
vii 
 

Table of contents 

ACKNOWLEDGMENTS ............................................................................................ IV 
LIST OF ABBREVIATIONS ........................................................................................ VI 
ABSTRACT ................................................................................................................. XIII 
RESUMEN ................................................................................................................... XV 
RESUM ...................................................................................................................... XVII 

CHAPTER 1 ................................................................................................................... 1 

1. INTRODUCTION .............................................................................................. 2 
1.1. Importance and issues of Ecuadorian Andean forests .............................. 2 
1.2. Background and research justification ........................................................ 2 
1.3. Study zone ....................................................................................................... 4 
1.4. Multi-scale approaches .................................................................................. 6 
1.5. Tree and forest species identification using remote sensing .................... 7 
1.6. Machine and Deep Learning in tree/stand species identification ......... 10 
1.7. Thesis objectives ............................................................................................ 12 
1.8. Thesis outline ................................................................................................ 13 

CHAPTER 2 ................................................................................................................. 16 

2. IDENTIFICATION OF FORESTS AT A REGIONAL SCALE USING 

SATELLITE IMAGERY ........................................................................................... 17 
2.1. Introduction ................................................................................................... 17 
2.2. Materials and Methods ................................................................................ 20 
2.2.1. Study zone .................................................................................................. 20 
2.2.2. Polylepis stands ......................................................................................... 21 
2.2.3. Workflow description ............................................................................... 21 
2.2.3.1. Data integration ...................................................................................... 22 
2.2.3.2. Satellite data preparation....................................................................... 23 
2.2.3.3. Scenarios definition ................................................................................ 24 
2.2.3.4. Variable reduction .................................................................................. 25 
2.2.3.5. Scenarios comparation ........................................................................... 25 
2.3. Results ............................................................................................................ 26 
2.3.1. Variable reduction using RFE and comparison of classification metrics 
for different scenarios ......................................................................................... 26 
2.3.2. Comparison of the maps of the best scenarios ...................................... 28 
2.4. Discussion ...................................................................................................... 31 
2.5. Conclusions ................................................................................................... 33 

CHAPTER 3 ................................................................................................................. 35 



 

viii 
 

3. IDENTIFICATION OF TREE SPECIES AT A LOCAL SCALE USING UAV 

DATA ......................................................................................................................... 36 
3.1. Introduction ................................................................................................... 36 
3.2. Materials and methods ................................................................................ 39 
3.2.1. Study zone .................................................................................................. 39 
3.2.2. Workflow description ............................................................................... 40 
3.2.2.1. UAV data collection ................................................................................ 41 
3.2.2.2. Tree segmentation and feature extraction ........................................... 42 
3.2.2.3. Feature selection and classification ...................................................... 46 
3.2.2.4. Tree identification using PointNet and PointNet++ .......................... 47 
3.3. Results ............................................................................................................ 48 
3.3.1. Model accuracy and feature importance using RF ............................... 48 
3.3.2. Classification probabilities using RF....................................................... 51 
3.3.3. Classification results with PointNet and PointNet++ ........................... 51 
3.4. Discussion ...................................................................................................... 54 
3.5. Conclusion ..................................................................................................... 57 

CHAPTER 4 ................................................................................................................. 58 

4. IDENTIFICATION OF TREE SPECIES AT A CLOSE-RANGE SCALE 

USING RGB IMAGES FROM SMARTPHONES ................................................. 59 
4.1. Introduction ................................................................................................... 59 
4.2. Materials and methods ................................................................................ 61 
4.2.1. Study zone .................................................................................................. 61 
4.2.2. Methodology .............................................................................................. 62 
4.2.2.1. Class selection ......................................................................................... 62 
4.2.2.2. Image selection and preparation .......................................................... 64 
4.2.2.3. Training and testing models ................................................................. 66 
4.2.2.4. Deployment of the Model in Android Application ........................... 66 
4.3. Results ............................................................................................................ 67 
4.3.1. Learning Curves of the models ................................................................ 67 
4.3.2. Class Accuracy with the best model ....................................................... 68 
4.3.3. Model deployment in Android Devices ................................................. 70 
4.4. Discussion ...................................................................................................... 71 
4.5. Conclusions ................................................................................................... 73 

CHAPTER 5 ................................................................................................................. 74 

5.1 GENERAL DISCUSSION ........................................................................... 75 
5.2 FINAL CONCLUSIONS ............................................................................. 77 

REFERENCES .............................................................................................................. 81 

  


