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It gives me and my team immense pleasure to present you the fourth issue of ‘Journal of Land Management and 
Geomatics Education’. For an academic institution like Land Management Training Center which is continuously focusing 
on imparting the knowledge of geoinformation in Nepal through various educational activities, this journal plays a 
significant role. It’s a big part of our institution that, we believe, will help the readers to gain some perspectives about 
geomatics field and enhance their knowledge on the domain to a great extent. For this purpose, we have been very 
conscious about improving the content and quality of this academic piece. We have requested and included articles from 
wide range of theme such as environment, climate change, disaster management, land administration and diverse topics 
such as remote sensing, Global Positioning System, UAV, Surveying and Mapping, etc. In addition, special effort has been 
given by our team of guest editors for maintaining the standard of those articles. 

The major highlights of this journal are the use of GIS, remote sensing and machine learning techniques for decision 
making, land use/land cover study and disaster management. Further, it also includes the history and current practices 
gravity survey in Nepal.

Getting the journal published was not an easy journey. Therefore, I would like to express my sincere gratitude to all those 
direct and indirect helping hands that made this attempt possible. On behalf of editorial committee, I would kindly like 
to thank the authors for their contribution on this issue. Similarly, I am very grateful to the advisory council for their 
valuable suggestions and the editorial team for their constant dedication and effort. I express my sincere gratitude to all 
the members of editorial committee for making their efforts in publishing this issue. Lastly, I express my warm regards to 
all our readers for being big source of motivation for us to publish this great piece of knowledge. 

As center has been certified with ISO 9001:2015 recently, the responsibility of the editorial board as well as center has 
been recognized high and henceforth, I would like to thank the whole LMTC family for the certification. We will be back 
again with the next issue of this journal in the upcoming year! 

A big congratulations to our institution in its 54th anniversary !

Ramesh Gyawali

Editor in Chief 

  July, 2022

EDITORIAL
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It gives me immense pleasure to present the fourth issue of the "Journal of Land Management and Geomatic Education" 
on the auspicious occasion of the 54th Anniversary of the Land Management Training Center (LMTC). Let me take this 
opportunity to congratulate entire LMTC family, who are associated with this glorious institution in one way or the 
other, and extend heartiest thankfulness to those whose contribution played significant role in attaining the height that 
LMTC has today.  

Personally, I feel proud to have the opportunity of presenting subsequent issues of the journal to the date from its 
inception. In the first issue, I highlighted the historical evolution of the center along with the significant achievements 
made so far and some newer initiatives taken that year to develop the center as the “Center of Excellence”. In the 
second issue, I presented our outstanding achievements made through innovative works over the years. In the third 
issue, I mentioned about the spirit that we walked through to witness the achievements of even higher level, despite 
the impact of global pandemic of COVID-19. In the fourth issue, with a great pride, I am reiterating our continued 
devotion and commitment in uplifting the Center’s strength in terms of capacity, quality and scope to bring the Center 
at the highest possible level that it can attain.  

Despite the effect of COVID-19 pandemic in the first quarter of this fiscal year, we kept on coping with the situation 
with a strong determination and demonstrated that we do not compromise anything in attaining our goal. Ministry 
of Land Management, Cooperatives and Poverty Alleviation has issued a new directive entitled “Land Management 
Training Center (Operation and Management) Directives, 2022” for the Center in line to develop the Center as the 
Center of Excellence. We have established a Continuously Operating Reference Station (CORS) in the premises of the 
Center to receive real time data from the Global Navigation Satellite System (GNSS). Likewise, establishment of Sun Dail, 
installation of calibration laboratory, improvement of the museum and physical facilities for the training as well as other 
basic requirements, continued efforts for continuous professional development of the staff at the Center, and timely 
modification and amendments in the curriculum of the trainings, among others are some of the great achievements 
of this year. 

