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ɄȺɅȽȿȼɊȼ 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮůŰɘɎɕŮɘ ůŰɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ 

əŬɘ Űɤɜ ŰŮɢɜɘəɩɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɔŮɤɚɞɔɘəɩɜ ɢŬɟŰɞɔɟŬűɘəɩɜ 

ˊɟɞɥɧɜŰɤɜ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ, ɛŮ ŮűŬɟɛɞɔɐ ůŰɖɜ ˊŮɟɘɞɢɐ ȾɨɛɖɠïȷɚɘɓŮɟɑɞɡ. ȼ ɛŮɗɞŭɞɚɞɔɘəɐ 

ˊɟɞůɏɔɔɘůɖ ɓŬůɑůŰɖəŮ ůŰɖ ůɡɚɚɞɔɐ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Sentinel1, 

Sentinel-2 əŬɘ Landsat-8, əŬɗɩɠ əŬɘ ůŮ ɏɜŬ ůɨɜɞɚɞ 39 ŰɖɚŮˊɘůəɞˊɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ 

(űŬůɛŬŰɘəɞɑ ŭŮɑəŰŮɠ, GLCM ɡűɏɠ, ŭŮɑəŰŮɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ, PCA/MNF). ȺűŬɟɛɧůŰɖəŬɜ 

ŰɏůůŮɟɘɠ Ŭɚɔɧɟɘɗɛɞɘ ŰŬɝɘɜɧɛɖůɖɠ ï Random Forest, Gradient Boosting Tree, Classification and 

Regression Tree əŬɘ Stacked Model ï ůŮ ŰɟŮɘɠ ŮˊɘɚŮɔɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɛŮ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ɔŮɤɚɞɔɘəɐ ˊɞɚɡˊɚɞəɧŰɖŰŬ.ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɔəɟɑɗɖəŬɜ ɛŮ ɚɘɗɞɚɞɔɘəɎ 

ŭŮŭɞɛɏɜŬ ŮŭɎűɞɡɠ, ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ Űɞɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ ȼɚɑŬ (2013), əŬɘ 

ŬɝɘɞɚɞɔɐɗɖəŬɜ ɓɎůŮɘ ɛŮŰɟɘəɩɜ ŬəɟɑɓŮɘŬɠ. ȼ ɏɟŮɡɜŬ ŬˊɏŭŮɘɝŮ ɧŰɘ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ, ŮɘŭɘəɎ ŰŬ ensemble ɛɞɜŰɏɚŬ, ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůűɏɟɞɡɜ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɖ 

ɢŬɟŰɞɔɟɎűɖůɖ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ, ɘŭɑɤɠ ůŮ ˊŮɟɘɞɢɏɠ ŭɨůɓŬŰŮɠ ɐ ɛŮ ́ Ůɟɘɞɟɘůɛɏɜɖ ŮˊɘŰɧˊɘŬ 

ˊɟɧůɓŬůɖ. ȼ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ əŬɘ Ŭɚɔɞɟɘɗɛɘəɩɜ ŮɟɔŬɚŮɑɤɜ ŬˊɞŭŮɑɢɗɖəŮ 

ɢɟɐůɘɛɖ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ, Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ əŬɘ Űɖɜ 

Ůɜɑůɢɡůɖ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ˊɟɞɠ ɚɐɣɖ ŰŮəɛɖɟɘɤɛɏɜɤɜ ŬˊɞűɎůŮɤɜ ůŮ ɔŮɤŰŮɢɜɘəɏɠ 

əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. 
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ABSTRACT 

This thesis investigates the effectiveness of remote sensing and machine learning techniques in 

producing high-accuracy geological mapping products, with a case study in the KymiïAliveri 

region (Central Evia, Greece). The methodological approach was based on the integration of 

satellite data from Sentinel-1, Sentinel-2, and Landsat-8, alongside a comprehensive set of 39 

remote sensing variables, including spectral indices, GLCM texture metrics, reflectance 

indicators, and dimensionality reduction components (PCA/MNF). Four classification 

algorithms ï Random Forest, Gradient Boosting Tree, Classification and Regression Tree, and 

a Stacked Ensemble Model ï were applied to three selected areas of interest with varying 

lithological and tectonic complexity. Model outputs were compared against field-based 

lithological information derived from the engineering geological map of Ilia (2013) and were 

evaluated through quantitative accuracy metrics. Results demonstrate that machine learning 

algorithms, especially ensemble-based models, can significantly enhance lithological 

discrimination, particularly in inaccessible or logistically constrained regions. The combined 

use of remote sensing and algorithmic tools proved to be valuable in reducing fieldwork costs, 

improving reproducibility, and enriching geological information, thereby supporting informed 

decision-making in geotechnical, environmental, and spatial planning contexts. 
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1 ȺȽɆȷũɋũȼ 

 ȺɘůŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ 

ȼ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ ŬˊɞŰŮɚŮɑ ɗŮɛŮɚɘɩŭɖ ŭɘŬŭɘəŬůɑŬ ůŰɖ ɔŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ, Űɖɜ 

ŮɝŮɟŮɨɜɖůɖ ɞɟɡəŰɩɜ ˊɧɟɤɜ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, əŬɗɩɠ ˊɟɞůűɏɟŮɘ əɟɑůɘɛŮɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ůɨůŰŬůɖ, Űɖɜ əŬŰŬɜɞɛɐ əŬɘ Űɖɜ ɔŮɤɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ũɖɠ. 

ɄŬɟŬŭɞůɘŬəɎ, ɖ Ůəˊɧɜɖůɖ ŰɏŰɞɘɤɜ ɢŬɟŰɩɜ ŬˊŬɘŰŮɑ ŮɜŰŬŰɘəɐ ŮˊɘŰɧˊɘŬ ɏɟŮɡɜŬ, ɔŮɔɞɜɧɠ ˊɞɡ 

əŬɗɘůŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ɢɟɞɜɞɓɧɟŬ əŬɘ ŭɡůɢŮɟɐ, ŮɘŭɘəɎ ůŮ ŭɡůˊɟɧůɘŰŮɠ ˊŮɟɘɞɢɏɠ. ȷˊɞŰŮɚŮɑ Űɖɜ 

əɨɟɘŬ ŮɟɔŬůɑŬ ɡˊŬɑɗɟɞɡ ɔɘŬ əɎɗŮ ɔŮɤɚɧɔɞ, ˊɟɞůűɏɟɞɜŰŬɠ ɛɘŬ ŰɟɘůŭɘɎůŰŬŰɖ əŬŰŬɜɧɖůɖ Űɖɠ 

ŭɞɛɐɠ Űɖɠ ɔɖɠ. ɀɏůɤ Űɖɠ ɢŬɟŰɞɔɟɎűɖůɖɠ əŬŰŬɔɟɎűɞɜŰŬɘ əŬɘ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ŰŬ ˊŮŰɟɩɛŬŰŬ, 

ɞɘ ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ, ɞɘ ŰŮəŰɞɜɘəɏɠ ŭɞɛɏɠ əŬɘ ɞɘ ɛŮŰŬɝɨ Űɞɡɠ ŮˊŬűɏɠ. 

ȷˊɧ Űɖɜ ˊŬɚŬɘɞɜŰɞɚɞɔɑŬ əŬɘ Űɖɜ ŰŮəŰɞɜɘəɐ, ɛɏɢɟɘ Űɖ ɔŮɤŰŮɢɜɘəɐ əŬɘ Űɖɜ ɡŭɟɞɔŮɤɚɞɔɑŬ, əɎɗŮ 

əɚɎŭɞɠ Űɖɠ ɔŮɤɚɞɔɑŬɠ ůŰɖɟɑɕŮŰŬɘ ůŰɖ ɢŬɟŰɞɔɟŬűɘəɐ ŬˊɞŰɨˊɤůɖ ɔɘŬ ɜŬ əŬŰŬɜɞɐůŮɘ Űɞ ˊɚŬɑůɘɞ 

ɛŮɚɏŰɖɠ əŬɘ Űɖ ɢɤɟɘəɐ ůɨɜŭŮůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ. Ƀ ɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ŭŮɜ ŮɑɜŬɘ 

Ŭˊɚɩɠ ɛɘŬ ŬɜŬˊŬɟɎůŰŬůɖȚ ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɞɚɨŰɘɛɞ ŮɟɔŬɚŮɑɞ ŬɜɎɚɡůɖɠ, ůɢŮŭɘŬůɛɞɨ əŬɘ ɚɐɣɖɠ 

ŬˊɞűɎůŮɤɜ. 

ȼ ůɖɛŬůɑŬ Űɞɡ ɔɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ŮɛűŬɜɐɠ ůŮ ˊŮŭɑŬ ɧˊɤɠ ɖ ŬɜŬɕɐŰɖůɖ űɡůɘəɩɜ ˊɧɟɤɜ, ɖ 

ˊɟɧɚɖɣɖ əŬɘ ŭɘŬɢŮɑɟɘůɖ űɡůɘəɩɜ əɘɜŭɨɜɤɜ (ɧˊɤɠ ůŮɘůɛɞɑ, əŬŰɞɚɘůɗɐůŮɘɠ əŬɘ 

ɟŮɡůŰɞˊɞɘɐůŮɘɠ), əŬɗɩɠ əŬɘ ůŰɞɜ ůɢŮŭɘŬůɛɧ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, ɧˊɤɠ ůɐɟŬɔɔŮɠ, űɟɎɔɛŬŰŬ əŬɘ 

ŭɟɧɛɞɘ.  

ȼ ŮɘəɧɜŬ 1-1 ́ ɞɡ ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕŮɘ ŬˊɧůˊŬůɛŬ Ŭˊɧ Űɞɜ ũŮɤɚɞɔɘəɧ ɉɎɟŰɖ Űɖɠ ȺɚɚɎŭŬɠ, 

əɚɑɛŬəŬɠ 1:500.000, ɧˊɤɠ ŮəŭɧɗɖəŮ Ŭˊɧ Űɞɡɠ ɀˊɞɟɜɧɓŬ əŬɘ ɅɞɜŰɞɔɘɎɜɜɖ - ɇůɘŬɛˊɎɞɡ Űɞ 

1983. Ƀ ɢɎɟŰɖɠ ŬɡŰɧɠ ŬˊŮɘəɞɜɑɕŮɘ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɢɟɩɛŬŰŬ əŬɘ ůɨɛɓɞɚŬ Űɖ ɔŮɤɚɞɔɘəɐ 
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ˊɞɘəɘɚɑŬ Űɖɠ ɢɩɟŬɠ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɞɡɠ əɡɟɘɧŰŮɟɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ, Űɘɠ 

ŰŮəŰɞɜɘəɏɠ ŭɞɛɏɠ əŬɘ Űɘɠ ɛŮŰŬɝɨ Űɞɡɠ ůɢɏůŮɘɠ ůŰɞɜ ɢɩɟɞ. ȼ ŮɘəɧɜŬ ŬɡŰɐ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ˊɟŬəŰɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ ɖ ɞˊɞɑŬ ŭŮɜ ˊɟɧəŮɘŰŬɘ Ŭˊɚɩɠ ɔɘŬ ɛɑŬ ůŰŬŰɘəɐ 

ŬˊŮɘəɧɜɘůɖȚ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ŮɟɔŬɚŮɑɞ əŬŰŬɜɧɖůɖɠ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ˊɟŬɔɛŬŰɘəɧŰɖŰŬɠ, ˊɞɡ 

ɓɞɖɗɎ Űɞɡɠ ŮˊɘůŰɐɛɞɜŮɠ ɜŬ ŮɜŰɞˊɑůɞɡɜ ɔŮɤɛɞɟűɏɠ, ɟɐɔɛŬŰŬ, əŬɘ ɕɩɜŮɠ ɛŮɚɏŰɖɠ űɡůɘəɩɜ 

ˊɧɟɤɜ ɐ əɘɜŭɨɜɤɜ. ɀɏůŬ Ŭˊɧ ŰɏŰɞɘɞɡɠ ɢɎɟŰŮɠ ŬˊɞŭŮɘəɜɨŮŰŬɘ ůŰɖɜ ˊɟɎɝɖ ɖ ɞɡůɘŬůŰɘəɐ 

ůɖɛŬůɑŬ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ Űɧůɞ ɔɘŬ Űɖɜ ŮˊɘůŰɐɛɖ ɧůɞ əŬɘ ɔɘŬ Űɘɠ ŮűŬɟɛɞɔɏɠ Űɖɠ 

ůŰɖɜ əŬɗɖɛŮɟɘɜɧŰɖŰŬ əŬɘ Űɖ ɢɎɟŬɝɖ ˊɞɚɘŰɘəɐɠ. 

 

ȺɘəɧɜŬ 1-1: ȷˊɧůɛŬůɛŬ ũŮɤɚɞɔɘəɞɨ ɢɎɟŰɖ Űɖɠ ȺɚɚɎŭŬɠ əɚ. 1:500.000 (ɀˊɞɟɜɧɓŬɠ & ɅɞɜŰɞɔɘɎɜɜɖ-

ɇůɘŬɛˊɎɞɡ, 1983) 

ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ, ɖ ŰɖɚŮˊɘůəɧˊɖůɖ ˊŬɟɏɢŮɘ ɛɘŬ ˊɞɚɨŰɘɛɖ ŮɜŬɚɚŬəŰɘəɐ, ˊɟɞůűɏɟɞɜŰŬɠ 

ŮəŰŮŰŬɛɏɜɖ əŬɘ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ˊɚɖɟɞűɞɟɑŬ ůŮ ɛŮɔɎɚŮɠ ˊŮɟɘɞɢɏɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ 

Ŭɝɘɞˊɞɑɖůɖ ŰŮɢɜɘəɩɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŰɖɚŮˊɘůəɞˊɘəɎ ŭŮŭɞɛɏɜŬ ɏɢŮɘ 
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ɛŮŰŬɛɞɟűɩůŮɘ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɚɘɗɞɚɞɔɘəɐ ŬɜŬɔɜɩɟɘůɖ. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ɧˊɤɠ ŰŬ ŰŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ, ŰŬ ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ əŬɘ ɛɖɢŬɜɏɠ 

ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ (SVM), ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŬɜŬɔɜɤɟɑůɞɡɜ ˊɟɧŰɡˊŬ əŬɘ ɜŬ 

əŬŰɖɔɞɟɘɞˊɞɘɐůɞɡɜ ŭŮŭɞɛɏɜŬ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɚɘɗɞɚɞɔɘəɏɠ əŬŰɖɔɞɟɑŮɠ ɛŮ ɛŮɔŬɚɨŰŮɟɖ 

ŬəɟɑɓŮɘŬ əŬɘ ŰŬɢɨŰɖŰŬ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ɄŬɟɎɚɚɖɚŬ, ɖ ɢɟɐůɖ 

ˊɞɚɡűŬůɛŬŰɘəɩɜ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɩɜ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ, ŭŮŭɞɛɏɜɤɜ LIDAR əŬɘ 

ɔŮɤűɡůɘəɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůɜɞˊɞɑɖůɖ ˊɞɚɚŬˊɚɩɜ ˊɖɔɩɜ ˊɚɖɟɞűɞɟɑŬɠ, 

ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ˊɚɖɟɧŰɖŰŬ əŬɘ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ɢŬɟŰɞɔɟŬűɐůŮɤɜ.  

ȼ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ əŬɘ Űɖɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ˊŬɟɏɢŮɘ Ůˊɑůɖɠ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ůɡɜŮɢɞɨɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ɛŮŰŬɓɞɚɩɜ ůŮ ˊŮɟɘɞɢɏɠ ɡˊɧ 

ŬɜɗɟɤˊɞɔŮɜɐ ˊɑŮůɖ, Ůɜɩ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ɛŮɔɎɚɞɡɠ ɧɔəɞɡɠ ŭŮŭɞɛɏɜɤɜ ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ.  

ȼ Ŭəɟɘɓɐɠ ɢŬɟŰɞɔɟɎűɖůɖ Űɤɜ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ əŬɘ ɖ əŬŰŬɜɧɖůɖ Űɖɠ ɢɤɟɘəɐɠ Űɞɡɠ 

əŬŰŬɜɞɛɐɠ ŮɜɘůɢɨŮɘ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ɔɜɩůɖ əŬɘ ůɡɛɓɎɚɚŮɘ ůŰɖ ɚɐɣɖ ŰŮəɛɖɟɘɤɛɏɜɤɜ 

ŬˊɞűɎůŮɤɜ ůŮ ɗɏɛŬŰŬ Ůɝɧɟɡɝɖɠ, ˊɟɞůŰŬůɑŬɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ɞɟɗɞɚɞɔɘəɐɠ ɢɟɐůɖɠ Űɖɠ 

ɔɖɠ.  

 ȷɜŰɘəŮɑɛŮɜɞ əŬɘ ůəɞˊɧɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮůŰɘɎɕŮɘ ůŰɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ˊŬɟŬɔɤɔɐɠ 

ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ ɔŮɤɚɞɔɘəɩɜ ɢŬɟŰɞɔɟŬűɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ɛŮ Űɖ ɢɟɐůɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞɡɠ ŭɞɟɡűɧɟɞɡɠ Sentinel-1, Sentinel-2, Landsat-8, əŬɗɩɠ əŬɘ ŰŮɢɜɘəɩɜ 

ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ. ɆŰɧɢɞɠ ŮɑɜŬɘ ɖ ɓŮɚŰɑɤůɖ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ŬˊŮɘəɧɜɘůɖɠ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ 

ɖ ɎɛŮůɖ ŮˊɘŰɧˊɘŬ ɏɟŮɡɜŬ ˊŬɟɞɡůɘɎɕŮɘ ŭɡůəɞɚɑŮɠ, ɚɧɔɤ ˊɟɧůɓŬůɖɠ ɐ əɧůŰɞɡɠ. ȼ ɛŮɗɞŭɞɚɞɔɘəɐ 

ˊɟɞůɏɔɔɘůɖ ɓŬůɑůŰɖəŮ ůŰɖ ůɡɚɚɞɔɐ əŬɘ Ŭɝɘɞˊɞɑɖůɖ Ůɜɧɠ ůɡɜɧɚɞɡ 39 ŰɖɚŮˊɘůəɞˊɘəɩɜ 

ɛŮŰŬɓɚɖŰɩɜ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ űŬůɛŬŰɘəɎ əŬɜɎɚɘŬ, ɢɤɟɘəɏɠ ɡűɏɠ əŬɘ ůŰŬŰɘůŰɘəɞɨɠ ŭŮɑəŰŮɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŬɝɘɞˊɞɘɐɗɖəŬɜ: ūŬůɛŬŰɘəɏɠ ɕɩɜŮɠ əŬɘ ŭŮɑəŰŮɠ Ŭˊɧ Űɞ Sentinel-2 (NDVI, 

NDSI), ŭŮɑəŰŮɠ ɞɟɡəŰɞɚɞɔɘəɐɠ ůɨɜɗŮůɖɠ əŬɘ ŭŮɑəŰɖɠ űɤŰŮɘɜɧŰɖŰŬɠ Ŭˊɧ Landsat-8 (Clay, 

Ferrous, Quartz, Brightness Index), ɞ́ ɘůɗɞůəɏŭŬůɖ əŬɘ ɡűɏɠ GLCM Ŭˊɧ ALOS PALSAR əŬɘ 

Sentinel-1, ɛŮɘɤɛɏɜŮɠ ůɡɜɘůŰɩůŮɠ ɗɞɟɨɓɞɡ ɛɏůɤ PCA əŬɘ MNF, ɛŮ ůŰɧɢɞ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

ˊɞɚɡŭɘɎůŰŬŰɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ɢɩɟɞɡ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ. 

ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ŰŮɚɘəɞɨ ɢŬɟŰɞɔɟŬűɘəɞɨ ˊɟɞɥɧɜŰɞɠ ŮűŬɟɛɧůŰɖəŬɜ ŰɏůůŮɟɘɠ ŭɘŬəɟɘŰɏɠ 

ˊɟɞůŮɔɔɑůŮɘɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ, əŬɗŮɛɑŬ ůŮ ɝŮɢɤɟɘůŰɐ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ (~5ï10 kmĮ), 



ũȺɋȿɃũȽȾȼ ɉȷɅɇɃũɅȷūȼɆȼ ɀȺ ɉɅȼɆȼ ɇȼȿȺɄȽɆȾɃɄȽȾɋɁ ȹȺȹɃɀȺɁɋɁ ȾȷȽ 

ɀȺŪɃȹɋɁ ɀȼɉȷɁȽȾȼɆ ɀȷŪȼɆȼɆ 

 

4 

ŮˊɘɚŮɔɛɏɜŮɠ ɩůŰŮ ɜŬ əŬɚɨˊŰɞɡɜ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ɧɚɞɡɠ Űɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ: 

¶ Random Forest (RF) ï ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ɓŬůɘůɛɏɜɞɠ ůŮ ˊɚɐɗɞɠ ŬˊɞűŬůɘůŰɘəɩɜ ŭɏɜŰɟɤɜ 

əŬɘ ŰɡɢŬɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (Breiman, 2001), 

¶ Gradient Boosted Trees (GBT) ï ˊɟɞůɏɔɔɘůɖ ůŰŬŭɘŬəɐɠ Ůɜɑůɢɡůɖɠ ɛɏůɤ ŭɘŬŭɞɢɘəɩɜ 

ŬŭɨɜŬɛɤɜ ɛɞɜŰɏɚɤɜ, 

¶ Classification and Regression Trees (CART) ï ɘŮɟŬɟɢɘəɧ ɛɞɜŰɏɚɞ ŬˊɧűŬůɖɠ ɛŮ 

ŭɘŬɑɟŮůɖ əɧɛɓɤɜ ɓɎůŮɘ ɛŮɑɤůɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ, 

¶ Stacked Model ï ɛŮŰŬ-ɛɞɜŰɏɚɞ ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ Űɤɜ ˊŬɟŬˊɎɜɤ 

Ŭɚɔɞɟɑɗɛɤɜ ˊɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ŰŮɚɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ. 

ȼ ŮəˊŬɑŭŮɡůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ɓŬůɑůŰɖəŮ ůŮ ɚɘɗɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ, ŰŬ ɞˊɞɑŬ ˊɟɞɐɚɗŬɜ Ŭˊɧ Űɞɜ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ Űɖɠ ȼɚɑŬ (2013), ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ 

(ground truth).  Ƀ ɓŬůɘəɧɠ ůəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ŭɘˊɚɧɠ: Ŭ) ɖ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ 

Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ůŰɖ ɔŮɤɚɞɔɘəɐ ŰŬɝɘɜɧɛɖůɖ ɛŮ ɓɎůɖ ɛŮŰɟɘəɏɠ ŬəɟɑɓŮɘŬɠ, əŬɘ ɓ) 

ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůɡɜŭɡŬůŰɘəɐɠ ɢɟɐůɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ əŬɘ ŰŮɢɜɖŰɐɠ ɜɞɖɛɞůɨɜɖɠ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ ŬɝɘɧˊɘůŰɤɜ, ŮˊŬɜŬɚɐɣɘɛɤɜ əŬɘ ŮɡɏɚɘəŰɤɜ ɛŮɗɧŭɤɜ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ. 

 ȹɞɛɐ əŬɘ ŭɘɎɟɗɟɤůɖ Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɝɘ əŮűɎɚŬɘŬ, ŰŬ ɞˊɞɑŬ ŭɘŬɟɗɟɩɜɞɜŰŬɘ ɤɠ 

Ůɝɐɠ: 

¶ ȾŮűɎɚŬɘɞ 1 ï ȺɘůŬɔɤɔɐ: ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ŮɘůŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ, Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ əŬɘ ɞ ůəɞˊɧɠ Űɖɠ ɏɟŮɡɜŬɠ, əŬɗɩɠ əŬɘ ɖ ůɡɜɞɚɘəɐ ŭɞɛɐ Űɖɠ ŮɟɔŬůɑŬɠ. 

¶ ȾŮűɎɚŬɘɞ 2 ï ŪŮɤɟɖŰɘəɧ ɈˊɧɓŬɗɟɞ: ȷɜŬɚɨŮŰŬɘ ɞ ɟɧɚɞɠ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ůŰɖ 

ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ, ŮɝŮŰɎɕɞɜŰŬɘ ɞɘ ŮűŬɟɛɞɔɏɠ Űɤɜ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ŭɘŮɟŮɡɜɎŰŬɘ ɖ ůɡɛɓɞɚɐ Űɤɜ ɛŮɗɧŭɤɜ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ ůŰɖɜ ŬɜɎɚɡůɖ ɔŮɤɚɞɔɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. 

¶ ȾŮűɎɚŬɘɞ 3 ï ɀŮɗɞŭɞɚɞɔɘəɐ Ʉɟɞůɏɔɔɘůɖ: ɄŮɟɘɔɟɎűŮŰŬɘ ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ 

ɛŮɗɞŭɞɚɞɔɑŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŬɟɢɘŰŮəŰɞɜɘəɏɠ Űɤɜ Random Forest, Gradient Boost 

Tree əŬɘ CART, Ůɜɩ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ɔŮɤɢɤɟɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 
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¶ ȾŮűɎɚŬɘɞ 4 ï ȺűŬɟɛɞɔɐ Űɖɠ ɀŮɗɞŭɞɚɞɔɑŬɠ: ȺɝŮŰɎɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ əŬɘ 

ŬɜŬɚɨɞɜŰŬɘ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŭɖɛɘɞɡɟɔɑŬɠ ɣŮɡŭɞɢɟɤɛŬŰɘəɩɜ ůɡɜɗɏůŮɤɜ, ɛŮɑɤůɖɠ 

ɗɞɟɨɓɞɡ əŬɘ ŬɜɎɚɡůɖɠ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ əŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŰɖɚŮˊɘůəɞˊɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ. 

¶ ȾŮűɎɚŬɘɞ 5 ï ȷˊɞŰŮɚɏůɛŬŰŬ əŬɘ ɆɡɕɐŰɖůɖ: ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ɏɟŮɡɜŬɠ, ŬɝɘɞɚɞɔŮɑŰŬɘ ɖ Ŭˊɧŭɞůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ŬɜŬɚɨŮŰŬɘ ɖ 

ŬəɟɑɓŮɘŬ Űɖɠ ɢŬɟŰɞɔɟɎűɖůɖɠ. 

¶ ȾŮűɎɚŬɘɞ 6 ï ɆɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɀŮɚɚɞɜŰɘəɏɠ ȾŬŰŮɡɗɨɜůŮɘɠ: ɆɡɜɞɣɑɕɞɜŰŬɘ ŰŬ 

ɓŬůɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ, ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ɞɘ ˊɟɞəɚɐůŮɘɠ Űɖɠ 

ɛŮɗɞŭɞɚɞɔɑŬɠ əŬɘ ŭɘŬŰɡˊɩɜɞɜŰŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɏɟŮɡɜŬ əŬɘ ɓŮɚŰɘɩůŮɘɠ. 
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2 ŪȺɋɅȼɇȽȾɃ ɈɄɃȸȷŪɅɃ ï Ƀ ɅɃȿɃɆ ɇȼɆ 

ɇȼȿȺɄȽɆȾɃɄȼɆȼɆ ȾȷȽ ɇɋɁ ɀȺŪɃȹɋɁ 

ɀȼɉȷɁȽȾȼɆ ȾȷȽ ȸȷŪȽȷɆ ɀȷŪȼɆȼɆ Ɇɇȼ 

ũȺɋȿɃũȽȾȼ ɉȷɅɇɃũɅȷūȼɆȼ 

 ȹɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ŮűŬɟɛɞɔɏɠ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ 

ɃɟɑɕɞɜŰŬɠ ŬɟɢɘəɎ Űɞ Űɘ ŮɑɜŬɘ ŰɖɚŮˊɘůəɧˊɖůɖ, ɖ ŰɖɚŮˊɘůəɧˊɖůɖ ŬˊɞŰŮɚŮɑ ɏɜŬ ŭɘŮˊɘůŰɖɛɞɜɘəɧ 

ˊŮŭɑɞ ˊɞɡ ůɡɜŭɡɎɕŮɘ ůŰɞɘɢŮɑŬ Űɏɢɜɖɠ, ŮˊɘůŰɐɛɖɠ əŬɘ ŰŮɢɜɞɚɞɔɑŬɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɞɜ ŮɜŰɞˊɘůɛɧ, 

Űɖ ɛɏŰɟɖůɖ əŬɘ Űɖɜ ŬɜɎɚɡůɖ ŭɘŬűɧɟɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ-ůŰɧɢɤɜ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ ɐ əŬɘ əɎŰɤ Ŭˊɧ ŬɡŰɐ, ɢɤɟɑɠ ɎɛŮůɖ ŮˊŬűɐ ɛŮŰŬɝɨ 

ŬɘůɗɖŰɐɟɤɜ əŬɘ ůŰɧɢɤɜ ɐ űŬɘɜɞɛɏɜɤɜ (Mani et al., 2021). ȸŬůɑɕŮŰŬɘ ůŰɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ 

ŬɜŬəɚɩɛŮɜɖɠ ɐ ŮəˊŮɛˊɧɛŮɜɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ŬɡŰɩɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ Ŭűɞɟɞɨɜ ŭɞɛɘəɎ əŬɘ űŬůɛŬŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ (Awange and Kiema, 2013). ȼ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ ŮˊɘŰŮɚŮɑ Űɞɜ ɟɧɚɞ Űɞɡ əɨɟɘɞɡ űɞɟɏŬ ˊɚɖɟɞűɞɟɘɩɜ, əŬɗɩɠ ɞɘ ŭɏəŰŮɠ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŮ ŮɜŬɏɟɘŬ (ˊ.ɢ. ŬŮɟɞůəɎűɖ, ŬŮɟɧůŰŬŰŬ) ɐ ŭɘŬůŰɖɛɘəɎ ɞɢɐɛŬŰŬ (ˊ.ɢ. ŭɞɟɡűɧɟɞɘ, 

ŭɘŬůŰɖɛɘəɎ ɚŮɤűɞɟŮɑŬ) əŬŰŬɔɟɎűɞɡɜ ůɡɜŮɢɩɠ ŰŬ ŬɜŬəɚɩɛŮɜŬ ɐ ŮəˊŮɛˊɧɛŮɜŬ ůɐɛŬŰŬ ɩůŰŮ 

ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ Űɞ əŬŰɎɚɚɖɚɞ ɡˊɧɓŬɗɟɞ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Ŭɝɘɞˊɞɑɖůɖ (Navalgund et al., 2007). 

ɇɞ 2007, ɞɘ Melesse et al. (2007) ůŰɖɜ ŮɟɔŬůɑŬ Űɞɡɠ ɛŮ ŰɑŰɚɞ çRemote Sensing Sensors and 

Applications in Environmental Resources Mapping and Modellingè, ˊŬɟɞɡůɑŬůŬɜ ɛɘŬ 

əŬŰŬɔɟŬűɐ Űɖɠ Ůɝɏɚɘɝɖɠ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɓɎůŮɘ ɘůŰɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ˊɞɡ ɝŮəɘɜɎ Ŭˊɧ Űɘɠ 



ũȺɋȿɃũȽȾȼ ɉȷɅɇɃũɅȷūȼɆȼ ɀȺ ɉɅȼɆȼ ɇȼȿȺɄȽɆȾɃɄȽȾɋɁ ȹȺȹɃɀȺɁɋɁ ȾȷȽ 
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ˊɟɩŰŮɠ űɤŰɞɔɟŬűɐůŮɘɠ ˊɞɡ ŰɟŬɓɐɢŰɖəŬɜ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ ȷô ɄŬɔəɞůɛɑɞɡ Ʉɞɚɏɛɞɡ ɞɘ ɞˊɞɑŮɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ŮɜŬɏɟɘŬ ɛɏůŬ, ɏɤɠ əŬɘ ˊɘɞ ůɨɔɢɟɞɜŮɠ əŬɘ ŮɡəɟɘɜŮɑɠ űɤŰɞɔɟŬűɐůŮɘɠ 

Ůɛˊɞɟɘəɩɜ ŬˊɞůŰɞɚɩɜ. ɀŮ ůəɞˊɧ Űɖɜ ˊɘɞ ůŬűɐ ɘůŰɞɟɘəɐ ŰŬɝɘɜɧɛɖůɖ, ɖ əŬŰŬɔɟŬűɐ ɢɤɟɑůŰɖəŮ 

ůŮ 8 ˊŮɟɘɧŭɞɡɠ. ȾɎɗŮ ˊŮɟɑɞŭɞɠ ůɡɜɎŭŮɘ əŬɘ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŰŮɢɜɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɖɠ Ůˊɞɢɐɠ 

Űɖɠ, ɧˊɤɠ ɞɘ ŬɘůɗɖŰɐɟŮɠ Landsat, MODIS, AVHRR, SPOT, ASTER, IKONOS, QuickBird, 

WorldView, Hyperspectral. 

ȸɎůŮɘ Űɖɠ ɏɟŮɡɜŬɠ Űɤɜ ůɡɔɔɟŬűɏɤɜ, ŬˊɞŭŮɑɢɗɖəŮ ́ ɤɠ ɖ ŰɖɚŮˊɘůəɧˊɖůɖ ŭɨɜŬŰŬɘ ɜŬ ˊɟɞůűɏɟŮɘ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬɜɎɚɡůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬůŰɘəɐɠ ŮɝɎˊɚɤůɖɠ, Űɞɡ 

ɛɘəɟɞəɚɑɛŬŰɞɠ, Űɖɠ ˊɚɖɗɡůɛɘŬəɐɠ ˊɡəɜɧŰɖŰŬɠ əŬɘ Űɖɠ ɢɟɐůɖɠ Űɖɠ ɔɖɠ. ȷɡŰɏɠ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ 

ŬɜŰɚɞɨɜŰŬɘ ɛŮ Űɖɜ ɓɞɖɗɖŰɘəɐ ŮɟɔŬɚŮɑɤɜ ɧˊɤɠ Űɞ ɀɞɜŰɏɚɞ V-I-S (VegetationïImpervious 

surfaceïSoil), Űɞ ɞˊɞɑɞ ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ ɓɚɎůŰɖůɖ, Űɤɜ 

ŬůŰɘəɩɜ ŬŭɘŬˊɏɟŬůŰɤɜ ˊŮɟɘɞɢɩɜ (ɚɧɔɤ əŰɘɟɑɤɜ ɐ ŭɟɧɛɤɜ) əŬɘ Űɞɡ ŮŭɎűɞɡɠ. ȷəɧɛɖ, Űɞ 

ɀɞɜŰɏɚɞ LSMA (Linear Spectral Mixture Analysis) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɖɠ 

əɎɚɡɣɖɠ ŬɜɎ ŮɘəɞɜɞůŰɞɘɢŮɑɞ ůŮ ˊŮɟɘɞɢɏɠ. ɇɏɚɞɠ, ɞɘ ȹŮɑəŰŮɠ ȸɚɎůŰɖůɖɠ (NDVI) 

ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ˊɡəɜɧŰɖŰŬ űɡŰɞəɎɚɡɣɖɠ ɛŮ ůəɞˊɧ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ˊŮɟɘɞɢɩɜ. 

ɆŰɖɜ ɑŭɘŬ ɏɟŮɡɜɎ Űɞɡɠ ɞɘ Melesse et al. (2007) ŭɘŬˊɑůŰɤůŬɜ Ůˊɑůɖɠ ɧŰɘ ɖ ŰɖɚŮˊɘůəɧˊɖůɖ 

ˊŬɟɏɢŮɘ ŭŮŭɞɛɏɜŬ ůɢŮŰɘəɎ ɛŮ ɡŭɟɞɚɞɔɘəɏɠ ŮűŬɟɛɞɔɏɠ əŬɘ ˊɚɖɛɛɡɟɘəɎ űŬɘɜɧɛŮɜŬ. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɖ ɢɟɐůɖ ɗŮɟɛɘəɩɜ əŬɜŬɚɘɩɜ ůŮ ˊŮɟɘɞɢɏɠ ɔŮɤɚɞɔɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɡˊɞɓɧůəɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ ŮɝɎŰɛɘůɖ, əŬɗɩɠ əŬɘ ɞɘ ŭŮɑəŰŮɠ ɡɔɟŬůɑŬɠ əŬɘ 

ɛɘəɟɞŰɞˊɞɔɟŬűɑŬɠ, ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ əŬŰŬɜɧɖůɖ ɟɞɐɠ Űɞɡ ɜŮɟɞɨ əŬɘ ůŰɖɜ ˊɟɧɓɚŮɣɖ 

ˊɚɖɛɛɡɟɩɜ. ȼ ŰɖɚŮˊɘůəɧˊɖůɖ ŭɖɚŬŭɐ, ɓɞɖɗɎ ůŰɖ ɢŬɟŰɞɔɟɎűɖůɖ ˊɞŰŬɛɩɜ əŬɘ ɚɘɛɜɩɜ, ɧˊɤɠ 

əŬɘ ˊŮɟɘɞɢɩɜ ɛŮ Ŭɡɝɖɛɏɜɞ ˊɚɖɛɛɡɟɘəɧ əɑɜŭɡɜɞ. ɄŬɟɎŭŮɘɔɛŬ ŰɏŰɞɘŬɠ ŮűŬɟɛɞɔɐɠ ŬˊɞŰŮɚŮɑ ɖ 

ɛŮɚɏŰɖ Űɖɠ ȿɑɛɜɖɠ Devils ůŰɘɠ ȼɄȷ (1991ï2003) ɛŮ ɢɟɐůɖ Landsat TM/ETM+ ɛŮ ůəɞˊɧ Űɖ 

ˊŬɟŬəɞɚɞɨɗɖůɖ  Űɤɜ ŬɚɚŬɔɩɜ ŮˊɘűɎɜŮɘŬɠ ɚɧɔɤ ˊɚɖɛɛɡɟɩɜ. 

