
# Define o palette

[=] Palette =

“s1b419°, & Forest
“2a#e56",  Croplana
1999999°, % Follon
“2c7ef2°, # Haterbody
“#76bc", # Urban

]

Map. addLayer (province, {'color': ‘red, 'fillColor': 00000000}, ‘Study Area');
Map. centerOaject (province, 8);
Map. addLayer (S2_StudyArea, vizPar:
Map.sdaLayer (Classified, {'paletts

*52_Studyhrea’)
lette, 'min':1, ‘mex':5}, 'Classified’)

a b
Figure 6. a) Sentinel-2 (True RGB color), b) Dislay results in Google Colab.
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Figure 7. Land cover of Quang Binh province in Google Colab.
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Figure 7 shows the land cover of the study area in August 2021 with 5 classes: Forest,
Cropland (also known as Agricultural land), Fallow (including Sand, Barren Land), Waterbody,
and Build-Up (also including Resident/homestead land). Generally, most of the forest area was
concentrated in the west of Quang Binh province, and part of the forest was in the coastal area
in the east. With the large forest area in the west, there is a famous forest Ke Bang within Phong
Nha-Ke Bang National Park which was recognized as a World Natural Heritage Site by UNESCO
in 2003. In addition, other land cover was scattered throughout the entire area and the eastern area.
Fallow, especially sand, was distributed in the coastal area. The water bodies contain rivers such
as Gianh, Nhat Le,... and numerous ponds.

Finally, the result of the classification is evaluated.

- Overall Accuracy (OA): OA is calculated by dividing the sum of the number of correct
classifications (the diagonal of the matrix) by the total number of samples taken (Story et al., 1986).

- Producer’s Accuracy (PA): is calculated by dividing the number of correctly classified
reference points by the total number of reference points for that class.

It corresponds to the map accuracy from the point of view of the map maker. It represents
how often real features on the ground are correctly shown on the classified map or the probability
that a certain land cover of an area on the ground is properly classified (Alonso Martinez et al.,
2021).

- User’s Accuracy (UA): is computed by dividing the total number of classified pixels that
agree with the reference data by the total number of classified pixels for that class. This value
represents the reliability of the map or the probability that a pixel classified into a given category
actually represents that category on the ground (Alonso Martinez et al., 2021).

- Kappa Coefficient: It is generated to evaluate the accuracy of classification. It compares
the accuracy obtained in the classification to the accuracy that would be obtained randomly. A
negative number indicates the classification is significantly worse than random. A value close to 1
indicates that the classification is significantly better than random.

Table 1 shows the results of the accuracy assessment including the Consumer’s accuracy and
the Producer’s accuracy of each class in the land cover. Besides, the overall error (OA) = 86.7 %,
Kappa=0.8.

Table 2. Accuracy of Land cover classification result.

Class UA (%) PA (%)
Forest 75 88.2
Cropland 85.3 78.3
Fallow 81.8 99
Waterbody 75 99
Build-Up 94.2 89.1

The UA and PA of cropland were lower than others. The main reason is that, in the image
of the study area, pixels distinguished between Cropland, Forest, and a part of Water were quite
similar. Therefore, this study used NDVI to add in Random Forest algorithm, helping to improve
the accuracy of results (above 75 %). Water bodies were recognized with high accuracy due to

International Symposium on Geoinformatics for Spatial Infrastructure Development in Earth 81
and Allied Sciences 2023



adding NDWI. The OA above 80 % and Kappa coefficient above 0.8 show that the result of
classification is generally good with Sentinel-2 and Random Forest.

Unlike other similar studies based on commercial software, Google Colab has brought the
point of novelty of our research in this field. It is an effective tool because it allows users to run
Python in the browser without the need for complex configuration, and the results were obtained
in a short time.

5.  CONCLUSION

In this study, based on the Sentinel-2 and Random Forest Algorithm, 5 classes of land
cover were classified in Quang Binh province in 2021: Forest, Cropland, Fallow, Waterbody, and
Build-Up. The accuracy of classification is generally high. Furthermore, the study also indirectly
highlights how the possibility of exploiting the potential of Google Colab in this field. The problem
is the time limit of free Google Colab sessions, the internet connection and the limited availability
of data. Therefore, the improvement in this direction will bring outstanding results. Future research
will apply different remote sensing imagery, more spectral indices, and other data such as DEM in
land cover classification.
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