Let me also reiterate the fact that the Center is determined to keep improving the quality of trainings. Our courses 
are delivered by passionate and dedicated faculties/trainers, who possess wealth of knowledge in national as well as 
international issues, and are highly qualified from renowned national and international universities. We are thrilled to 
see that young and energetic officers are highly motivated and attracted to join this institution. One of the strongest 
part of LMTC is that current workforce is strong enough to conduct any kind of training courses in the field of Geomatics 
and land administration and management. It is also proud moment to mention that we have been recognized to meet 
the quality requirements of international standard. 

Our major aspiration is to make this journal the most sought after journal for the professionals and academicians of land 
management and geomatics domain. As in the past, the glory of this journal is that all the papers are peer reviewed by 

Executive Director’s Message!
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the leading Geomatics academicians and professionals from Nepal including Mr. Janak Raj Joshi, Dr. Jagannath Aryal, 
Dr. Dev Raj Paudyal, Dr. Arun Kumar Pratihast, Dr. Subash Ghimire, Dr. Reshma Shrestha and Mr. Uma Shankar Panday, 
as the Guest Editors of the Journal. Er. Sanjeevan Shrestha, Chief Survey Officer at Survey Department, was also kind to 
review one of the papers. 

I would like to express my sincere appreciation to the fellow colleagues, the members of Advisory Committee, and the 
Editorial Committee for their invaluable contribution in bringing out this issue. More importantly, I extend my sincere 
gratitude to all the Guest Editors and reviewer Er. Shrestha for their invaluable efforts on reviewing the papers and 
guiding us to improve the quality of the Journal. I would like to thank all the authors for their resourceful professional 
contribution. I am confident that such a support and professional contribution will be continued in the upcoming issues 
too. 

Finally, let me extend special thanks to Mr. Ramesh Gyawali for facilitating the overall process of this publication, and 
Er. Sharad Mainali and Er. Bhagirath Bhatt for their tireless efforts to bring out the Journal in stipulated time. I must 
say, we are still starving of quality papers. I, once again, encourage my fellow colleagues from the Centre as well as 
the professionals of Land Management and Geomatics to contribute to the journal by providing quality articles in the 
future. 

We expect your critical feedback on our endeavor.  

Happy Reading!!!

By the way, I proudly bring into your kind information that we are now ISO (9001:2015) Certified!

Ganesh Prasad Bhatta 

Executive Director 

Land Management Training Centre 

July 14, 2022
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COMPARISON OF RANDOM FOREST, SUPPORT VECTOR 
MACHINE AND ARTIFICIAL NEURAL NETWORK 
CLASSIFIERS FOR LAND COVER CLASSIFICATION USING 
SENTINEL-2 IMAGERY 
Bhagirath Bhatt1, Suraj KC2, Sanjeevan Shrestha2 
1 Land Management Training Centre, Dhulikhel, Kavrepalanchowk, Nepal, bhagirath.bhatt@nepal.gov.np
2 Survey Department, Minbhawan, Kathmandu, Nepal, kcsuraj21@gmail.com, shr.sanjeevan@gmail.com

ABSTRACT 
Land cover maps are important for making strategies for planning and management of land and land resources. In this study, we have 
implemented three advanced non parametric machine learning classifiers: Random Forest, Support Vector Machine, and Artificial Neural 
Network for land cover classification using Sentinel-2 imagery. Accuracy assessment was performed by using different evaluation metrics 
such as mean precision and recall. The accuracy of each land cover class was further assessed in terms of sensitivity and specificity. 
Further, the significance of the difference between the resulting classifications obtained by using three different classifiers was evaluated 
by a t-test. All classification results showed high precision and recall values. The mean precision values for artificial neural network, 
random forest and support vector machine were 0.84, 0.80 and 0.78 respectively. Similarly, the recall values for ANN, random forest 
and support vector machine were 0.78, 0.72 and 0.62 respectively. The assessment of the classification with different evaluation metrics 
showed artificial neural network as the most suitable machine learning classifier for land cover classification for Sentinel 2 imagery.