ȹɘŬˊɘůŰɩɗɖəŮ Ůˊɑůɖɠ ɧŰɘ əŬɑɟɘŬɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖ ɛŮɚɏŰɖ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ əŬɘ ɖ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɓɚɎůŰɖůɖɠ əŬɘ Űɖɠ űɤŰɞəɎɚɡɣɖɠ. ȼ űɤŰɞəɎɚɡɣɖ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɞ 

űŬɘɜɧɛŮɜɞ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ, Űɖɠ ŬˊɩɚŮɘŬɠ ŭɖɚŬŭɐ Űɞɡ ɜŮɟɞɨ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ɚɧɔɤ Űɖɠ 

ŮɝɎŰɛɘůɖɠ Ŭˊɧ Űɞ ɏŭŬűɞɠ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬˊɩɚŮɘŬ ɜŮɟɞɨ ɚɧɔɤ Űɖɠ űɡŰɞəɧɛɖɠ. ũɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɖɠ űɤŰɞəɎɚɡɣɖɠ ɡˊɎɟɢŮɘ ɞ ŭŮɑəŰɖɠ NDVI, ɞ ɞˊɞɑɞɠ ɛɏůɤ Űɖɠ Ůɝɑůɤůɖɠ 

FVC = (NDVI_scaled)Į  ɞŭɖɔŮɑ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ űɡŰɞəɎɚɡɣɖɠ ɛŮ Űɖ ɢɟɐůɖ ŭɞɟɡűɞɟɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ, ŮɝɡˊɖɟŮŰɩɜŰŬɠ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Ůˊɞɢɘəɩɜ ɛŮŰŬɓɞɚɩɜ. 
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ȷɜŬűɞɟɘəɎ Űɏɚɞɠ ɛŮ Űɞɜ ŰɞɛɏŬ Űɖɠ ɔŮɤɟɔɑŬɠ əŬɘ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɤɜ ɡŭŬŰɘəɩɜ ˊɧɟɤɜ, ɖ 

ŮɟɔŬůɑŬ Űɤɜ Melesse et al. (2007) əŬŰŬɚɐɔŮɘ ůŰɞ ɧŰɘ ɖ ŰɖɚŮˊɘůəɧˊɖůɖ ɓɟɑůəŮɘ ŮűŬɟɛɞɔɐ Űɧůɞ 

ůŰɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ ɧůɞ əŬɘ ůŰɖɜ ˊɟɧɓɚŮɣɖ. ɇɞ ɛɞɜŰɏɚɞ WRSI (Water Requirement 

Satisfaction Index) ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɖɠ ˊɚɖɟɧŰɖŰŬɠ ůŮ ɡŭŬŰɘəɏɠ ŬɜɎɔəŮɠ ɛɘŬɠ 

əŬɚɚɘɏɟɔŮɘŬɠ, ɛɏůɤ Űɞɡ ɚɧɔɞɡ ETa/ETc. ȷəɧɛŬ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊɟɞɓɚɏɣŮɘɠ Ŭˊɧŭɞůɖɠ 

(yield forecasting) ɞɘ ɞˊɞɑŮɠ ůɡɜŭɡɎɕɞɡɜ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɓɟɞɢɞˊŰɩůŮɘɠ, Űɖɜ ɗŮɟɛɞəɟŬůɑŬ əŬɘ 

Űɞɡɠ ŭŮɑəŰŮɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ, Ůɜɩ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɝɖɟŬůɑŬɠ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŬɜɎɚɡůɖ 

ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ Ŭˊɧ ˊɞɘəɑɚŮɠ ɖɛŮɟɞɛɖɜɑŮɠ, əɡɟɑɤɠ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɛŮɟɘəɐ ɏɚɚŮɘɣɖ ɜŮɟɞɨ əŬɘ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɡɔɟŬůɑŬɠ. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɞɘ ůɡɔɔɟŬűŮɑɠ əŬŰŬɚɐɔɞɡɜ ůŰɞ ɧŰɘ ɖ ɢɟɐůɖ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɛˊɞɟŮɑ ɜŬ 

ɓɞɖɗɐůŮɘ ůŰɖɜ ɞɡůɘŬůŰɘəɧŰŮɟɖ əŬŰŬɜɧɖůɖ, ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ˊɧɟɤɜ. ɄɟɞŰŮɑɜŮŰŬɘ ɤůŰɧůɞ, ɖ ɏɜŰŬɝɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ˊɞɚɚŬˊɚɞɨɠ 

ŬɘůɗɖŰɐɟŮɠ (ˊ.ɢ. Landsat əŬɘ MODIS ůɡɜŭɡŬůŰɘəɎ), Ŭˊɧ ɛɘəɟɞŭɞɟɡűɧɟɞɡɠ ɛŮ ɡɣɖɚɐ 

ůɡɢɜɧŰɖŰŬ ˊŬɟŬŰɐɟɖůɖɠ əŬɘ Ŭˊɧ ɔŮɤˊɚɖɟɞűɞɟɘŬəɎ ůɡůŰɐɛŬŰŬ (GIS) ɔɘŬ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ 

ŬɜɎɚɡůɖ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ ɚɐɣɖ ŬˊɞűɎůŮɤɜ. ȷəɧɛŬ, ɖ ɡɘɞɗɏŰɖůɖ ɡˊŮɟűŬůɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɗŮɛɘŰɐ, əŬɗɩɠ ŬɡŰɎ ˊŬɟɏɢɞɡɜ ɡɣɖɚɧŰŮɟɖ űŬůɛŬŰɘəɐ ŬɜɎɚɡůɖ ŬɜŬűɟɞɘəɎ ɛŮ 

Űɖ ŰŬɝɘɜɧɛɖůɖ ŮŭŬűɩɜ, Űɖɜ ɡŭɟɞɢɖɛɘəɐ ŬɜɎɚɡůɖ əŬɘ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ ɡŭɎŰɘɜɤɜ ɛŬɕɩɜ. ȼ 

Ůɝɏɚɘɝɖ əŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɗŬ Ůɜɘůɢɨůɞɡɜ Űɖɜ 

ŰɖɚŮˊɘůəɧˊɖůɖ əŬɘ ɗŬ Űɖɜ əŬŰŬůŰɐůɞɡɜ ɏɜŬ ŬˊŬɟŬɑŰɖŰɞ ŮɟɔŬɚŮɑɞ ůŰɖɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ 

ŮˊɘůŰɐɛɖ əŬɘ ůŰɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŮűŬɟɛɞɔɏɠ ŬɡŰɐɠ. 

 

 ȼ ɢɟɐůɖ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ůŰɖ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ 

ȾŬŰɎ Űɞɡɠ, Bates əŬɘ Jackson 1979, ɖ ɔŮɤɚɞɔɑŬ ŬűɞɟɎ Űɖɜ ŮˊɘůŰɐɛɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ çɛŮɚɏŰɖ Űɞɡ ˊɚŬɜɐŰɖ ũɖ - Űɤɜ ɡɚɘəɩɜ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ, Űɤɜ 

ŭɘŮɟɔŬůɘɩɜ ˊɞɡ ŭɟɞɡɜ ůŮ ŬɡŰɎ ŰŬ ɡɚɘəɎ, Űɤɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ əŬɘ Űɖɠ ɘůŰɞɟɑŬɠ 

Űɞɡ ˊɚŬɜɐŰɖ əŬɘ Űɤɜ ɛɞɟűɩɜ ɕɤɐɠ Űɞɡ Ŭˊɧ Űɖɜ ŬˊŬɟɢɐ Űɞɡè. ȷɜŰɑůŰɞɘɢŬ, ɖ ŰɖɚŮˊɘůəɧˊɖůɖ 

ůɡɢɜɎ ˊŮɟɘɔɟɎűŮŰŬɘ ɤɠ ɖ ŮˊɘůŰɐɛɖ Űɖɠ ŬˊɧəŰɖůɖɠ ˊɚɖɟɞűɞɟɘɩɜ ɔɘŬ ɏɜŬ ɛɏɟɞɠ ɐ ɏɜŬ 

űŬɘɜɧɛŮɜɞ ɛɏůɤ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ůɡůəŮɡɏɠ ˊɞɡ ŭŮɜ 

ŬˊŬɘŰɞɨɜ Űɖɜ ŮˊŬűɐ ɛŮ Űɞ ɛɏɟɞɠ ɐ Űɞ űŬɘɜɧɛŮɜɞ. ɆɡɜŭɡɎɕɞɜŰŬɠ ŰŬ ˊŬɟŬˊɎɜɤ, ɤɠ ɔŮɤɚɞɔɘəɐ 

ŰɖɚŮˊɘůəɧˊɖůɖ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞɟɘůŰŮɑ ɖ ɛŮɚɏŰɖ ɔŮɤɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ůˊɘ Űɖɠ ɔɖɠ ɐ 

əŬɘ ůŮ Ɏɚɚɞɡɠ ˊɚŬɜɐŰŮɠ, ŮűŬɟɛɧɕɞɜŰŬɠ ŰŮɢɜɘəɏɠ ˊɞɡ ŭŮɜ ŬˊŬɘŰɞɨɜ ŮˊŬűɐ əŬɘ ˊɞɡ 

ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ űɎůɛŬ. 
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ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, ɖ ɚɘɗɞɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ əŬŰŬɚŬɛɓɎɜŮɘ ɓŬɟɨɜɞɡůŬɠ ůɖɛŬůɑŬɠ əɞɛɛɎŰɘ 

ɛɘŬɠ ɔŮɤɚɞɔɘəɐɠ ɏɟŮɡɜŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬűɞɟɎ Űɖɜ ŮɝŮɟŮɨɜɖůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ ɐ Űɖ ŭɘŬɢŮɑɟɘůɖ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɛŬɠ ŬˊŮɘəɞɜɑɕŮɘ ɧɚŮɠ Űɘɠ ɢɟɐůɘɛŮɠ ɔɜɩůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ 

űɚɞɘɧ Űɖɠ ɔɖɠ əŬɘ ŰŬ ůɡůŰŬŰɘəɎ ˊɞɡ Űɞɜ ŬˊŬɟŰɑɕɞɡɜ.  

Ƀɘ ɔŮɤɚɞɔɘəɞɑ ɢɎɟŰŮɠ ŬəɟɘɓŮɑŬɠ ɢŬɟɑɕɞɡɜ ˊɚɖɗɩɟŬ ŭŮŭɞɛɏɜɤɜ ɤɠ ˊɟɞɠ Űɖ ůɨůŰŬůɖ əŬɘ Űɖɜ 

əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬűɧɟɤɜ ˊŮŰɟɤɛɎŰɤɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɛɘŬ ˊŮɟɘɞɢɐ ɡˊɧ ɏɟŮɡɜŬ, ɧɛɤɠ 

ŰŬɡŰɧɢɟɞɜŬ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡɠ ɛŮ ˊŬɟŬŭɞůɘŬəɏɠ ɛŮɗɧŭɞɡɠ ŬˊŬɘŰŮɑ ůɖɛŬɜŰɘəɐ ˊŬɟɞɡůɑŬ ůŰɞ 

ˊŮŭɑɞ ɛŮ ɞ,Űɘ ŬɡŰɧ ůɡɜŮˊɎɔŮŰŬɘ ɤɠ ˊɟɞɠ Űɞɜ ɢɟɧɜɞ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ˊɟɞůɏɔɔɘůɖɠ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮɨəɞɚŬ ˊɟɞůɓɎůɘɛŮɠ. Ⱥŭɩ ŮɑɜŬɘ ˊɞɡ ɖ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ 

ŰɖɚŮˊɘůəɧˊɖůɖɠ ŬɜŬŭŮɘəɜɨŮŰŬɘ ůɖɛŬɜŰɘəɐ, Ŭűɞɨ əŬɗɑůŰŬŰŬɘ ůŬűɏɠ ˊɤɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɢŮɘ 

ɚŮˊŰɞɛŮɟɐ ŭŮŭɞɛɏɜŬ ɔɘŬ ŮɡɟŮɑŮɠ ˊŮɟɘɞɢɏɠ ɛŮ ŮɚɎɢɘůŰɞ əɧˊɞ. 

Ⱥŭɩ əŬɘ ɛŮɟɘəɎ ɢɟɧɜɘŬ, ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ˊɞɡ ŮůŰɘɎɕɞɡɜ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŮɘəɧɜŬɠ ˊɞɡ ŬűɞɟɎ 

ůŮ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ, ɏɢɞɡɜ ŮɜŰŬɢɗŮɑ ůŰɖɜ ɚɘɗɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ ŮůŰɘɎɕɞɜŰŬɠ 

ŬəɧɛŬ əŬɘ ůŰɘɠ ɕɩɜŮɠ ŮɝŬɚɚɞɑɤůɖɠ ɐ ůŰɘɠ ŰŮəŰɞɜɘəɏɠ ɔɟŬɛɛɏɠ. ɄɚɖɗɩɟŬ ŮɟŮɡɜɩɜ ɏɢɞɡɜ ɗɏůŮɘ 

ůŰɞ ŮˊɑəŮɜŰɟɞ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ, Űɖɜ ɩɟŬ ˊɞɡ ɖ ɢɟɐůɖ Ŭɚɔɞɟɑɗɛɤɜ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɏɢŮɘ ŮɜŰŬɢɗŮɑ ůŰɖɜ ŰɖɚŮˊɘůəɧˊɖůɖ ŮˊŮəŰŮɑɜɞɜŰŬɠ Ůˊɘˊɚɏɞɜ Űɞɡɠ ɞɟɑɕɞɜŰŮɠ 

Űɖɠ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ Ůűɧůɞɜ ŭɨɜŬɜŰŬɘ ɜŬ 

ŮəˊŬɘŭŮɡŰɞɨɜ ůŰɞ ɜŬ ŮɜŰɞˊɑɕɞɡɜ ɛɞŰɑɓŬ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɛŮ Űɖɜ ˊŬɟɎɚɚɖɚɖ ɘəŬɜɧŰɖŰŬ ůŮ 

ŰŬɝɘɜɧɛɖůɖ Űɞɡɠ ɛŮ ɓɎůɖ Űɞ ɚɘɗɞɚɞɔɘəɧ Űɞɡɠ ˊɟɞűɑɚ, ŮɑɜŬɘ ɝŮəɎɗŬɟɞ ˊɤɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ 

ɛŮɗɧŭɞɡɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɜ ˊŬɚɘɧŰŮɟŬ ɗŬ ɛˊɞɟɞɨɜ ɜŬ ɞɚɞəɚɖɟɩůɞɡɜ Űɖɜ ɏɟŮɡɜŬ ɛŮ 

Ŭɡɝɖɛɏɜɖ ŰŬɢɨŰɖŰŬ əŬɘ Ŭˊɧŭɞůɖ. Ⱥˊɘˊɚɏɞɜ ɛŮ Űɖ ɢɟɐůɖ Ŭɚɔɞɟɑɗɛɤɜ ůŰɖɜ ŰɖɚŮˊɘůəɧˊɖůɖ 

əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɖ ŮˊŮɝŮɟɔŬůɑŬ ɡˊɏɟɞɔəɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ˊɖɔɏɠ ɛŮ ŮɜŰŮɚɩɠ ŭɘŬűɞɟŮŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ, ɧˊɤɠ ˊɞɚɡűŬůɛŬŰɘəɐ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ, ŭŮŭɞɛɏɜŬ Lidar ɐ 

ɔŮɤűɡůɘəɎ, ˊɟɞůŭɑŭɞɜŰŬɠ ůŰɖɜ ɢŬɟŰɞɔɟɎűɖůɖ Ŭɡɝɖɛɏɜɖ ŬəɟɑɓŮɘŬ ůŮ ůɖɛŬɜŰɘəɎ ɛŮɘɤɛɏɜɞ 

ɢɟɧɜɞ əŬɘ əɧůŰɞɠ. 

ȾŬŰŬɚɖəŰɘəɎ, ɖ ŰɖɚŮˊɘůəɧˊɖůɖ ůŰɖ ɢŬɟŰɞɔɟɎűɖůɖ ɛŮ ɢɟɐůɖ Ŭɚɔɞɟɑɗɛɤɜ ˊŬɟɏɢŮɘ Űɖɜ 

ŮɡɢɏɟŮɘŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŮˊɘəŬɘɟɞˊɞɘɖɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůɡɢɜɎ 

ɛŮŰŬɓɞɚɏɠ ŮɑŰŮ Ŭˊɧ Ŭɜɗɟɩˊɘɜɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ŮɑŰŮ ɧɢɘ. 

ȼ ɔŮɤɚɞɔɘəɐ ŰɖɚŮˊɘůəɧˊɖůɖ ŬˊɞŰŮɚŮɑ ɏɜŬɜ ŭɘŮˊɘůŰɖɛɞɜɘəɧ ŰɞɛɏŬ ˊɞɡ ŬɝɘɞˊɞɘŮɑ ˊɟɞɖɔɛɏɜŮɠ 

ŰŮɢɜɞɚɞɔɑŮɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ũɖɠ, Űɧůɞ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɧůɞ əŬɘ ůŰɞ ɡˊɏŭŬűɞɠ (Bishop et al., 2018; Gupta, 2017). ȸŬůɑɕŮŰŬɘ ůŰɖɜ Ŭɟɢɐ 

Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, əŬɗɩɠ ŭɘɎűɞɟŬ ɔŮɤɚɞɔɘəɎ ɡɚɘəɎ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ɛŮ 
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ɛɞɜŬŭɘəɧ Űɟɧˊɞ ůŮ ŭɘŬűɞɟŮŰɘəɎ ɛɐəɖ əɨɛŬŰɞɠ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ űɎůɛŬŰɞɠ, ɧˊɤɠ Űɞ 

ɞɟŬŰɧ űɤɠ, ɖ ɡˊɏɟɡɗɟɖ əŬɘ ɖ ɛɘəɟɞəɡɛŬŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ (Bedell et al., 2009). ȷɡŰɐ ɖ 

ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧəɟɘůɖ, ɔɜɤůŰɐ ɤɠ űŬůɛŬŰɘəɐ ɡˊɞɔɟŬűɐ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ 

ŭɘɎəɟɘůɖ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ, ɔŮɤɚɞɔɘəɩɜ ŭɞɛɩɜ əŬɘ ɛŮŰŬɚɚŮɡŰɘəɩɜ ŮɛűŬɜɑůŮɤɜ. ɆŰɖɜ 

ˊɟɎɝɖ, ɞɘ ɔŮɤŮˊɘůŰɐɛɞɜŮɠ ŮűŬɟɛɧɕɞɡɜ ŰŮɢɜɘəɏɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮɘəɧɜŬɠ, ɧˊɤɠ Ůɜɑůɢɡůɖ ŮɘəɧɜŬɠ, 

űŬůɛŬŰɘəɐ ŰŬɝɘɜɧɛɖůɖ əŬɘ ŮɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɔɘŬ Űɖɜ ŬˊɞŰɨˊɤůɖ əŬɘ ŮɟɛɖɜŮɑŬ ŬɡŰɩɜ 

Űɤɜ ůŰɞɘɢŮɑɤɜ. 

Ƀɘ ŰŮɢɜɘəɏɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ˊɞɚɡűŬůɛŬŰɘəɐ ŰɖɚŮˊɘůəɧˊɖůɖ, ɖ ɞˊɞɑŬ 

əŬŰŬɔɟɎűŮɘ ŭŮŭɞɛɏɜŬ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ůŮ ˊŮɟɘɞɟɘůɛɏɜŮɠ ŬɚɚɎ ŮɡɟŮɑŮɠ űŬůɛŬŰɘəɏɠ ɕɩɜŮɠ əŬɘ 

ɛˊɞɟŮɑ ɜŬ ŬɜŬɔɜɤɟɑůŮɘ ůŰɞɘɢŮɑŬ ɧˊɤɠ ŰŬ ɞɝŮɑŭɘŬ ůɘŭɐɟɞɡ ɛɏůɤ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ űŬůɛŬŰɘəɩɜ 

ɡˊɞɔɟŬűɩɜ (Van der Meer et al., 2012). ȼ ɡˊŮɟűŬůɛŬŰɘəɐ ŰɖɚŮˊɘůəɧˊɖůɖ ŮˊŮəŰŮɑɜŮɘ ŬɡŰɐ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ, ˊɟɞůűɏɟɞɜŰŬɠ ŭŮŭɞɛɏɜŬ ɡɣɖɚɧŰŮɟɖɠ űŬůɛŬŰɘəɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ɛŮ 

ŮəŬŰɞɜŰɎŭŮɠ ůŰŮɜɏɠ űŬůɛŬŰɘəɏɠ ɕɩɜŮɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ŭəɟɘɓɐ ŬɜŬɔɜɩɟɘůɖ 

ɞɟɡəŰɞɚɞɔɘəɩɜ űɎůŮɤɜ əŬɘ ˊŮŰɟɤɛɎŰɤɜ, Ŭəɧɛɖ əŬɘ ɛŮŰŬɝɨ űŬɘɜɞɛŮɜɘəɎ ɧɛɞɘɤɜ ŮɜɞŰɐŰɤɜ 

(Van der Meer et al., 2012). 

ȼ ŰŮɢɜɘəɐ ɟŬɜŰɎɟ (Synthetic Aperature Radar, ɟŬɜŰɎɟ ůɡɜɗŮŰɘəɞɨ ŬɜɞɑɔɛŬŰɞɠ) ɢɟɖůɘɛɞˊɞɘŮɑ 

ɛɘəɟɞəɡɛŬŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ ɘəŬɜɐ ɜŬ ŭɘŬˊŮɟɜɎ ůɨɜɜŮűŬ əŬɘ ɓɚɎůŰɖůɖ, əŬɗɘůŰɩɜŰŬɠ Űɖ 

ˊɞɚɨŰɘɛɖ ɔɘŬ Űɖ ɛŮɚɏŰɖ ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ ŭɞɛɩɜ, ɡˊŮŭŬűɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ 

ɛŮŰŬɓɞɚɩɜ Űɞɡ ŮŭɎűɞɡɠ, ɧˊɤɠ əŬɗɘɕɐůŮɘɠ ɐ ŮˊɘűŬɜŮɘŬəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ (Schmullius & 

Evans, 1997). ɄŬɟɎɚɚɖɚŬ, ɖ ɗŮɟɛɘəɐ ɡˊɏɟɡɗɟɖ ŰɖɚŮˊɘůəɧˊɖůɖ ŬɝɘɞˊɞɘŮɑ ŭɘŬűɞɟɏɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ɗŮɟɛɘəɩɜ ŬɜɤɛŬɚɘɩɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɔŮɤŭɡɜŬɛɘəɎ 

űŬɘɜɧɛŮɜŬ, ɧˊɤɠ ɡŭɟɞɗŮɟɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɐ ɖűŬɘůŰŮɘŬəɏɠ ŮəɟɐɝŮɘɠ, ˊɟɞůűɏɟɞɜŰŬɠ 

əɟɑůɘɛŮɠ ŮɜŭŮɑɝŮɘɠ ɔɘŬ Űɖɜ ɏɔəŬɘɟɖ ŬɜɑɢɜŮɡůɖ űɡůɘəɩɜ əɘɜŭɨɜɤɜ (Ninomiya & Fu, 2019). 

ȺˊɘˊɟɧůɗŮŰŬ, ɖ ŰŮɢɜɞɚɞɔɑŬ LiDAR ŮˊɘŰɟɏˊŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ ŰɟɘůŭɘɎůŰŬŰɤɜ 

ɛɞɜŰɏɚɤɜ ŮˊɘűɎɜŮɘŬɠ ɛɏůɤ Űɖɠ Ůəˊɞɛˊɐɠ ˊŬɚɛɩɜ ɚɏɘɕŮɟ. ɇŬ ˊŬɟŬɔɧɛŮɜŬ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ 

ŮŭɎűɞɡɠ (DEMs) ˊɟɞůűɏɟɞɡɜ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ 

ɛɞɟűɞɚɞɔɑŬɠ, Űɖɜ ŬɜŬɔɜɩɟɘůɖ ŭɞɛɩɜ ɧˊɤɠ ɟɐɔɛŬŰŬ əŬɘ ˊŰɡɢɩůŮɘɠ, əŬɗɩɠ əŬɘ Űɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ ŮŭŬűɘəɩɜ ŭɘŮɟɔŬůɘɩɜ (Burton et al., 2011; Chen et al., 2015). ȼ ɔŮɤɚɞɔɘəɐ 

ŰɖɚŮˊɘůəɧˊɖůɖ ˊŬɟɏɢŮɘ ɏɜŬ ˊɞɚɡŭɘɎůŰŬŰɞ ŮɟɔŬɚŮɑɞ ŬɜɎɚɡůɖɠ Űɖɠ ɔɐɘɜɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɞɡ 

ɡˊŮŭɎűɞɡɠ, ˊɟɞůűɏɟɞɜŰŬɠ ŰŬɢɨŰɖŰŬ, ŮɡɟŮɑŬ əɎɚɡɣɖ əŬɘ ˊɟɧůɓŬůɖ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ 

ŭɘŬűɞɟŮŰɘəɎ ɗŬ ɐŰŬɜ ŬˊɟɧůɘŰŮɠ, ŮɜɘůɢɨɞɜŰŬɠ əŬɗɞɟɘůŰɘəɎ Űɖɜ ŮɝŮɟŮɨɜɖůɖ ˊɧɟɤɜ, Űɖ 

ŭɘŬɢŮɑɟɘůɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əɘɜŭɨɜɤɜ əŬɘ Űɖ ɔŮɤŮˊɘůŰɖɛɞɜɘəɐ ɏɟŮɡɜŬ. 
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ȼ ŮɟɛɖɜŮɑŬ ɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɜɎɚɡůɖ ˊɞɘəɑɚɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ŬˊɞŰɡˊɩɜɞɡɜ əɟɑůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ůɨɜɗŮůɖ, Űɖ ŭɞɛɐ əŬɘ Űɖ 

ɔŮɤŭɡɜŬɛɘəɐ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɞɡ ɡˊŮŭɎűɞɡɠ Űɖɠ ũɖɠ. ȰɜŬ Ŭˊɧ ŰŬ ɓŬůɘəɧŰŮɟŬ ŮɟɔŬɚŮɑŬ 

ŮɑɜŬɘ ŰŬ ɣɖűɘŬəɎ ɛɞɜŰɏɚŬ ŬɜŬɔɚɨűɞɡ (DEM), ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŭŮŭɞɛɏɜŬ 

ɟŬɜŰɎɟ əŬɘ ˊŬɟɏɢɞɡɜ ɚŮˊŰɞɛŮɟɐ ŰɞˊɞɔɟŬűɘəɐ ˊɚɖɟɞűɞɟɑŬ, ɢɟɐůɘɛɖ ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ 

ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ ŭɞɛɩɜ ɧˊɤɠ ɟɐɔɛŬŰŬ, ˊŰɡɢɩůŮɘɠ əŬɘ ŰŮəŰɞɜɘəɏɠ ɔɟŬɛɛɩůŮɘɠ (Drury, 1986). 

ɇŬ űŬůɛŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ ŭɘŬűɞɟŮŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ əŬɘ 

ɞɟɡəŰɩɜ ɛŮ ɓɎůɖ Űɘɠ əŬɛˊɨɚŮɠ űŬůɛŬŰɘəɐɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ. ȽŭɘŬɑŰŮɟŬ ɖ ɡˊŮɟűŬůɛŬŰɘəɐ 

ŰɖɚŮˊɘůəɧˊɖůɖ, ɛŮ Űɖɜ ɡɣɖɚɐ űŬůɛŬŰɘəɐ ŬɜɎɚɡůɖ ˊɞɡ ŭɘŬɗɏŰŮɘ, əŬɗɘůŰɎ ŭɡɜŬŰɐ Űɖ ŭɘɎəɟɘůɖ 

ɡɚɘəɩɜ ɛŮ ɛɘəɟɏɠ űŬůɛŬŰɘəɏɠ ŭɘŬűɞɟɏɠ (Hecker et al., 2019). ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, ɖ ůɖɛŮɘŬəɐ 

ɜŮűɞəɎɚɡɣɖ (point cloud) Ŭˊɧ ŰŮɢɜɞɚɞɔɑŮɠ LiDAR ŬˊɞŭɑŭŮɘ ŰɟɘůŭɘɎůŰŬŰɖ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ 

ɛɞɟűɞɚɞɔɑŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɛŮ ˊɞɚɨ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ əŬŰŬɔɟŬűɐ 

ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ ɚŮˊŰɞɛŮɟŮɘɩɜ ɧˊɤɠ ɢŬɟɎŭɟŮɠ, ɔəɟŮɛɞɑ ɐ ɛɘəɟɞŬɜɎɔɚɡűŬ (Dewez et al., 

2016). 

ȼ ɗŮɟɛɘəɐ ŰɖɚŮˊɘůəɧˊɖůɖ ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭəɧɛɖ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ, əŬɗɩɠ ŮɜŰɞˊɑɕŮɘ ɗŮɟɛɘəɏɠ 

ŬɜɤɛŬɚɑŮɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɔŮɤɚɞɔɘəɎ űŬɘɜɧɛŮɜŬ ɧˊɤɠ ɡŭɟɞɗŮɟɛɘəɎ ˊŮŭɑŬ, 

ŮɜŮɟɔɎ ɟɐɔɛŬŰŬ əŬɘ ɡˊɧɔŮɘŮɠ ŭɞɛɏɠ (van der Meer et al., 2014). ɇŬɡŰɧɢɟɞɜŬ, ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɟŬɜŰŬɟɘəɐɠ ŬˊŮɘəɧɜɘůɖɠ, ɧˊɤɠ Űɞ backscatter, ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ 

ŰɟŬɢɨŰɖŰŬ, Űɖ ŭɞɛɐ əŬɘ Űɖ ůɨɜɗŮůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ (Dierking, 1999). 

ȺˊɘˊɟɧůɗŮŰŬ, ɖ ɢɟɞɜɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ ɛɏůɤ ůŮɘɟɩɜ ŰɖɚŮˊɘůəɞˊɘəɩɜ Ůɘəɧɜɤɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ŬɜɑɢɜŮɡůɖ ɔŮɤŭɡɜŬɛɘəɩɜ ŬɚɚŬɔɩɜ, ɧˊɤɠ əŬɗɘɕɐůŮɘɠ, ůŮɘůɛɘəɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ əŬɘ ɖűŬɘůŰŮɘŬəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ, ˊɟɞůűɏɟɞɜŰŬɠ ˊɞɚɨŰɘɛŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ ˊɟɧɔɜɤůɖ ɔŮɤəɘɜŭɨɜɤɜ əŬɘ Űɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ Ůɝɏɚɘɝɖɠ ɔŮɤɚɞɔɘəɩɜ űŬɘɜɞɛɏɜɤɜ (Zhou et al., 2016). 

ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɔŮɤɚɞɔɘəɐ ŮɟɛɖɜŮɑŬ ɛɏůɤ ŰɖɚŮˊɘůəɧˊɖůɖɠ ŬˊŬɘŰŮɑ Űɞɜ ůɡɜŭɡŬůɛɧ ɧɚɤɜ 

ŬɡŰɩɜ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, Ůɜɘůɢɡɛɏɜɖ Ŭˊɧ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɤɜ ůɨɔɢɟɞɜɤɜ ŬɘůɗɖŰɐɟɤɜ əŬɘ 

Űɖ ɢɟɐůɖ ˊɟɞɖɔɛɏɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɝɘɧˊɘůŰɖɠ, 

ˊɞɚɡˊŬɟŬɛŮŰɟɘəɐɠ əŬɘ ɚŮɘŰɞɡɟɔɘəɎ ɤűɏɚɘɛɖɠ ɔŮɤɚɞɔɘəɐɠ ŬɜɎɚɡůɖɠ. 

2.2.1 ɉŬɟŰɞɔɟɎűɖůɖ ɔŮɤɚɞɔɘəɩɜ ŭɞɛɩɜ əŬɘ ɛɞɟűɞɚɞɔɑŬɠ 

ȼ ŬɜɎɚɡůɖ ŭŮŭɞɛɏɜɤɜ ɣɖűɘŬəɞɨ ŬɜɎɔɚɡűɞɡ (DEM), ŭŮŭɞɛɏɜɤɜ Ŭˊɧ LiDAR, əŬɗɩɠ əŬɘ 

ŭŮŭɞɛɏɜɤɜ SAR, ŮˊɘŰɟɏˊŮɘ Űɖɜ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ ŬˊɞŰɨˊɤůɖ ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ əŬɘ 

ŰŮəŰɞɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɧˊɤɠ ˊŰɡɢɩůŮɘɠ, ɟɐɔɛŬŰŬ, ŰŮəŰɞɜɘəɏɠ ɔɟŬɛɛɩůŮɘɠ əŬɘ ŭɞɛɏɠ 

ŮˊɘəɎɚɡɣɖɠ (Drury, 1986; Burton et al., 2011; Chen et al., 2015). ȼ ɔŮɤɛɞɟűɞɛŮŰɟɘəɐ ŬɜɎɚɡůɖ 
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ŬɡŰɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ əŬŰŬůəŮɡɐ ɗŮɛŬŰɘəɩɜ ɔŮɤɚɞɔɘəɩɜ ɢŬɟŰɩɜ əŬɘ Űɖɜ 

ŰŮəɛɖɟɑɤůɖ ɔŮɤŭɡɜŬɛɘəɩɜ ŮɝŮɚɑɝŮɤɜ. 

ɆŰɖɜ ɏɟŮɡɜɎ Űɞɡɠ ɞɘ Siqueira et al., 2021, ŬɝɘɞˊɞɑɖůŬɜ ŭɞɟɡűɞɟɘəɎ űŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ Űɞɡ 

Sentinel-2 əŬɘ Ůˊɘˊɚɏɞɜ ɣɖűɘŬəɏɠ ŮɘəɧɜŮɠ WorldDEM ɛŮ ůəɞˊɧ Űɖɜ ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ 

ɛɞɟűɞɚɞɔɑŬɠ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ ˊŮɟɘɞɢɐɠ Cape Lamp ůŰɖɜ ȷɜŰŬɟəŰɘəɐ. ȷɜŬɚɡŰɘəɎ 

ŬɜŬˊŰɨɢɗɖəŬɜ ɏɝɘ ŭɘŬűɞɟŮŰɘəɎ ɛɞɜŰɏɚŬ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ˊɞɡ əɚɐɗɖəŬɜ ɜŬ 

ŭɖɛɘɞɡɟɔɐůɞɡɜ  ɣɖűɘŬəɞɨɠ ɛɞɟűɞɚɞɔɘəɞɨɠ ɢɎɟŰŮɠ əŬɘ ŰŮɚɘəɎ ɏɔɘɜŮ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŭɧůŮɤɜ 

Űɞɡɠ. 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ɐŰŬɜ ɞɘ Ůɝɐɠ: 

¶ Random Forest 

¶ C5.0 Decision Tree 

¶ Support Vector Machine 

¶ Average Artificial Neural Network 

¶ Weighted k-Nearest Neighbours 

¶ Supervised Self-Organizing Map 

ȷűɞɨ ɚɖűɗɐəŬɜ ɞɘ əŬŰɎɚɚɖɚɞɘ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ŮűŬɟɛɧůŰɖəŬɜ ůɡɔəŮəɟɘɛɏɜŮɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ 

ɓɞɖɗɞɨɜ ůŰɖɜ ŬəɟɑɓŮɘŬ Űɞɡ ŰŮɚɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ, ɧɚŮɠ ɞɘ ɛɏɗɞŭɞɘ əŬŰɎűŮɟŬɜ ɜŬ 

ŭɖɛɘɞɡɟɔɐůɞɡɜ Ŭɝɘɧɚɞɔɞɡɠ ɢɎɟŰŮɠ ɛŮ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ Random Forest əŬɘ C5.0 ɜŬ 

ɡˊŮɟŰŮɟɞɨɜ ůŮ ŬəɟɑɓŮɘŬ, əŬɗŬɟɧŰɖŰŬ əŬɘ ůŰŬɗŮɟɧŰɖŰŬ Ŭˊɧ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ. ȾŬŰôŬɡŰɧ Űɞɜ 

Űɟɧˊɞ ŬɜŬŭŮɑɢɗɖəŮ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ ɜŬ ŬˊɞŰɡˊɩůŮɘ ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ˊɞɚɨˊɚɞəŮɠ 

ɔŮɤɛɞɟűɏɠ ŬəɧɛŬ əŬɘ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ŰŮɛɎɢɖ ɛŮ ɑŭɘɞ ŬɜŬəɚɩɛŮɜɞ űɎůɛŬ, ɧˊɤɠ 

ŬɡŰɏɠ Űɤɜ ŭɞɛɩɜ Űɖɠ ȷɜŰŬɟəŰɘəɐɠ. ɀɞɜŬŭɘəɐ ˊɟɞɦˊɧɗŮůɖ ŬˊɞŰŮɚŮɑ ɜŬ ɔɑɜŮɘ ůɤůŰɐ Ůˊɘɚɞɔɐ 

Űɞɡ Ŭɚɔɞɟɘɗɛɘəɞɨ ɛɖɢŬɜɘůɛɞɨ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɩůŰŮ ɜŬ ˊŬɟŬɢɗɞɨɜ ŰŬ ɓɏɚŰɘůŰŬ 

ɢŬɟŰɞɔɟŬűɘəɎ ˊɟɞɥɧɜŰŬ. 
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ȺɘəɧɜŬ 2-1: ɇŮɚɘəɎ ɢŬɟŰɞɔɟŬűɘəɎ ˊɟɞɥɧɜŰŬ ˊɞɡ ˊŬɟɐɔŬɔŮ əɎɗŮ ɛɞɜŰɏɚɞ : a)AVNNET , b)C5.0 , c)W-

KNN ,d) RF, e)SVM, f)S-SOM 

(https://onlinelibrary.wiley.com/doi/epdf/10.1002/esp.5253?saml_referrer=) 

 

ɀŮ Űɞ ə ɜŬ ŬűɞɟɎ Űɞɜ ŭŮɑəŰɖ Űɞɡ ˊɞůɞůŰɞɨ ůɡɛűɤɜɑŬɠ ɛŮŰŬɝɨ ŰŬɝɘɜɧɛɖůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ 

ɛɏŰɟɞɡ ŬɜŬűɞɟɎɠ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ, (ŬˊɞŰɨˊɤůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ ˊɞɡ ŮɛűŬɜɑɕŮɘ əɎɗŮ 

Ŭɚɔɧɟɘɗɛɞɠ).  