KEY WORDS
Land Cover Classification, Random Forest, Support Vector Machine, Artificial Neural Network, Training Sample Data, Test Sample Data, 
Tuning Parameters 

1. INTRODUCTION
Land cover refers to the physical and biological cover at 
the surface of the earth, including water, vegetation, bare 
ground, man-made structures, etc (Zhou, L., & Yang, X. 
(2008)). Land cover maps can be prepared by using different 
approaches such as unsupervised classification, supervised 
classification, object-based image classification, and by 
using machine learning algorithms. The use of machine 
learning algorithms in land cover classification is increasing 
due to the availability of different machine learning 
algorithms with better computational capabilities than 
traditional approaches of classification. In this study, we 
have performed land cover classification of freely available 
Sentinel 2 imagery using three different classification 
algorithms: Artificial Neural Network (ANN), Random 
Forest (RF), and Support Vector Machine (SVM). The output 
obtained from different classifiers was compared with each 
other and with test data. Further, the accuracy and quality 
assessment of the classification was done and the most 
optimal model was determined.

Random Forest is one of the most widely used non 
parametric machine learning algorithms (Betts et al. 2017). 
Random forests are an ensemble learning method for 
classification, regression, and other tasks, that operate 

by constructing a multitude of decision trees at training 
time and producing the class that is the mode of the 
classes (classification) or mean prediction (regression) of 
the individual trees (Breiman, L. 2001). The popularity of 
this algorithm is due to the fact it can be used for both 
classification and regression purposes, and thus can be 
used with categorical and continuous variables (Woznicki 
et al. 2019). Because of this flexibility, RF has been used 
in a wide range of Earth Science applications including 
modelling forest cover (Betts et al. 2017), land-use (Araki 
et al. 2018), land-cover (Nitze et al. 2015), and object-
oriented mapping (Kavzoglu 2017).

Support vector machine (SVM) is another important 
machine learning classifier used for land cover mapping 
(Mountrakis et al. 2011). The principle behind the SVM 
classifier is a hyperplane that separates the data for 
different classes. The main focus is the construction 
of a hyperplane by maximizing the distance from the 
hyperplane to the nearest data point of either class. These 
nearest data points are known as support vectors (Cortes, 
C., & Vapnik, V. (1995)).

SVM builds the optimal separating hyper planes based on 
a kernel function (K). All images, of which feature vector 
lies on one side of the hyper plane, belong to class -1 and 
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the others belong to class +1. Support vector machines 
(SVM) has been shown to outperform other classifiers due 
to its overall high capacity to generalize complex features 
(Mountrakis et al. 2011). A land-cover classification study 
using Landsat-8 and involving six land-cover classes found 
that SVM was able to achieve a relatively high overall 
accuracy of 88% (Goodin et al. 2015). Recently, Mansaray 
et al. (2019) analyzed the impact of training sample size on 
the overall accuracies of SVM and RF for mapping paddy rice 
in China in 2015 and 2016. They found that for 2015, SVM 
and RF achieved overall accuracies of 90.8% and 89.2%, 
respectively, using 10 satellite observations from Landsat-8 
and Sentinel-1A. However, in 2016 SVM and RF achieved 
overall accuracies of 93.4% and 95.2%, respectively, using 
14 satellite observations from Landsat-8, Sentinel-1A and 
Sentinel-2A.

Artificial neural networks are models based on biological 
neural networks (Zhou, L., & Yang, X. (2008)). They consist 
of an interconnected group of neurons. Each neuron 
contains a single computation process. The multi-layer-
perceptron (MLP) feed-forward backpropagation neural 
networks are the most popular in practice due to their 
easiness to understand and implement. A typical structure 
of a MLP neural network is comprised of neurons and their 
links in a layered structure. The input to a neuron in such a 
network is the weighted sum of the outputs of neurons at 
the previous layer. Each neuron at both hidden and output 
layers contains a single process which is to transform the 
input using a linear or non-linear function, namely, the 
activation function.