2.2.2 ɉŬɟŬəŰɖɟɘůɛɧɠ ɚɘɗɞɚɞɔɑŬɠ əŬɘ ɞɟɡəŰɞɚɞɔɘəɧɠ ŮɜŰɞˊɘůɛɧɠ 

ȼ űŬůɛŬŰɘəɐ ŰɖɚŮˊɘůəɧˊɖůɖ, ɘŭɑɤɠ ɛɏůɤ ŬɘůɗɖŰɐɟɤɜ ɡɣɖɚɐɠ űŬůɛŬŰɘəɐɠ ŭɘŬəɟɘŰɘəɐɠ 

ɘəŬɜɧŰɖŰŬɠ ɧˊɤɠ ŮɑɜŬɘ ɞɘ ASTER əŬɘ Hyperion, ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜŬɔɜɩɟɘůɖ űŬůɛŬŰɘəɩɜ 

ɡˊɞɔɟŬűɩɜ ˊɞɡ ŮɑɜŬɘ ɛɞɜŬŭɘəɏɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŬ ɞɟɡəŰɎ əŬɘ ɚɘɗɞɚɞɔɘəɞɨɠ Űɨˊɞɡɠ (Hecker et 

al., 2019; Van der Meer et al., 2012). ɇɏŰɞɘŮɠ ŮűŬɟɛɞɔɏɠ ŮɑɜŬɘ əɟɑůɘɛŮɠ ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ 

ɛŮŰŬɚɚɞűɞɟɘɩɜ, Űɖɜ ŰŬɝɘɜɧɛɖůɖ ˊŮŰɟɤɛɎŰɤɜ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɔŮɤɢɖɛɘəɩɜ ɕɤɜɩɜ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ.  
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ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮɑ ɖ ɏɟŮɡɜŬ Űɤɜ Manuel et al., 2017, ɞɘ ɞˊɞɑɞɘ ŮűɐɟɛɞůŬɜ 

ŰŮɢɜɘəɏɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ əŬɘ ɣɖűɘŬəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮɘəɧɜŬɠ ůŰɖ ˊŮɟɘɞɢɐ G·is-Castanheira 

de P°ra Űɖɠ əŮɜŰɟɘəɐɠ ɄɞɟŰɞɔŬɚɑŬɠ, ɛŮ ůəɞˊɧ Űɖɜ ŭɘɎəɟɘůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ. ȼ 

ŮűŬɟɛɞɔɐ ŮůŰɑŬůŮ ůŰɖ ˊŮɟɘɞɢɐ Űɞɡ ɛŮŰŬɚɚŮɡŰɘəɞɨ ˊŮŭɑɞɡ Esc§dia Grande, ůŰɞɡ ɞˊɞɑɞɡ Űɘɠ 

ɛŮŰŬɚɚɞŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ ŮɜŰɞˊɑɕŮŰŬɘ əŬůůɑŰŮɟɞɠ, ɓɞɚűɟɎɛɘɞ, ɢɟɡůɧɠ əŬɘ Ɏɟɔɡɟɞɠ. 

ȷűɞɨ ůɡɚɚɏɢɗɖəŬɜ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ Landsat 8 ˊɞɚɡűŬůɛŬŰɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, ɏɔɘɜŮ 

ɢɟɐůɖ ɛŮɗɧŭɤɜ ɣɖűɘŬəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮɘəɧɜŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ ŮˊɘɚɏɢɗɖəŬɜ 

ɣŮɡŭɞɢɟɤɛŬŰɘəɏɠ ůɡɜɗɏůŮɘɠ ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ RGB ŬɜŬɚɞɔɑŬ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɘəɧɜɤɜ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ Űɘɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ŬɜŬəɚɩɛŮɜŮɠ ŬəŰɑɜŮɠ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ ŮˊɘŰŮɨɢɗɖəŮ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ɛɏůɤ ůɡɛˊɑŮůɖɠ 

ŭɘŬůŰɎůŮɤɜ ɏˊŮɘŰŬ Űɖɠ ŬɜɎɚɡůɖɠ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ (PCA). ɇɏɚɞɠ, Ŭűɞɨ ɛŮ Űɖ ɢɟɐůɖ 

əŬŰɎɚɚɖɚɤɜ űɑɚŰɟɤɜ ɏɔɘɜŮ ŮűɘəŰɧɠ ɞ ŮɜŰɞˊɘůɛɧɠ ŬůɡɜŮɢŮɘɩɜ əŬɘ ɖ Ůɜɑůɢɡůɖ Űɤɜ Ŭəɛɩɜ, 

Ůɝɐɢɗɖ Űɞ ŰŮɚɘəɧ ɢŬɟŰɞɔɟŬűɘəɧ ŬˊɞŰɏɚŮůɛŬ. 
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Ƀ ˊŬɟŬɔɧɛŮɜɞɠ ɢɎɟŰɖɠ əŬɘ ŰŬ ůɡɜɞɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ ɓŬɟɨɜɞɡůŬɠ 

ůɖɛŬůɑŬɠ. Ⱥɜɩ ɖ Ŭɟɢɘəɐ ˊŮɟɘɞɢɐ ˊɞɡ ŬˊŬůɢɞɚɞɨůŮ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ ɖŰŬɜ Űɞ ŮɛɓŬŭɧ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖ ɔɟŬɛɛɐ ɛŮ ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ ůŰɞɜ ɢɎɟŰɖ, ˊɚɏɞɜ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ 

ˊŮɟɘɞɢɏɠ-ůŰɧɢɞɘ ɞɘ ɞˊɞɑŮɠ əŬɚɨˊŰɞɡɜ ˊɞůɞůŰɧ ɛɘəɟɧŰŮɟɞ Űɞɡ 10% Űɖɠ Ŭɟɢɘəɐɠ əŬɘ 

ůɖɛŮɘɩɜɞɜŰŬɘ ůŰɞ ɢɎɟŰɖ ɛŮ ɢɟɩɛŬ ɛˊɚŮ. ȷɡŰɏɠ ɞɘ ˊŮɟɘɞɢɏɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ 

ˊɘɗŬɜɧŰɖŰŬ ůŮ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɢɟɐůɘɛɞɡ ɡɚɘəɞɨ əŬɘ ɏŰůɘ ŬˊɞŰɟɏˊŮŰŬɘ ˊɞɚɡɏɝɞŭɖ, ɢɟɞɜɞɓɧɟŬ 

əŬɘ ŮɜŭŮɢɞɛɏɜɤɠ ůŮ ŭɡůˊɟɧůɘŰŬ ůɖɛŮɑŬ, Ůˊɑ Űɧˊɞɡ ˊŬɟŬŭɞůɘŬəɐ ɏɟŮɡɜŬ. 

2.2.3 ɄŬɟŬəɞɚɞɨɗɖůɖ ɔŮɤŭɡɜŬɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ əŬɘ ɔŮɤəɘɜŭɨɜɤɜ 

ȼ ŰɖɚŮˊɘůəɧˊɖůɖ ŬɝɘɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɖ ɛŮɚɏŰɖ űɡůɘəɩɜ əŬŰŬůŰɟɞűɩɜ əŬɘ ɔŮɤŭɡɜŬɛɘəɩɜ 

ŭɘŮɟɔŬůɘɩɜ, ɧˊɤɠ ůŮɘůɛɞɑ, əŬŰɞɚɘůɗɐůŮɘɠ, əŬɗɘɕɐůŮɘɠ, ɖűŬɘůŰŮɘŬəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ əŬɘ 
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ɡŭɟɞɗŮɟɛɘəɎ űŬɘɜɧɛŮɜŬ. ɀɏůɤ Űɖɠ ɢɟɐůɖɠ ŭŮŭɞɛɏɜɤɜ InSAR, əŬŰŬɔɟɎűɞɜŰŬɘ 

ɛɘəɟɞɛŮŰŬəɘɜɐůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ, ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ ˊɟɩɘɛɞɡɠ ŭŮɑəŰŮɠ ɔŮɤəɘɜŭɨɜɞɡ (Zhou et 

al., 2016). ȼ ɗŮɟɛɘəɐ ɡˊɏɟɡɗɟɖ ŬˊŮɘəɧɜɘůɖ ŮˊɘŰɟɏˊŮɘ Ůˊɑůɖɠ Űɞɜ ŮɜŰɞˊɘůɛɧ ɡˊɧɔŮɘɤɜ ɗŮɟɛɘəɩɜ 

ŬɜɤɛŬɚɘɩɜ (Ninomiya & Fu, 2019).  

ȷɜŰɑůŰɞɘɢŬ ɞɘ Yang et al.,2024, ɏˊŮɘŰŬ Ŭˊɧ ɛŮɚɏŰɖ Űɖɠ əɞɘɚɎŭŬɠ Űɞɡ ˊɞŰŬɛɞɨ ȿŬŰɞɡɜŰɑ Űɖɠ 

ɜɞŰɘɞŭɡŰɘəɐɠ ȾɑɜŬɠ ˊɞɡ ŬˊɞůəɞˊɞɨůŮ ůŰɞɜ ŮɜŰɞˊɘůɛɧ əŬɘ ˊɟɞůŭɘɞɟɘůɛɧ ɔŮɤəɘɜŭɨɜɤɜ ɧˊɤɠ 

əŬŰɞɚɘůɗɐůŮɘɠ əŬɘ ŮɡɟɨŰŮɟŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ əŬŰɧɟɗɤůŬɜ ŮəɛŮŰŬɚŮɡɧɛŮɜɞɘ ŰŬ ŭɞɟɡűɞɟɘəɎ 

ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞɜ Sentinel-1A ɜŬ ɢŬɟŰɞɔɟŬűɐůɞɡɜ Űɖɜ ɡˊɧ ɏɟŮɡɜŬ ˊŮɟɘɞɢɐ ŬˊŮɘəɞɜɑɕɞɜŰŬɠ ŰŬ 

ˊɘɞ ɏɜŰɞɜŬ əŬɘ ŰŬɢɏɤɠ ˊŬɟŬɛɞɟűɤɛɏɜŬ ůɖɛŮɑŬ. 

ȷɜŬɚɡŰɘəɎ, ɛŮ Űɖ ɢɟɐůɖ ˊŬɟŮɚɗɞɜŰɘəɩɜ Ůɘəɧɜɤɜ əŬɘ ůɨɔəɟɘůɖ Űɞɡɠ ɛŮ ŰŬ ůɖɛŮɟɘɜɎ ŭŮŭɞɛɏɜŬ 

ɛˊɧɟŮůŬɜ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɜ Űɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Ŭˊɧ 4 ˊŮɟɘɞɢɏɠ 

ˊɞɡ ŮɛűŬɜɑɕɞɡɜ Űɞɜ ɛŮɔŬɚɨŰŮɟɞ əɑɜŭɡɜɞ (ůɖɛŮɘɩɜɞɜŰŬɘ ɤɠ ˊŮɟɘɞɢɏɠ A,B,C,D). 

ɀɏůɤ ŮˊŬɚɐɗŮɡůɖɠ ˊŮŭɑɞɡ əŬɘ ɞɚɞəɚɖɟɤɛɏɜɖɠ ŮɟɛɖɜŮɑŬɠ ɞɟɗɞűɤŰɞɔɟŬűɘɩɜ UAV, 

ˊɟɞůŭɘɞɟɑůŰɖəŮ ɧŰɘ ɞɘ ˊŮɟɘɞɢɏɠ A,ȸ əŬɘ C ŮɑɜŬɘ əŬŰɞɚɘůɗɐůŮɘɠ, əŬɘ ɖ ˊŮɟɘɞɢɐ D ŮɑɜŬɘ ɏɜŬ ɢɤɟɘɧ 

əŬɘ ɔŮɤɟɔɘəɐ ɔɖ. ɇɞ ɛɐəɞɠ ɞɚɑůɗɖůɖɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ A ŮɑɜŬɘ ˊŮɟɑˊɞɡ 274 m, Űɞ ˊɚɎŰɞɠ 

ŮɑɜŬɘ ˊŮɟɑˊɞɡ 177 m, ɖ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 37.087 m2 əŬɘ ɞ ɛɏůɞɠ ɟɡɗɛɧɠ əŬɗɑɕɖůɖɠ ŮɑɜŬɘ 

ˊŮɟɑˊɞɡ 22 mm/ɏŰɞɠ. ɇɞ ɛɐəɞɠ ɞɚɑůɗɖůɖɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ C ŮɑɜŬɘ ˊŮɟɑˊɞɡ 191 m, Űɞ ˊɚɎŰɞɠ 

ŮɑɜŬɘ ˊŮɟɑˊɞɡ 216 m, ɖ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 36.188 m2 əŬɘ ɞ ɛɏůɞɠ ɟɡɗɛɧɠ əŬɗɑɕɖůɖɠ ŮɑɜŬɘ 

ˊŮɟɑˊɞɡ 11 mm/ɏŰɞɠ. ɇɞ ɛɐəɞɠ Űɖɠ əŬŰɞɚɑůɗɖůɖɠ ȸ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 110 m, Űɞ ˊɚɎŰɞɠ ŮɑɜŬɘ 

ˊŮɟɑˊɞɡ 183 m, ɖ ɏəŰŬůɖ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 10.606 m2 əŬɘ ɞ ɛɏůɞɠ ɟɡɗɛɧɠ əŬɗɑɕɖůɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 

13 mm/ɏŰɞɠ. ȼ ˊŮɟɘɞɢɐ D ŮɑɜŬɘ ɖ ˊŮɟɘɞɢɐ əŬɗɑɕɖůɖɠ ɢɤɟɘɞɨ əŬɘ ɔŮɤɟɔɘəɐɠ ɔɖɠ, ɛŮ ɛɏůɞ ɟɡɗɛɧ 

əŬɗɑɕɖůɖɠ ˊŮɟɑˊɞɡ 19 mm/ɏŰɞɠ. ɇŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ Űɖɠ əɞɘɚɎŭŬɠ Űɞɡ ˊɞŰŬɛɞɨ Latudi 

ɛŮ ɓɎůɖ Űɞ SBAS-InSAR. 

ɆŮ ůɡɜŭɡŬůɛɧ ɛŮ ɏɟŮɡɜŬ ˊŮŭɑɞɡ, ŭɘŮɝɐɢɗɖ ŬɜɎɚɡůɖ Űɖɠ ŬɘŰɑŬɠ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ ůŰɘɠ 

ŰɏůůŮɟɘɠ ˊŮɟɘɞɢɏɠ. Ƀɘ ˊŮɟɘɞɢɏɠ A, B əŬɘ C ŭɘŬɓɟɩɗɖəŬɜ ŮɑŰŮ Ŭˊɧ Űɖ ŭɟɎůɖ Űɞɡ ɜŮɟɞɨ Űɞɡ 

ˊɞŰŬɛɞɨ Latudi ɐ ɡˊɐɟɢŬɜ ɏɟɔŬ ŭɘŬɛɧɟűɤůɖɠ ́ ɟŬɜɩɜ, ɧˊɤɠ ɏɟɔŬ ɞŭɞˊɞɘɑŬɠ, ŰŬ ɞˊɞɑŬ ɛŮɑɤůŬɜ 

Űɖɜ ŭɘŬɛɖŰɘəɐ ŬɜŰɞɢɐ Űɖɠ ˊɚŬɔɘɎɠ, ɛŮɘɩɜɞɜŰŬɠ ɏŰůɘ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ˊɚŬɔɘɎɠ. ɆŰŬŭɘŬəɎ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ɟɤɔɛɏɠ əŬɗɩɠ əŬɘ ɢŬɚɎɟɤůɖ Űɖɠ əɨɟɘŬɠ ɛɎɕŬɠ Űɤɜ əŬŰɞɚɘůɗɐůŮɤɜ ɖ ɞˊɞɑŬ 

ɔɑɜŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ŬůŰŬɗɐ.  

ɆɡɜɞˊŰɘəɎ, ŰŬ ŮɝŬɢɗɏɜŰŬ ůɡɛˊŮɟɎůɛŬŰŬ, ˊɏɟŬ Ŭˊɧ Űɖɜ Ůˊɘ Űɧˊɞɡ ŮˊɘɓŮɓŬɑɤůɖ ˊɞɡ ŭɘŮɝɐɢɗɖ, 

ŬˊŮɘəɞɜɑɕɞɜŰŬɘ əŬɘ ůŰɞɜ ŰŮɚɘəɧ ɢɎɟŰɖ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭűɞɨ ˊɟɩŰŬ ɚɐűɗɖəŬɜ ɡˊɧɣɖ ɞɘ 
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ɔŮɤɛŮŰɟɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ůŰŬ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ ɚɧɔɤ ˊɡəɜɐɠ 

ɓɚɎůŰɖůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɐ ɚɧɔɤ əɚɑůŮɤɜ əŬɘ ůəɘɎůŮɤɜ. 

 
ȺɘəɧɜŬ 2-3: ȺŰɐůɘŬ ɇŬɢɨŰɖŰŬ ɄŬɟŬɛɧɟűɤůɖɠ (Yang et al., 2024) 

ɆŰɞɜ ˊŬɟŬɔɧɛŮɜɞ ɢɎɟŰɖ Űɖɠ ŮɘəɧɜŬɠ 2-3 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ɛŮ ɡˊɞɚɞɔɘůɛɏɜɖ Űɖɜ 

ŮŰɐůɘŬ ŰŬɢɨŰɖŰŬ ˊŬɟŬɛɧɟűɤůɖɠ əɎɗŮ ůɖɛŮɑɞɡ. ɇŬ ůɖɛŮɑŬ A,B,C,D ŮɛűŬɜɑɕɞɡɜ Űɖ ɛŮɔŬɚɨŰŮɟɖ 

ˊɞůɞŰɘəɎ əŬɘ ˊɞɘɞŰɘəɎ ˊŬɟŬɛɧɟűɤůɖ ɞˊɧŰŮ ůɖɛŮɘɩɜɞɜŰŬɘ ɘŭɘŬɘŰɏɟɤɠ ɤɠ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ Űɖ 

ɛɏɔɘůŰɖ ˊɘɗŬɜɧŰɖŰŬ ɛŮɚɚɞɜŰɘəɐɠ ɔŮɤŰŮɢɜɘəɐɠ ŬůŰɞɢɑŬɠ ɐ ɔŮɤəɘɜŭɨɜɞɡ. 

2.2.4 ȷɜŬəɎɚɡɣɖ ɞɟɡəŰɩɜ əŬɘ ŮɜŮɟɔŮɘŬəɩɜ ŮɟŮɡɜɩɜ 

ȼ ŬɜŬɔɜɩɟɘůɖ ɛŮŰŬɚɚɞɔŮɜŮŰɘəɩɜ ɕɤɜɩɜ, ɘɕɖɛŬŰɞɔŮɜɩɜ ɚŮəŬɜɩɜ əŬɘ ɔŮɤɗŮɟɛɘəɩɜ ˊŮŭɑɤɜ 

ɓŬůɑɕŮŰŬɘ ůŰɖ ůɡɜŭɡŬůɛɏɜɖ Ŭɝɘɞˊɞɑɖůɖ ɔŮɤűŬůɛŬŰɘəɩɜ, ɔŮɤɛɞɟűɞɚɞɔɘəɩɜ əŬɘ ɗŮɟɛɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ. ȼ ŭɡɜŬŰɧŰɖŰŬ ŮɟɛɖɜŮɑŬɠ ˊŮɟɘɞɢɩɜ ɛŮ ɏɜŰɞɜɞ ɔŮɤɚɞɔɘəɧ ŮɜŭɘŬűɏɟɞɜ ŮɜɘůɢɨŮɘ Űɖ 

ůŰɞɢɞɗŮůɑŬ ůŮ űɎůŮɘɠ ˊɟɞəŬŰŬɟəŰɘəɐɠ ŭɘŮɟŮɨɜɖůɖɠ (Rowan et al., 2003). 