According to Bischof et al., 1992, MLP neural networks are 
more accurate for land cover classification than traditional 
statistical methods (Bischof et al., 1992). However, their 
applicability has been challenged by the complexity of 
neural network parameterization. A number of factors need 
to be considered when parameterizing neural networks, 
which include input data, training samples, output 
settings, network architecture, initial weights, and training 
parameters. Most of the previous studies targeted several 
external factors, such as input data and training samples. 
Several studies investigated some internal parameters, 
such as the number of hidden layers (Kanellopoulos 
and Wilkinson, 1997), activation function (Shupe and 
Marsh, 2004), and the combination of training rate and 
momentum (Kavzoglu and Mather, 2003). However, their 
findings are not consistent. Further research is needed to 
comprehensively investigate the possible impacts of these 
internal parameters on the performance of land cover 
classification.

1.1 Objectives

The major objective of the study was to perform land 
cover classification of the study area by the use of machine 
learning algorithms Random Forest, Support Vector 
Machine, and Artificial Neural Network. Further, the 
accuracy of each classification algorithm was assessed and 

the most optimal method of land cover classification with 
Sentinel-2 data was determined.

1.2 Study Area

The study area comprises a portion of Kaski district, 
Gandaki Province, Nepal. It mainly covers the city Pokhara 
and nearby areas with the coordinates of the bounding box 
as follows: Long. 83.900 E and Lat. 28.400 N at upper left 
and Long. 84.280E and Lat. 28.050 N at lower right. The 
area comprises heterogeneous land cover types including 
built-up regions, cultivated area, water bodies (rivers lakes, 
etc.), forests, and fallow land. The map of the study area is 
given in Figure 1.

Figure 1. Location Map of the Study Area

2. DATASETS
Land cover classification of the study area was done by 
using Sentinel-2 imagery which was downloaded from 
Copernicus Open Access Hub(https://scihub.copernicus.
eu/dhus). The Sentinel 2 imagery consists of 13 bands 
of which four bands are of 10m resolution (Band 2, 
Band 3, Band 4 and Band 8)) and six bands are of 20m 
resolution (Band 5, Band 6, Band 7, Band 8A, Band 11 
and Band 12) were used for classification. We didn’t use 
60m resolution bands: Band 1, Band 9 and Band 10 for 
land cover classification, which carry information about 
atmospheric water content and are not suitable for land 
cover classification. The detail information of the bands of 
Sentinel -2 imagery is given in Table 1. 
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Table 1. Sentinel-2 Bands

Sentinel – 2 Bands

Sentinel – 2A
Spatial 

Resolution 
(m)

Central 
Wavelength 

(nm)

Bandwidth 
(nm)

Band 1-Coastal Aerosol 442.7 21 60

Band 1-Blue 492.4 66 10

Band 3-Green 559.8 36 10

Band 4-Red 664.6 31 10

Band 5-Veg. Red Edge 704.1 15 20

Band 6-Veg. Red Edge 740.5 15 20

Band 7-Veg. Red Edge 782.8 20 20

Band 8-NIR 832 106 10

Band-8A-Narrow NIR 864.7 21 20

Band 9-Water Vapour 945.1 20 60

Band 10-SWIR Cirrus 1373.5 31 60

Band 11-SWIR 1613.7 91 20

Band 12-SWIR 2202.4 175 20

3. METHODOLOGY
Land cover classification of the study area was performed 
by using three different machine learning algorithms: 
Random Forest, Support Vector Machine, and Artificial 
Neural Network. The coding of the entire classification 
process was carried out using R programming. The image 
downloaded from Copernicus Open Access Hub was pre-
processed prior to classification. The pre-processing process 
included cropping of the image to the extent of the study 
area, resampling 20m bands to 10m, and normalization 
of band values. The pre-processed image was used for 
land cover classification. Optimal models were generated 
for each classification algorithm: RF, SVM, and ANN using 
the same training sample data. Different parameters were 
tested for each classification algorithm and the most 
optimal parameters were used for the generation of the 
model. The optimal models were used for the classification 
of the image. The accuracy assessment of the classified 
image was done by using the test sample data and the 
results obtained from different classifiers were compared 
with each other. The accuracy of the classification was 
assessed by using different evaluation metrics such as 
mean precision and recall. Further, the accuracy of each 
land cover classes was evaluated based on the sensitivity 
and specificity of land cover classes. The flowchart showing 
the study methods for land cover classification of Sentinel 
2 image is shown in Figure 2.