ɆŮ ɛŮɚɏŰɖ ˊɞɡ ŮəˊɞɜɐɗɖəŮ ɛŮ ůəɞˊɧ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŮɜŭŮɢɧɛŮɜɞɡ ˊŬɟŬɔɤɔɐɠ 

ŬɝɘɧˊɘůŰɖɠ ˊɟɧɓɚŮɣɖɠ ɔŮɤɗŮɟɛɘəɩɜ ˊŮɟɘɞɢɩɜ ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ŰŬ ŰɖɚŮˊɘůəɞˊɘəɎ 

ɗŮɟɛɞəɟŬůɘŬəɎ ŭŮŭɞɛɏɜŬ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ŭɘɎ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ əŬɘ 

ɣɖűɘŬəɩɜ ůɡůŰɖɛɎŰɤɜ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɎɝɞɡɜ ɔŮɤɗŮɟɛɘəɞɨɠ ɢɎɟŰŮɠ ɛŮ ŬɝɘɞˊɘůŰɑŬ (Linxia et 

al., 2023). 

ȷɜŬɚɡŰɘəɎ, ɖ ɏɟŮɡɜŬ Űɤɜ Linxia et al., (2023), ŮűŬɟɛɧɕŮŰŬɘ ůŰɖɜ ˊŮŭɘɎŭŬ Hangjiahu əŬɘ 

ŭɘŮɜŮɟɔŮɑŰŬɘ ŮˊŮɝŮɟɔŬůɑŬ Ůɘəɧɜɤɜ ɛŮ ɗŮɟɛɘəɧ ɡˊɏɟɡɗɟɞ əŬɘ ˊɞɚɡűŬůɛŬŰɘəɎ əŬɜɎɚɘŬ Űɞɡ 

Landsat 5TM. ȺəŮɑ ŬˊŬɜŰɎŰŬɘ ɏɜŰɞɜɞ ŰŮəŰɞɜɘəɧ ɡˊɧɓŬɗɟɞ, ˊɚɖɗɩɟŬ ɚɘɗɞɔɟŬűɘɩɜ əŬɘ 

ůŰɟɤɛɎŰɤɜ əŬɘ ɐŭɖ 134 ɔɜɤůŰɏɠ ɔŮɤɗŮɟɛɘəɏɠ ɔŮɤŰɟɐůŮɘɠ. 
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ȷűɞɨ ɏɔɘɜŮ ŮɜŰɞˊɘůɛɧɠ əŬɘ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɤɜ ůɖɛŬɜŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ ɖ ɚɘɗɞɚɞɔɑŬ, 

ɖ ŬˊɧůŰŬůɖ Ŭˊɧ ŰŮəŰɞɜɘəɎ ɟɐɔɛŬŰŬ əŬɘ ůŮɘůɛɘəɎ ůɖɛŮɑŬ, ŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ əŬɘ 

ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, ŮɝŮɚɑɢɗɖəŮ ɛɞɜŰɏɚɞ ɜŮɡɟɤɜɘəɞɨ ŭɘəŰɨɞɡ Űɟɘɩɜ (3) Ůˊɘˊɏŭɤɜ ˊɞɡ 

ŬɝɘɞˊɞɑɖůŮ Űɞ 70% Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŮəˊŬɑŭŮɡůɖ, Űɞ 20% ɔɘŬ ŮˊŬɚɐɗŮɡůɖ əŬɘ Űɞ 10% ɔɘŬ 

ŭɞəɘɛɐ. ȰˊŮɘŰŬ ŰŬɝɘɜɞɛɐɗɖəŬɜ ˊɏɜŰŮ (5) ŮˊɑˊŮŭŬ ŭɡɜŬɛɘəɞɨ (ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɧ, ɡɣɖɚɧ, 

ɛɏŰɟɘɞ, ɢŬɛɖɚɧ, ˊɞɚɨ ɢŬɛɖɚɧ). ɇŮɚɘəɎ ŮˊɘɓŮɓŬɘɩɗɖəŮ ɧŰɘ Űɞ 91,79% Űɤɜ ɔŮɤŰɟɐůŮɤɜ 

ɓɟɑůəɞɜŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɞɨ ŭɡɜŬɛɘəɞɨ ɛŮ Űɖɜ ŬəɟɑɓŮɘŬ Űɞɡ ɛɞɜŰɏɚɞɡ ɜŬ ŬɔɔɑɕŮɘ 

Űɞ 78,5% ɓɎůŮɘ ɡűɘůŰŬɛɏɜɤɜ ŮɝŬəɟɘɓɤɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. 

Ⱥˊɞɛɏɜɤɠ ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ Űɞ ɛɞɜŰɏɚɞ əɟɑɜŮŰŬɘ ɢɟɐůɘɛɞ əŬɘ ŬɝɘɧˊɘůŰɞ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ 

ɔŮɤɗŮɟɛɘəɐ ŮɝŮɟŮɨɜɖůɖ ɓŮɚŰɘůŰɞˊɞɘɩɜŰŬɠ Űɞ əɧůŰɞɠ əŬɘ Űɞɜ ɢɟɧɜɞ ˊɞɡ ɗŬ ŬˊŬɘŰɞɨɜŰŬɜ Ŭˊɧ 

Űɘɠ ˊŬɟŬŭɞůɘŬəɏɠ ɛŮɗɧŭɞɡɠ. 

 
ȺɘəɧɜŬ 2-4: ɉɎɟŰɖɠ ȺɜŰɞˊɘůɛɞɨ ũŮɤɗŮɟɛɘəɩɜ ɄŮŭɑɤɜ  (Linxia et.al ,2023) 

ɆŰɞɜ ɢɎɟŰɖ ˊɞɡ ˊŬɟɎɢɗɖəŮ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ, ŰŬɝɘɜɞɛɞɨɜŰŬɘ 

ɞɘ ˊŮɟɘɞɢɏɠ ŮɛűɎɜɘůɖɠ ɔŮɤɗŮɟɛɘəɞɨ ˊŮŭɑɞɡ ɛŮ ŬɡɝŬɜɧɛŮɜɖ ˊɘɗŬɜɧŰɖŰŬ (ɛˊɚɏ ˊɞɚɨ ɢŬɛɖɚɐ 

ˊɘɗŬɜɧŰɖŰŬ  - ˊɞɟŰɞəŬɚɑ ˊɞɚɨ ɡɣɖɚɐ ˊɘɗŬɜɧŰɖŰŬ. ɇŬ ůɖɛŮɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ůɖɛŮɘɩɜɞɜŰŬɘ ɛŮ əɧəəɘɜŮɠ ŰŮɚŮɑŮɠ. 

2.2.5 ȹɘŬɢŮɑɟɘůɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ŮˊɘˊŰɩůŮɤɜ 

ȼ ɢɟɐůɖ ɢɟɞɜɞůŮɘɟɩɜ ŰɖɚŮˊɘůəɞˊɘəɩɜ Ůɘəɧɜɤɜ ˊɟɞůűɏɟŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮɜŰɞˊɘůɛɞɨ əŬɘ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ ŮˊɘˊŰɩůŮɤɜ Ŭˊɧ ɚŬŰɞɛɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ŬˊɞɗɏůŮɘɠ ŮɝɞɟɡəŰɘəɩɜ 

əŬŰŬɚɞɑˊɤɜ əŬɘ ŬɚɚŬɔɏɠ ůŰɖ ɢɟɐůɖ ɔɖɠ. ɀŮŰɟɐůŮɘɠ űɡŰɞəɎɚɡɣɖɠ əŬɘ ŮŭŬűɘəɐɠ ŭɘɎɓɟɤůɖɠ 

ŮˊɘŰɟɏˊɞɡɜ ŰŮəɛɖɟɘɤɛɏɜɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ŬˊɞŰɑɛɖůɖ əŬɘ ůɢŮŭɘŬůɛɧ ŬˊɞəŬŰɎůŰŬůɖɠ.  
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ȰɟŮɡɜŬ ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŮ Ŭˊɧ Űɞɡɠ Souza Damasceno Paula et al., 2021, ŮůŰɑŬůŮ ůŰɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ əŬɘ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɞɡ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɞɡ ŬŰɡɢɐɛŬŰɞɠ 

ŭɘɎɢɡůɖɠ ŬˊɞɓɚɐŰɤɜ Űɞɡ ɞɟɡɢŮɑɞɡ C·rrego do Feij«o ůŰɖ ɚŮəɎɜɖ Ŭˊɞɟɟɞɐɠ Űɞɡ ˊɞŰŬɛɞɨ 

Paraopeba, ˊɞɡ ůɡɜŰŮɚŮɑ ůŰɖɜ ɡŭɟɞŭɧŰɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ Belo Horizonte Űɖɠ ȸɟŬɕɘɚɑŬɠ , ɛŮ Űɖ 

ɢɟɐůɖ ŰɖɚŮˊɘůəɧˊɖůɖɠ. 

ȷɟɢɘəɎ ůɡɚɚɏɢɗɖəŬɜ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɞɟɡűɧɟɞɡɠ Landsat-8 OLI əŬɘ Sentinel-2 MSI ɛŮ ůəɞˊɧ 

Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɛŮŰŬɓɞɚɐɠ ůŰɖ ɢɟɐůɖ ɔɖɠ, Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ɡŭɎŰɤɜ əŬɘ űɡůɘəɞɢɖɛɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɞ ˊŮɟɘɓɎɚɚɞɜ. Ƀɘ ŮˊɘɚŮɢɗɏɜŰŮɠ ŭŮɑəŰŮɠ Ŭűɞɟɞɨɜ Űɖ ɢɚɤɟɞűɨɚɚɖ-

a, Űɖ ɗɞɚŮɟɧŰɖŰŬ, ŰŬ ɞɚɘəɎ ŬɘɤɟɞɨɛŮɜŬ ůŰŮɟŮɎ (TSS) əŬɘ Űɖ ɟɞɐ CO2, əŬɗɩɠ əŬɘ Ŭɝɘɞˊɞɑɖůɖ 

ŬŰɛɞůűŬɘɟɘəɎ ŭɘɞɟɗɤɛɏɜɤɜ Ůɘəɧɜɤɜ, ˊɟɘɜ əŬɘ ɛŮŰɎ Űɞ ɔŮɔɞɜɧɠ. ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ ɢɟɐůɖ ɔɖɠ 

ɏɔɘɜŮ ɢɟɐůɖ Űɞɡ ŭŮɑəŰɖ NDFI ɛŮ Űɖ ɛɏɗɞŭɞ Linear Spectral Unmixing (LSU) əŬɘ ɏŰůɘ 

ŰŬɝɘɜɞɛɐɗɖəŮ əɎɗŮ ůɖɛŮɑɞ ŮɑŰŮ ɤɠ ŭŬůɘəɐ ɏəŰŬůɖ, Ɏɔɞɜɖ ɔɖ, ɡŭɎŰɘɜɖ ŮˊɘűɎɜŮɘŬ əɚˊ. 

Ⱥˊɘˊɚɏɞɜ ɞɘ űɡůɘəɞɢɖɛɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ ɝŮɢɤɟɘůŰɎ. ɄɟɩŰŬ ɔɘŬ ŰŬ ŮˊɑˊŮŭŬ ɢɚɤɟɞűɨɚɚɖɠ-a 

ŮˊɘɚɏɢɗɖəŬɜ ŮɘŭɘəɎ ˊɟɞůŬɟɛɞůɛɏɜɞɘ ůŰɞɜ ŮəɎůŰɞŰŮ ŬɘůɗɖŰɐɟŬ, ŮɛˊŮɘɟɘəɞɑ əŬɜɧɜŮɠ, Ůɜɩ ɔɘŬ 

Űɖ ɗɞɚŮɟɧŰɖŰŬ əŬɘ ŰŬ TSS ́ ɟɞůŭɘɞɟɑůŰɖəŮ ɖ ɛŮŰŬɓɞɚɐ əŬɘ ɖ ŬɜŬɚɞɔɑŬ űŬůɛŬŰɘəɩɜ ɕɤɜɩɜ ˊɞɡ 

ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ŰŬ ŬɘɤɟɞɨɛŮɜŬ ɡɚɘəɎ. ɇɏɚɞɠ, ɔɘŬ Űɖ ɟɞɐ CO2 ɏɔɘɜŮ ŮəŰɑɛɖůɖ Űɞɡ 

űɤŰɞůɡɜɗŮŰɘəɞɨ ɟɡɗɛɞɨ ŭɏůɛŮɡůɖɠ ɎɜɗɟŬəŬ ɛŮ ɢɟɐůɖ Űɖɠ ŮɜůɤɛɎŰɤůɖɠ Űɤɜ ŭŮɘəŰɩɜ NDVI 

əŬɘ PRI. 

ȰˊŮɘŰŬ Ŭˊɧ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ, ɖ ɞˊɞɑŬ ŬˊɞůəɞˊɞɨůŮ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ Űɖɠ əɎɗŮ 

ɛŮŰŬɓɞɚɐɠ əɎɗŮ ˊŬɟŬɛɏŰɟɞɡ, ɖ ɛŮɗɞŭɞɚɞɔɑŬ ɞɚɞəɚɖɟɩɗɖəŮ əŬɘ ŰŬ ůɡɔəɟɘŰɘəɎ ɢŬɟŰɞɔɟŬűɘəɎ 

ɡɚɘəɎ Űɞɡ ˊɟɘɜ əŬɘ Űɞɡ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ ŬˊɞŰɨˊɤɜŬɜ ɧɚŮɠ Űɘɠ ɛŮŰŬɓɞɚɏɠ. 
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ȺɘəɧɜŬ 2-5: ɉɎɟŰɖɠ ȾŬŰŬɜɞɛɐɠ ɉɟɐůŮɤɜ ũɖɠ (Souza Damasceno Paula et al., 2021) 

ɇɞ ˊɟɩŰɞ ŮɝŬɔɩɛŮɜɞ ɢŬɟŰɞɔɟŬűɘəɧ ɡɚɘəɧ ŬˊɞŰɡˊɩɜŮɘ Űɖ ɛŮŰŬɓɞɚɐ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ, ɧˊɞɡ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ Űɖɠ ŭŬůɘəɐɠ ˊŮɟɘɞɢɐɠ əŬŰɎ 70%. 

 
ȺɘəɧɜŬ 2-6: ɉɎɟŰɖɠ ȾŬŰŬɜɞɛɐɠ Chl-a (Souza Damasceno Paula et al., 2021) 
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ȷɨɝɖůɖ ůŰɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɉɚɤɟɞűɨɚɚɖɠ-a ˊɞɡ ŬɜŬŭŮɘəɜɨŮɘ Űɖɜ Ŭɨɝɖůɖ ˊŬɟɞɡůɑŬɠ 

űɡŰɞˊɚŬɔəŰɧɜ.  

 
ȺɘəɧɜŬ 2-7: ɉɎɟŰɖɠ ȾŬŰŬɜɞɛɐɠ ŪɞɚŮɟɧŰɖŰŬɠ (Souza Damasceno Paula et al., 2021) 

ɄŬɟŬŰɖɟɐɗɖəŮ Ŭɨɝɖůɖ 70% Űɖɠ ɗɞɚŮɟɧŰɖŰŬɠ.  

 

 
ȺɘəɧɜŬ 2-8: ɉɎɟŰɖɠ ȾŬŰŬɜɞɛɐɠ TSS (Souza Damasceno Paula et al., 2021) 

Ƀɘ Űɘɛɏɠ Űɞɡ TSS ˊŬɟɏɛŮɘɜŬɜ ůɢŮŰɘəɎ ůŰŬɗŮɟɏɠ.  
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ȺɘəɧɜŬ 2-9: ɉɎɟŰɖɠ ȾŬŰŬɜɞɛɐɠ CO2 (Souza Damasceno Paula et al., 2021) 

ȷɨɝɖůɖ ~35% ůŰɖ ɟɞɐ CO2. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ɖ ɢɟɖůɘɛɧŰɖŰŬ Űɤɜ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ 

ŮəŰɑɛɖůɖ əŬɘ ˊŬɟŬəɞɚɞɨɗɖůɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ŮˊɘˊŰɩůŮɤɜ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ. ȷɜŰɑůŰɞɘɢŬ, 

ɞɘ ŭŮɑəŰŮɠ ɧˊɤɠ ɞ NDVI, PRI əŬɘ NDFI ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

ˊɞɘɧŰɖŰŬ Űɤɜ ɡŭɎŰɤɜ, ɛˊɞɟɞɨɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ůŰɖɜ ŬˊɞŰɨˊɤůɖ ɓɘɞɚɞɔɘəɩɜ ɛŮŰŬɓɞɚɩɜ Ůɜɩ 

ůɡɔəŮəɟɘɛɏɜŬ, ɞ NDFI ŬˊɞŭŮɑɢɗɖəŮ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬˊɩɚŮɘŬɠ 

Űɖɠ ɓɚɎůŰɖůɖɠ əŬɘ Űɖɠ ŮɜŬˊɧɗŮůɖɠ ɘɚɨɞɠ. 

2.2.6 ȺɜůɤɛɎŰɤůɖ ůŮ ůɡůŰɐɛŬŰŬ ɔŮɤˊɚɖɟɞűɞɟɘəɐɠ əŬɘ ŬɜɎɚɡůɖɠ ɛŮɔɎɚɤɜ ŭŮŭɞɛɏɜɤɜ 

ȼ ɔŮɤɚɞɔɘəɐ ŰɖɚŮˊɘůəɧˊɖůɖ ŬˊɞŰŮɚŮɑ Űɖ ɓɎůɖ ɔɘŬ ɔŮɤɢɤɟɘəɎ ŬɜŬɚɡŰɘəɎ ŮɟɔŬɚŮɑŬ ˊɞɡ 

ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŮ GIS əŬɘ ůŮ ˊŮɟɘɓɎɚɚɞɜŰŬ Big Data. Ƀ ůɡɜŭɡŬůɛɧɠ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ŰŮɢɜɘəɩɜ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɛŮ Ŭɚɔɞɟɑɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ŮɝŬɔɤɔɐ ɔŮɤɚɞɔɘəɩɜ ˊɟɞŰɨˊɤɜ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ ɔŮɤŮˊɘůŰɖɛɞɜɘəɩɜ 

ɛɞɜŰɏɚɤɜ ˊɟɧɓɚŮɣɖɠ. 

ȼ ŮɟɔŬůɑŬ Űɤɜ Zhang et al., (2024) ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ əŬɘɜɞŰɧɛɞ ɛɏɗɞŭɞ ŰŬɢŮɑŬɠ ɚɘɗɞɚɞɔɘəɐɠ 

ɢŬɟŰɞɔɟɎűɖůɖɠ ůŮ ɛŮůŬɑŬɠ əŬɘ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ˊŮɟɘɞɢɏɠ, ůɡɜŭɡɎɕɞɜŰŬɠ ŭɞɟɡűɞɟɘəɎ 

ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ (Sentinel-1, Sentinel-2, Landsat 8, DEM) ɛŮ ŬɡŰɧɛŬŰɖ ŰŮɢɜɘəɐ 

ŭɖɛɘɞɡɟɔɑŬɠ ŭŮɘɔɛɎŰɤɜ əŬɘ ˊɟɞɖɔɛɏɜɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŰɖɜ ˊɚŬŰűɧɟɛŬ 

Google Earth Engine. ɀɏůɤ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɔŮɤɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ, Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

ŰŮɢɜɘəɐɠ PCA əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɢɤɟɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ, ˊŬɟɎɢɗɖəŬɜ 11.200 ɡɣɖɚɐɠ 

ˊɞɘɧŰɖŰŬɠ ůɖɛŮɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ŮɝŬɚŮɑűɞɜŰŬɠ ŮɜŭŮɢɧɛŮɜɖ ɡˊɞəŮɘɛŮɜɘəɧŰɖŰŬ əŬŰɎ Űɖɜ 

Ůˊɘɚɞɔɐ ůɖɛŮɑɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Ŭˊɧ Űɞɡɠ ɑŭɘɞɡɠ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ. ȼ ŮɜůɤɛɎŰɤůɖ 
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űŬůɛŬŰɘəɩɜ, ŰɞˊɞɔɟŬűɘəɩɜ əŬɘ ŭŮŭɞɛɏɜɤɜ ɟŬɜŰɎɟ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŰŮɢɜɘəɐ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (FOTM) əŬɘ ŬɜŰɘəŮɘɛŮɜɞůŰɟŬűɐ ŰŬɝɘɜɧɛɖůɖ (SNIC + RF), 

ɞŭɐɔɖůŮ ůŮ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ, ɛŮ ŬəɟɑɓŮɘŬ ŰŬɝɘɜɧɛɖůɖɠ 96,51%. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŮˊɘɓŮɓŬɘɩɜɞɡɜ Űɖ ůɡɛˊɚɖɟɤɛŬŰɘəɧŰɖŰŬ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ŬɘůɗɖŰɐɟɤɜ, Űɖ ůɖɛŬůɑŬ Űɤɜ 

űŬůɛŬŰɘəɩɜ ɕɤɜɩɜ SWIR əŬɘ TIR, əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ ŬˊɞŭɞŰɘəɎ 

ɔŮɤɚɞɔɘəɏɠ ŮűŬɟɛɞɔɏɠ ůŮ ŮəŰŮŰŬɛɏɜŮɠ ˊŮɟɘɞɢɏɠ. ȼ ŮɘəɧɜŬ 2.10 ˊŬɟɞɡůɘɎɕŮɘ Űɖ ůɢŮŰɘəɐ 

ɛŮɗɞŭɞɚɞɔɑŬ, ɖ ɞˊɞɑŬ ɞɟɔŬɜɩɜŮŰŬɘ ůŮ ŰɏůůŮɟŬ əɨɟɘŬ ůŰɎŭɘŬ: 

1. ȷɡŰɧɛŬŰɖ ŭɖɛɘɞɡɟɔɑŬ ŭŮɘɔɛɎŰɤɜ: ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ, ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ 

Űɞɡɠ ŭɞɟɡűɧɟɞɡɠ Sentinel-2, Landsat 8, Sentinel-1 əŬɘ Űɞ ɊɖűɘŬəɧ ɀɞɜŰɏɚɞ ȺŭɎűɞɡɠ 

(DEM). ȺűŬɟɛɧɕɞɜŰŬɘ ŰŮɢɜɘəɏɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ, Ůɜɩ Ŭəɞɚɞɡɗɞɨɜ ŭɘŮɟɔŬůɑŮɠ ɛŮɑɤůɖɠ 

ˊŬɟŬɛɞɟűɩůŮɤɜ Ŭˊɧ ŮɜŭŮɢɧɛŮɜŬ ůűɎɚɛŬŰŬ əŬŰŬɔɟŬűɐɠ. ɀɏůɤ ŬɜɎɚɡůɖɠ əɨɟɘɤɜ 

ůɡɜɘůŰɤůɩɜ (PCA) ůŰɘɠ űŬůɛŬŰɘəɏɠ ɕɩɜŮɠ VNIR, NIR əŬɘ SWIR əŬɘ ɔŮɤɢɤɟɘəɐɠ 

ůɡůɢɏŰɘůɖɠ ɛŮ ŰŬ ɔŮɤɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ŰŮɚɘəɏɠ ˊŮɟɘɞɢɏɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ 14 ɚɘɗɞɚɞɔɘəɩɜ əŬŰɖɔɞɟɘɩɜ əŬɘ ɖ 

ˊŬɟŬɔɤɔɐ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ, əŬɗŬɟɩɜ ŭŮɘɔɛɎŰɤɜ ɛŮ Űɖ ɢɟɐůɖ əŬɜɧɜɤɜ ŮɝɎɚŮɘɣɖɠ 

ɞɟɘŬəɩɜ Űɘɛɩɜ. 

2. ȾŬŰŬůəŮɡɐ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ: ɆŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ, ŮɝɎɔɞɜŰŬɘ 

ůɡɜɞɚɘəɎ 50 ɛŮŰŬɓɚɖŰɏɠ Ŭˊɧ ŰŬ ŰɏůůŮɟŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ (Sentinel-1, Sentinel-2 əŬɘ 

Landsat 8, ŰɞˊɞɔɟŬűɘəɎ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɞ DEM əŬɘ ůɡɜɘůŰɩůŮɠ Űɞɡ ɛɞɜŰɏɚɞɡ PCA). Ƀɘ 

ɛŮŰŬɓɚɖŰɏɠ ŬɡŰɏɠ ɓŮɚŰɘůŰɞˊɞɘɞɨɜŰŬɘ ɛɏůɤ ŬˊɞɛɎəɟɡɜůɖɠ ɘůɢɡɟɎ ůɡůɢŮŰɘůɛɏɜɤɜ 

Űɘɛɩɜ (r Ó 0.9) əŬɘ Ůˊɘɚɞɔɐɠ Űɤɜ ˊɚɏɞɜ ůɖɛŬɜŰɘəɩɜ ˊɟɞɓɚŮˊŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮ 

Űɖ ɛɏɗɞŭɞ RF-RFE (Random Forest ï Recursive Feature Elimination). 

3. ȾŬŰŬůəŮɡɐ əŬɘ Ŭɝɘɞɚɧɔɖůɖ ɛɞɜŰɏɚɤɜ: ɇɞ ŰɟɑŰɞ ůŰɎŭɘɞ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ŬɜŰɘəŮɘɛŮɜɞůŰɟŬűɐ ŰŬɝɘɜɧɛɖůɖ ɛɏůɤ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ SNIC (Simple Non-Iterative 

Clustering), əŬɗɩɠ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ 60 ůŮɜŬɟɑɤɜ ˊɟɧɓɚŮɣɖɠ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ 

ůɡɜŭɡŬůɛɞɨɠ Ŭɚɔɞɟɑɗɛɤɜ (RF, SVM, CART), Űɨˊɤɜ ŭŮŭɞɛɏɜɤɜ, ŬɘůɗɖŰɐɟɤɜ əŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ȼ Ŭˊɧŭɞůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ŬɝɘɞɚɞɔŮɑŰŬɘ ɛŮ ˊŮɜŰŬˊɚɐ 

ŭɘŬůŰŬɡɟɞɨɛŮɜɖ Ůˊɘəɨɟɤůɖ (5-fold cross-validation). 

4. ɄɟɧɓɚŮɣɖ əŬɘ ŬɜɎɚɡůɖ ɢŬɟŰɩɜ: ɆŰɞ ŰŮɚɘəɧ ůŰɎŭɘɞ, ŬɝɘɞɚɞɔŮɑŰŬɘ Űɞ ɓɏɚŰɘůŰɞ ɛɞɜŰɏɚɞ 

ɓɎůŮɘ ŭŮɘəŰɩɜ Ŭˊɧŭɞůɖɠ ɧˊɤɠ ɖ ůɡɜɞɚɘəɐ ŬəɟɑɓŮɘŬ, ɞ F1 score əŬɘ ɖ ŰŬɝɘɜɞɛɖŰɘəɐ 

ɞɛɞɘɞɔɏɜŮɘŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɟɛɖɜŮɨɞɜŰŬɘ ɤɠ ˊɟɞɠ Űɖ ůɡɜŮɘůűɞɟɎ Űɤɜ 

ŭɘŬűɞɟŮŰɘəɩɜ ˊɖɔɩɜ ŭŮŭɞɛɏɜɤɜ, Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ Ůˊɘɚɞɔɐɠ 
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ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ Űɖɜ ɡˊŮɟɞɢɐ Űɖɠ ɛŮɗɧŭɞɡ SNIC ůŰɖɜ ŬˊŮɘəɧɜɘůɖ Űɤɜ 

ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ. 

 
ȺɘəɧɜŬ 2-10: ɀŮɗɞŭɞɚɞɔɘəɐ Ʉɟɞůɏɔɔɘůɖ ȿɘɗɞɚɞɔɘəɐɠ ɉŬɟŰɞɔɟɎűɖůɖɠ Űɤɜ Zhang et al., (2024) 

ȼ ŮɘəɧɜŬ 2.11 ́ ɞɡ ŬəɞɚɞɡɗŮɑ ŬˊŮɘəɞɜɑɕŮɘ Űɞɜ ɗŮɛŬŰɘəɧ ɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ 

Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɧˊɞɡ ŭɘŬəɟɑɜŮŰŬɘ ɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ 17 ɚɘɗɞɚɞɔɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ. ɆŰɞɜ ɢɎɟŰɖ ŭɘŬəɟɑɜɞɜŰŬɘ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ ɧˊɤɠ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘŬ 

(ˊɟɎůɘɜɞ), Ɏɟɔɘɚɞɠ (ŬɜɞɘɢŰɧ ˊɟɎůɘɜɞ), ɘɚɨɠ (əɧəəɘɜɞ), əɚŬůŰɘəɎ ˊŮŰɟɩɛŬŰŬ (əŬűɏ-ˊɟɎůɘɜɞ), 

ɣŬɛɛɑŰɖɠ (əŬűɏ) əŬɘ ɚŬŰɡˊɞˊŬɔɐ (ɟɞɕ), əŬɗɩɠ əŬɘ ŬˊɞɗɏůŮɘɠ Ůɘŭɘəɩɜ ˊŮɟɘɓŬɚɚɧɜŰɤɜ ɧˊɤɠ 

ŮɜŬˊɞɗɏůŮɘɠ Ŭɘɞɚɘəɐɠ ˊɟɞɏɚŮɡůɖɠ Űɖɠ ɃɚɞəŬɑɜɞɡ (ůəɞɨɟɞ ɛˊɚŮ) əŬɘ əŮɚɨűɖ ɗŬɚɎůůɘɤɜ 

ɞɟɔŬɜɘůɛɩɜ (ɛˊŮɕ). Ⱥˊɘˊɚɏɞɜ, ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ˊɡɟɘɔŮɜɐ əŬɘ ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ, 

ɧˊɤɠ ɔɟŬɜɑŰɖɠ (əɑŰɟɘɜɞ), ŭɘɞɟɑŰɖɠ (ɛɤɓ), ˊɞɟűɡɟɑŰɖɠ (əɧəəɘɜɞ-ɛˊɞɟɜŰɧ), ɔɎɓɓɟɞɠ (ɓŬɗɨ 
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ɛˊɚŮ), ůɢɘůŰɧɚɘɗɞɠ (ɔŬɚɎɕɘɞ) əŬɘ ŬůɓŮůŰɧɚɘɗɞɠ (ŬɜɞɘɢŰɧ ɛˊɚŮ), ˊŬɟɏɢɞɜŰŬɠ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ 

ɔŮɤɚɞɔɘəɐ ŬˊɞŰɨˊɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮ ɡɣɖɚɧ ŮˊɑˊŮŭɞ ɚŮˊŰɞɛɏɟŮɘŬɠ. 

 
ȺɘəɧɜŬ 2-11: ɇŮɚɘəɧɠ ɉɎɟŰɖɠ ȿɘɗɞɚɞɔɘəɐɠ ɇŬɝɘɜɧɛɖůɖɠ Űɤɜ Zhang et al., (2024) 

ȼ ɛŮɚɏŰɖ Űɤɜ Ghoneim et al. (2024), ŮůŰɘɎɕŮɘ ůŰɖ ɢɟɐůɖ ŰŮɢɜɘəɩɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ 

ŰɖɚŮˊɘůəɧˊɖůɖɠ ɔɘŬ Űɖ ɚɘɗɞɚɞɔɘəɐ ŬˊɞŰɨˊɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɟɐɔɛŬŰɞɠ Duwi (Duwi Shear 

Belt - DSB) ůŰɖɜ ȾŮɜŰɟɘəɐ ȷɜŬŰɞɚɘəɐ Ȱɟɖɛɞ Űɖɠ ȷɘɔɨˊŰɞɡ. ɀɏůɤ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

Landsat-8/9 əŬɘ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Support Vector Machine (SVM), ŮˊɘɢŮɘɟŮɑŰŬɘ 

ɖ ŭɘɎəɟɘůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ. ȼ ŰŬɝɘɜɧɛɖůɖ ŮɜɘůɢɨɗɖəŮ 

Ŭˊɧ ůɡɜŭɡŬůɛɏɜŮɠ ŰŮɢɜɘəɏɠ ɧˊɤɠ ɞɘ ɊŮɡŭɧɢɟɤɛŮɠ ɆɡɜɗɏůŮɘɠ (FCC), ɖ ȷɜɎɚɡůɖ Ⱦɨɟɘɤɜ 

ɆɡɜɘůŰɤůɩɜ (PCA), ɖ Minimum Noise Fraction (MNF), ŬɚɚɎ əŬɘ ŮˊɘŰɧˊɘŬ ŮɟɔŬůɑŬ ˊŮŭɑɞɡ 

əŬɗɩɠ əŬɘ ŬɜɎɚɡůɖ ŭŮɘɔɛɎŰɤɜ ɛŮ Űɖ ɢɟɐůɖ ɖɚŮəŰɟɞɜɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ. 

ȼ ŬɜɎɚɡůɖ Űɖɠ űŬůɛŬŰɘəɐɠ ŭɘŬɢɤɟɘůɘɛɧŰɖŰŬɠ ɛŮ Űɞ ɛɏŰɟɞ Jefferies-Matusita ŬɜɏŭŮɘɝŮ Űɘɠ 

ˊɟɞəɚɐůŮɘɠ ůŰɖ ŭɘɎəɟɘůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ɚɘɗɞɚɞɔɘɩɜ, ɧˊɤɠ ɞɘ ɛŮŰŬɔəŬɓɓɟɞɑ əŬɘ ɞɘ 
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ɛŮŰŬɡˊŮɟɛŬűɘəɏɠ ɛɞɜɎŭŮɠ. ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŬˊɞŰɨˊɤůɖ ŬɡŰɩɜ Űɤɜ ŭɨůəɞɚɤɜ ˊŮɟɘˊŰɩůŮɤɜ, 

ŮűŬɟɛɧůŰɖəŮ ɖ ŰŮɢɜɘəɐ Űɤɜ ɉɟɤɛŬŰɘəɩɜ ȷɜŬɚɞɔɘɩɜ (Color Ratio Composites - CRC).  

 ȸŬɗɘɎ ɛɎɗɖůɖ əŬɘ ɞˊŰɘəɐ ŬɜŬɔɜɩɟɘůɖ ůŰɖ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ 

ɇɞ əɞɛɛɎŰɘ Űɖɠ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ əŬŰŬɚŬɛɓɎɜŮɘ ɛŮ ůɡɜŮɢɩɠ ŬɡɝŬɜɧɛŮɜɞ ɟɡɗɛɧ, ɏɜŬ ɛŮɔɎɚɞ 

ɛɏɟɞɠ ůŰɘɠ ŭɘŮɟɔŬůɑŮɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŬɜɞɑɔŮɘ ɏɜŬ ŮɜŰŮɚɩɠ əŬɘɜɞɨɟɔɘɞ 

əŮűɎɚŬɘɞ ůŰɖɜ ɘəŬɜɧŰɖŰŬ ɢŬɟŰɞɔɟɎűɖůɖɠ əŬɘ ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɐ Űɖɠ. ȳɛɤɠ ŬɜŰɑůŰɞɘɢŬ 

ŰɑɗŮɜŰŬɘ ɜɏŬ ůŰɞɘɢŮɑŬ ˊɟɞɠ ŬɜŰɘɛŮŰɩˊɘůɖ ɤɠ ˊɟɞɠ Űɖ ŭɘŬŭɘəŬůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ 

ŰɖɚŮˊɘůəɧˊɖůɖɠ ɛŮ Űɖ ɢɟɐůɖ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ əŬɗɩɠ əŬɚŮɑŰŬɘ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ɔŮɤűɡůɘəɏɠ ɐ 

ɓɘɞɢɖɛɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ Ůɜɩ ɞɘ ůɡɜɐɗŮɘɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ Ŭűɞɟɞɨɜ ůŮ ɞˊŰɘəɐ ŬɜŬɔɜɩɟɘůɖ. 

ɆŰɖɜ ɔŮɤɚɞɔɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůɡɜɖɗɑɕŮŰŬɘ ɚɧɔɤ ɡɣɖɚɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɖɠ əɚɑɛŬəŬɠ əŬɘ 

ůɡɢɜɎ ɘůɢɜɐɠ ɢɤɟɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ɖ ŰŬɝɘɜɧɛɖůɖ ɜŬ ɔɑɜŮŰŬɘ ˊɘɞ ŬˊŬɘŰɖŰɘəɐ. ɇŬɡŰɧɢɟɞɜŬ, 

ɖ Ůɝɐɔɖůɖ Űɤɜ ŮɝŬɔɤɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŮɘŭɘəŮɡɛɏɜɞɡɠ Ŭɜɗɟɩˊɞɡɠ ŮɑɜŬɘ ŮɛˊɞŰɘůɛɏɜɖ ɛŮ 

Űɖɜ ɡˊɞəŮɘɛŮɜɘəɧŰɖŰŬ Űɞɡɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬůŬűŮɘɩɜ ůŰɖɜ ɞɚɧŰɖŰŬ Űɞɡ 

ɛɞɜŰɏɚɞɡ ŮəˊŬɑŭŮɡůɖɠ, ɕɐŰɖɛŬ ˊɞɡ ůŰɘɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ ŭŮɜ ɡˊɎɟɢŮɘ əŬɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ɡˊɎɟɝŮɘ. 