3.1 Training and Test Data

Within the study area, six land cover classes were 
distinguished: builtup, cultivation, forest, grassland, 

waterbody, and others. Training data was generated for 
these six classes in QGIS using Bing Aerial Imagery. Google 
Earth Pro and Sentinel-2 Image were also used as references 
while digitizing training polygons. For each class, the 
proportion selected was arbitrary, but was guided by the 
desire for a minimum sample size of 50, where possible, 
while yet retaining a sufficient sample size for training 
purposes. The training data was split into training sample 
data and test sample data in the proportion of 70% and 
30% respectively. The details of the training and testing 
sample sizes used in the study are given in Table 2.

Table 2. Training & Test Sample Data

S.N.
Land Cover 

Class
Training 
(Pixels)

Testing (Pixels)

1. Builtup 274 117

2. Cultivation 812 348

3. Forest 16271 6972

4. Grassland 163 69

4. Waterbody 4715 2020

5.  Others 135 57

Total 22370 9583

Data Acquisition 
(Sentinel-2 Image)

Training Sample Data Test Sample Data

Optimal Models

Classified Images

Accuracy Assessment & 
Comparison Analysis

RF,SVM & ANN
Classification Algorithms

Data Preparation & Preprocessing)

Crop Image

Resampling

Scale & Centre Image (Normalization)

Split Data

 Figure 2. Flowchart of Study Methods
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3.2 Classification Algorithm and Tuning Parameters

Tuning parameters play an important role in producing 
high accuracy results when using the machine learning 
classification algorithms SVM, RF, and ANN. Each classifier 
has different tuning steps and tuned parameters. For 
each classifier, we tested a series of values for the tuning 
process with the optimal parameters determined based 
on the highest overall classification accuracy. In this study, 
the classified results obtained from the most optimal 
parameters of each classifier were used to compare the 
performance of classifiers.

3.2.1 Random Forest (RF)

In order to implement the RF, two parameters need to 
be set up: the number of trees (ntree) and the number 
of features in each split (mtry) (Breiman, L. (2001)). mtry 
refers to the number of variables available for splitting 
at each tree node. ntree refers to the number of trees to 
grow. Larger number of trees produces more stable models 
and covariate importance estimates, but requires more 
memory and a longer run time. Several studies show that 
satisfactory results could be achieved with the default 
parameters. 

3.2.2 Support Vector Machine (SVM)

The tuning parameters used in the SVM classifier are the 
Cost and Loss functions. The cost parameter decides how 
much an SVM should be allowed to “bend” with the data. 
For a low cost, we aim for a smooth decision surface, and 
we aim to classify more points correctly for a higher cost. 
It is also simply referred to as the cost of misclassification. 
The values of cost used for tuning are 0.2, 0.5, and 1. Loss 
functions L1 and L2 are used for minimizing the error. The 
values of the loss function i.e. L1 or L2 are chosen in such a 
way that the best-fitted model is obtained.

3.2.3 Artificial Neural Network (ANN)

The architecture of ANN used for classification is shown in 
Figure 3. For the ANN, we have used two parameters: size 
(number of hidden units) and decay (learning rate). 

3.3 Accuracy Assessment and Comparisons

Based on the test sample data, the confusion matrices were 
first calculated and the classification accuracies of three 
classifiers were assessed by computing mean precision 
and recall. The accuracy of each land cover class was 
assessed by means of sensitivity and specificity. Further, 
the significance of the differences between classification 
results was evaluated by means of t-tests. 

3.3.1 Sensitivity and Specificity

Sensitivity is referred to as the true positive rate while 
specificity is the true negative rate.

	

where, TP refers to positive tuples that were correctly 
labelled by the classifier.

TN refers to negative tuples that were correctly labelled by 
the classifier.

P and N refers to all positive and negative tuples respectively.

3.3.2 Precision

Precision refers to the measure of exactness. It is the 
ratio of correctly predicted positive observation to total 
predicted positive observation.

where FP refers to negative tuples that were incorrectly 
labelled as positive

3.3.3 Recall

Recall refers to the measure of completeness. It is calculated 
as the ratio of correctly predicted positive observations to 
the all observations in actual class.

where FN refers to positive tuples that were mislabeled as 
negative.

4. RESULTS AND DISCUSSION

4.1 Tuning Results

To find the optimal parameters for the RF classifier, several 
values of mtry (2, 3, 4, 5, 6, 7 & 8) were tested while the 
default value was used for ntree. The value of mtry should 
lie between the range of 1 and 10 as the number of input 
variables is 10(10 sentinel bands). The graph showing the 
optimized value of mtry is given in Figure 4. The tuning 
results of random forest show that the most appropriate 
value of mtry is 2. 

For the SVM method, we used L2 regularized SVM with 
Linear Kernel. Cost and loss functions were used as tuning 

Figure 3. The architecture of the Artificial Neural Network

1.1.1 Sensitivity and Specificity 
Sensitivity is referred to as the true positive rate while specificity is the true negative rate. 
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where, TP refers to positive tuples that were correctly labelled by the classifier. 
TN refers to negative tuples that were correctly labelled by the classifier. 
P and N refers to all positive and negative tuples respectively 

 
 
                         𝑃𝑃 = 𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹…………………(3) 
  

                       𝑅𝑅 = 𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹……………….….(4) 

  
 
                         𝑃𝑃 = 𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹…………………(3) 
  

                       𝑅𝑅 = 𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹……………….….(4) 
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parameters. The results of the tuning process are shown 
in Figure 5. From the tuning process, it was found that the 
most optimal parameters for the SVM classifier are 1 for 
the cost function and L2 for the loss function. 

For ANN, the tuning parameters size (number of hidden 
units) and decay (learning rate) were used. and the most 
optimal parameters were determined. The number of 
hidden units tested are 5, 10, and 15 while that of learning 
rate are 0.001, 0.01, and 0.1 The results of the tuning 
process are shown in Figure 6. The best results were 
obtained with a learning rate of 0.01 and the number of 
hidden units at 15.

4.2 Land Cover Classification Outputs

Three different land cover maps were obtained from 
the land cover classification using three classification 
algorithms: RF, SVM, and ANN. The land cover maps from 
the RF, SVM, and ANN classifiers are shown in Figure 9, 
Figure 10, and Figure 11 respectively. The land cover maps 
depict six land cover classes: Builtup, Cultivation, Forest, 
Grassland, Waterbody, and Others . The land cover class 
Others include open spaces and areas not included in the 
rest of the classes. We can see from the maps that there is 
not much difference between the maps in terms of visual 
appearance. The major features like lakes in Pokhara, 
other water bodies, forest areas, and cultivated areas 
are clearly depicted in all three maps. However, builtup 
areas are well represented by ANN and RF classifiers in 
comparison with the SVM classifier. Similarly, if we look in 
terms of individual features there are some differences in 
the representation of features in maps obtained from three 
different classification algorithms. For example, river which 
is a linear feature is clearly represented by SVM and ANN 
classifiers while it is not cleary depicted by random forest 
classifier as shown in the figures 7, 8 and 9. 

Figure 4. Tuning Results of the mtry parameter of the Random 
Forest Classifier

Figure 5. Tuning Results of the Support Vector Machine 
Classifier

Figure 6. Tuning Results of the Artificial Neural Network 
Classification

Figure 7. Land Cover Map from the Random Forest Classifier

Figure 8. Land Cover Map from the Support Vector Machine 
Classifier