ȼ ɞɚɞɏɜŬ əŬɘ ŬɡɝŬɜɧɛŮɜɖ ŮűŬɟɛɞɔɐ Űɤɜ ŰŮɢɜɘəɩɜ ɛɖɢŬɜɘəɐɠ əŬɘ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ ŰŬ ŰŮɚŮɡŰŬɑŬ 

ŭɏəŬ ɏŰɖ, ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ ŮɡɟŮɑŬ ˊɟɞůűɞɟɎ ŰɖɚŮˊɘůəɞˊɖəɩɜ ŭŮŭɞɛɏɜɤɜ Űɧůɞ 

ˊɞɚɡűŬůɛŬŰɘəɩɜ ɧůɞ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɩɜ, ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ˊɞɘəɘɚɧɛɞɟűɖ ɏɟŮɡɜŬ ɤɠ ˊɟɞɠ 

Űɖɜ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Ŭɚɔɧɟɘɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɔɘŬ Űɖɜ 

əŬŰɖɔɞɟɘɞˊɞɑɖůɖ əŬɘ Űɖɜ ŬˊɞŰɨˊɤůɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ. ɄɟɤŰŮɨɞɜ ɛɏɚɖɛŬ 

ŬˊɞŰŮɚŮɑ ɖ ŮˊɘɓŮɓŬɑɤůɖ, əŬŰɖɔɞɟɘɞˊɞɑɖůɖ əŬɘ ɢŬɟŰɞɔɟɎűɖůɖ ɝŮɢɤɟɘůŰɩɜ ˊŮŰɟɤɛɎŰɤɜ ɐ 

ůɡɜɧɚɞɡ ˊŮŰɟɤɛɎŰɤɜ ɑŭɘɞɡ Űɨˊɞɡ. 

ɀɏɢɟɘ ůŰɘɔɛɐɠ, Ůűɧůɞɜ ɞɘ ɛɏɗɞŭɞɘ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ ŭŮɜ ŮɑɜŬɘ Űɧůɞ ŭɘŬŭŮŭɞɛɏɜŮɠ, ůɡɜɖɗɑɕŮŰŬɘ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɘɞ ůɡɛɓŬŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɔɘŬ Űɖɜ ɔŮɤɚɞɔɘəɐ 

ɢŬɟŰɞɔɟɎűɖůɖ. 

ɆŮ ŮɡɟɨŰŮɟɖ ɓɘɓɚɘɞɔɟŬűɑŬ ŮűŬɟɛɧɕɞɜŰŬɘ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ Ŭɚɔɧɟɘɗɛɤɜ ůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ 

Űɨˊɞɡɠ ŭŮŭɞɛɏɜɤɜ ɢɤɟɑɠ ɜŬ ŭɘŬˊɘůŰɩɜŮŰŬɘ ŮˊɘůŰɖɛɞɜɘəɐ ůɨɛˊɜɞɘŬ ɔɘŬ Űɖɜ ɓɏɚŰɘůŰɖ ˊɟŬəŰɘəɐ 

ŬɜɎ əɎɗŮ ŮɜŭŮɢɧɛŮɜɞ. 

ȼ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɛɘŬɠ ɚɘɗɞɚɞɔɑŬɠ ŮɑɜŬɘ ɓŬůɘůɛɏɜɖ ůŰɖɜ ɝŮɢɤɟɘůŰɐ űŬůɛŬŰɘəɐ ŰŬɡŰɧŰɖŰŬ 

ˊɞɡ ɏɢŮɘ əɎɗŮ ůɨɜɞɚɞ ɞɟɡəŰɩɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜŰŬɜɎəɚŬůɖ ɛɞɜŬŭɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ůŮ əŬɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞ. ȹŮŭɞɛɏɜɖɠ Űɖɠ Ůˊɘɟɟɞɐɠ ˊɞɡ ɏɢɞɡɜ ůŮ ŬɡŰɐ Űɖɜ ŬɜŰŬɜɎəɚŬůɖ 
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əŬɗɖɛŮɟɘɜɎ ˊɟɎɔɛŬŰŬ ɧˊɤɠ ɖ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ, ɞɘ ůɡɜɗɐəŮɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ɐ ŬəɧɛŬ əŬɘ ɖ 

ɓɚɎůŰɖůɖ, ˊɟɞůŭɑŭŮŰŬɘ ɛɘŬ ŬɛűɘůɓɐŰɖůɖ ɤɠ ˊɟɞɠ Űɖɜ ˊɞɘɧŰɖŰŬ əŬɘ Űɖ ɚŮˊŰɞɛɏɟŮɘŬ ŮűŬɟɛɞɔɩɜ 

ˊɞɡ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ ɛɧɜɞ ɏɜŬɜ Űɨˊɞ ŭŮŭɞɛɏɜɤɜ. 

ɀŮ ůəɞˊɧ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ɚŮˊŰɞɛɏɟŮɘŬɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ɡˊɞůŰɖɟɘəŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ  ũɘŬ 

Ŭɟɢɐ ŮűŬɟɛɧɕŮŰŬɘ ůɡɔɢɩɜŮɡůɖ ŭŮŭɞɛɏɜɤɜ (data fusion) ˊɞɡ ɚɖűɗɐəŬɜ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɞɨɠ 

ŬɘůɗɖŰɐɟŮɠ, ɛŮ ɛŮɚɏŰŮɠ ɜŬ ŮˊɘɓŮɓŬɘɩɜɞɡɜ Ůɤɠ əŬɘ 10% ŬəɟɘɓɏůŰŮɟŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ ůŮ ůɢɏůɖ 

ɛŮ ɢɟɐůɖ ɛɞɜŬŭɘəɞɨ Űɨˊɞɡ ŭŮŭɞɛɏɜɤɜ. Ⱥˊɘˊɚɏɞɜ, ɧŰŬɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ŰŬ ŭŮŭɞɛɏɜŬ 

ŰɖɚŮˊɘůəɧˊɖůɖɠ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ɛŮ ɔŮɤűɡůɘəɎ ɐ ɔŮɤɢɖɛɘəŬ ŭŮŭɞɛɏɜŬ Ůɜɩ, Űɏɚɞɠ, əɎˊɞɘŮɠ 

űɞɟɏɠ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ,ůɡɜŮɟɔɩɜŰŬɠ, ˊɞɚɚŬˊɚɏɠ ɛɞɟűɏɠ ŰŬɝɘɜɧɛɖůɖɠ ɛŮ 

ŭɘŬűɞɟŮŰɘəɎ ɛɞɜŰɏɚŬ ŬɜŬɔɜɩɟɘůɖɠ. 
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3 ɀȺŪɃȹɃȿɃũȽȾȼ ɄɅɃɆȺũũȽɆȼ 

 ȺɘůŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ  

ɆŰɖɜ Ůəˊɧɜɖůɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ ŭɘŮɜŮɟɔɐɗɖəŮ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɗɞŭɞɚɞɔɑŬ, ɘəŬɜɐ ɜŬ 

ŬˊɞŭɩůŮɘ ŰŬ ɓɏɚŰɘůŰŬ ɢŬɟŰɞɔɟŬűɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ũɘŬ Űɖ ůɡɚɚɞɔɐ Űɤɜ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŮˊɘɚɏɢɗɖəŬɜ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ Sentinel əŬɘ 

Landsat ŰŬ ɞˊɞɑŬ ˊŬɟɏɢɞɡɜ ŬˊŮɘəɞɜɘůŰɘəɎ ŭŮŭɞɛɏɜŬ ŭɘŬűɞɟŮŰɘəɩɜ űŬůɛŬŰɞɔɟŬűɘəɩɜ ɕɤɜɩɜ, 

ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ əŬɘ ŭɘŬűɞɟŮŰɘəɧ ůəɞˊɧ əŬɘ ɏɔɘɜŮ ɢɟɐůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Google Eerth 

Engine (GEE) ˊɞɡ űɘɚɞɝŮɜŮɑ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ əŬɘ ŮŭɎűɘɞ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ. ȹŮŭɞɛɏɜɞɡ ɞŰɘ ɖ 

ˊɞɘɧŰɖŰŬ Űɞɜ ŭŮŭɞɛɏɜɤɜ ɓɟɑůəŮŰŬɘ ůŮ ůɢŮŰɘəɎ ŬŭɟɞɛŮɟɏɠ ŮˊɑˊŮŭɞ, ɛɖ ŭɧəɘɛɞ ɔɘŬ ˊŬɟŬɔɤɔɐ 

ɔŮɤɚɞɔɘəɩɜ ɢŬɟŰɩɜ ŬəɟɘɓŮɑŬɠ, əɟɑɗɖəŮ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮűŬɟɛɞɔɐ Ŭɚɔɞɟɘɗɛɘəɩɜ ɛɞɜŰɏɚɤɜ ˊɞɡ 

əŬŰŬůəŮɡɎůŰɖəŬɜ ůŰɞ ˊŮɟɘɓŬɚɚɞɜ Űɞɡ Kaggle ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

Python. ɆŰɖ ɓɎůɖ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŰɏɗɖəŮ ɖ ŬˊŮɘəɧɜɖůɖ Űɤɜ, 

ůŮ ɛɖ ɞɟŬŰɧ űɎůɛŬ, ŭŮŭɞɛɏɜɤɜ ɛŮ Űɖ ɢɟɐůɖ ɣŮɡŭɞɢɟɤɛŬŰɘəɩɜ ůɡɜɗɏůŮɤɜ.ȰŰůɘ ɚɘɗɞɚɞɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŭɨɜŬɜŰŬɘ ɜŬ ŮɝŬɢɗɞɨɜ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ŬɚɚɎ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɛɖ ɞɟŬŰɧ 

űɎůɛŬ, ˊɚɏɞɜ ůŮ ɏɜŬ ˊɟɤŰŬɟɢɘəɧ ŮˊɑˊŮŭɞ ŮɑɜŬɘ ŬˊɞŰɡˊɤɛɏɜŬ. ȰˊŮɘŰŬ əɟɑɗɖəŮ ŬɜŬɔəŬɑŬ ɖ 

ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ Űɖɠ ŬɜɎɚɡůɖɠ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ (PCȷ), ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɞˊɞɑɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɖɛŬɜŰɘəɐ ŭɘŬɚŮɨəŬɜůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ŰŬɝɘɜɧɛɖůɖ Űɞɡɠ ɓɎůŮɘ 

ůɖɛŬůɑŬɠ, ɛɖ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ˊɚŮɞɜɎɕɞɡůŮɠ ŬəŰɘɜɞɓɞɚɑŮɠ 

əŬɘ ŬɡɝɎɜɞɡɜ Űɖ ŭɘŬůŰŬŰɘəɧŰɖŰŬ Űɞɡ ŬˊŮɘəɞɜɘɕɧɛŮɜɞɡ ˊɟɞɥɧɜŰɞɠ. ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, ɛŮ ůəɞˊɧ 

Űɖɜ ŮɡɟɨŰŮɟɖ ŰŬɝɘɜɧɛɖůɖ ŭŮŭɞɛɏɜɤɜ ůŮ ůɖɛŬɜŰɘəɎ ɐ ɛɖ, Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɡˊɞɓɚɐɗɖəŮ 

ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛŮɑɤůɖɠ ɗɞɟɨɓɞɡ ɛŮ ɢɟɐůɖ Űɖɠ Minimum Noise Fraction, ɖ ɞˊɞɑŬ ůŰɖɜ 

ɞɡůɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɞ ŭɨɞ Ůˊɘˊɚɏɞɜ ŬɜŬɚɨůŮɘɠ əɡɟɑɤɜ ůɡɜɘůŰɤůɩɜ ɞɘ ɞˊɞɑŮɠ əŬŰŬɜɏɛɞɡɜ ŰŬ 

ɛɏɟɖ Űɞɡ ůɐɛŬŰɞɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ, ůŮ ŬɡŰɎ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɢɟɐůɘɛɖ ˊɚɖɟɞűɞɟɑŬ əŬɘ ůŮ ŬɡŰɎ 
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ˊɞɡ ˊɟɞůŭɑŭɞɡɜ ɗɧɟɡɓɞ ɚɧɔɤ ˊɚŮɞɜɎɕɞɜŰɤɜ ˊɚɖɟɞűɞɟɘɩɜ. ɇŮɚŮɡŰŬɑŬ ŭɘŬŭɘəŬůɑŬ ůŰɖɜ 

ˊɟɞˊŬɟŬůəŮɡɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬˊɞŰɏɚŮůŮ ɖ ɢɟɐůɖ Űɞɡ ŭŮɑəŰɖ ŰɛɖɛŬŰɞˊɞɑůɖɠ Űɞɡ ŬɜŬɔɚɨűɞɡ 

Űɖɠ ˊŮɟɘɞɢɐɠ (Dissection Index) əŬɘ ɖ ŬˊɞŰɨˊɤůɖ Űɞɡ ɓŬɗɛɞɨ ŬˊɞůɎɗɟɤůɐɠ Űɖɠ, Űɤɜ əɚɑůŮɤɜ 

Űɤɜ ˊɟŬɜɩɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ, Űɤɜ ɡɣɞɛŮŰɟɘəɩɜ ŭɘŬűɞɟɞˊɞɘɐůŮɤɜ əŬɘ Űɖɠ ŮɡɟɨŰŮɟɖɠ 

ɔŮɤɛɞɟűɞɚɞɔɑŬɠ ˊɞɡ ŮɑɜŬɘ ŬˊŬɘŰɖŰɘəɧ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɘŭɑɤɠ ůŮ ŭɡůˊɟɧůɘŰŮɠ ˊŮɟɘɞɢɏɠ. ɀŮ Űɞɜ 

Dissection Index ŮəŰɘɛɎŰŬɘ əŬɘ ůɡɜɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɔŮɤɛŮŰɟɑŬ əŬɘ ɖ ŰɟɘɔɤɜɞɛŮŰɟɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

ˊɞɡ ůŰɖɜ ɛŮɟəŬŰɞɟɘəɐ ˊɟɞɓɞɚɐ ŭɘŬůŰɟŮɡɚɩɜŮŰŬɘ. 

ȷˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ˊɚɏɞɜ ŰŬ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ ɏɚŬɓŬɜ Űɖɜ əŬŰɎɚɚɖɚɖ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ 

ɩůŰŮ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ɢɟɐůɘɛŬ, ɔɘŬ Űɖɜ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ, ɢŬɟŬəŰɖɟɘůŰɘəɎ, 

ŰɟɞűɞŭɞŰɐɗɖəŬɜ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ Ůəŭɞɢɏɠ Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ ɓŬɗɘɎɠ ɛɎɗɖůɖɠ U-net (dense 

u-net, residual u-net, attention u-net), ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ɢŬɟŰɩɜ, 

ŭɘŬűɞɟŮŰɘəɐɠ ŬəɟɑɓŮɘŬɠ əŬɘ ůŰŬɗŮɟɧŰɖŰŬɠ, ɞɘ ɞˊɞɑɞɘ ŰŮɚɘəɎ ůɡɔəɟɑɜɞɜŰŬɘ əŬɘ ŮˊɘɚɏɔŮŰŬɘ ɖ 

ɓɏɚŰɘůŰɖ. 

ɆŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ůŰɎŭɘŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŬɜɎɚɡůɖɠ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ əŬɗɩɠ əŬɘ Űɞ ɗŮɤɟɖŰɘəɧ 

ɡˊɧɓŬɗɟɞ ůŰɞ ɞˊɞɑɞ ɓŬůɑɕɞɜŰŬɘ əŬɘ ɞ ůəɞˊɧɠ ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ. 

 Ɇɡɚɚɞɔɐ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ Sentinel & Landsat  

ɇŬ ŰɖɚŮˊɘůəɞˊɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ Ůɡɟɏɤɠ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ 

ˊɟɞɏɟɢɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŭɞɟɡűɧɟɞɡɠ Sentinel əŬɘ Landsat. ȷɛűɧŰŮɟŬ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ 

ŭɘŬɗɏŰɞɡɜ ŰŬ ŬˊŮɘəɞɜɘůŰɘəɎ Űɞɡɠ ůŰɞɘɢŮɑŬ ŭɤɟŮɎɜ ůŰɞ Ůɡɟɨ əɞɘɜɧ, əŬɗɘůŰɩɜŰŬɠ ŰŬ 

ŬɜŬˊɧůˊŬůŰɞ ŮɟɔŬɚŮɑɞ ŮˊɘůŰɖɛɧɜɤɜ əŬɘ ɛɖɢŬɜɘəɩɜ ˊɞɡ ŭɟŬůŰɖɟɘɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ 

ŭɞɟɡűɞɟɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɔɖɠ əŬɘ ůŰɖɜ ŰɖɚŮˊɘůəɧˊɖůɖ. 

3.2.1 SENTINEL 

ɇɞ ˊɟɧɔɟŬɛɛŬ Sentinel ůɡɜɘůŰɎ Űɞɜ ɗŮɛŮɚɘɩŭɖ ˊɡɚɩɜŬ Űɞɡ ȺɡɟɤˊŬəɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɖɠ ũɖɠ Copernicus, Űɞ ɞˊɞɑɞ ŭɘŮɜŮɟɔŮɑŰŬɘ ůŮ ůɡɜŮɟɔŬůɑŬ Űɖɠ ȺɡɟɤˊŬɥəɐɠ 

ȺˊɘŰɟɞˊɐɠ əŬɘ Űɖɠ ȺɡɟɤˊŬɥəɐɠ ɈˊɖɟŮůɑŬɠ ȹɘŬůŰɐɛŬŰɞɠ. ŪɏŰŮɘ ůŰɞ ŮˊɑəŮɜŰɟɞ Űɖɜ Ůəˊɚɐɟɤůɖ 

Űɖɠ ŬɜɎɔəɖɠ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ ɜŬ ɏɢŮɘ ˊɟɧůɓŬůɖ ůŮ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ,ŭɤɟŮɎɜ 

ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ ŬŭɘɎəɞˊŬ. ȰŰůɘ ŭɘŮɡəɞɚɨɜŮŰŬɘ Ɏɟŭɖɜ ɖ ŮɟŮɡɜɖŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ˊɞɡ 

ŬˊɞůəɞˊŮɑ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ˊɞɚɘŰɘəɐɠ, Űɖɠ ŭɘŬɢŮɑɟɖůɖɠ ˊɧɟɤɜ, Űɖɠ 

ŬɜŰɘɛŮŰɩˊɘůɖɠ űɡůɘəɩɜ əŬŰŬůŰɟɞűɩɜ əŬɘ Űɖɠ ŮɔɔŮɜɞɨɠ ŬŮɘűɞɟɑŬɠ. ȼ ˊɟɩŰɖ ŮəŰɧɝŮɡůɖ 

ɢɟɞɜɞɚɞɔŮɑŰŬɘ Űɞ 2014 ɛŮ Űɞɜ Sentiinel-1A, Ůɜɤ Ŭˊɧ ŰɧŰŮ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ ŮˊɧɛŮɜŮɠ 

ŬˊɞůŰɞɚɏɠ ɛŮ ŭɞɟɡűɧɟɞɡɠ ˊɞɡ əŬɚɨˊŰɞɡɜ Ůɡɟɨ űɎůɛŬ ŮˊɘůŰɖɛɞɜɘəɩɜ ŮűŬɟɛɞɔɩɜ.  
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ȼ ŬˊɞůŰɞɚɐ Sentinel-1 əŬɚɨˊŰŮŰŬɘ Ŭˊɞ ŭɞɟɡűɧɟɞɡɠ ɞɘ ɞˊɞɑɞɘ ˊŬɟɏɢɞɡɜ ůɡɜŮɢɐ ŭŮŭɞɛɏɜŬ, 

ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ŬɜŬ ˊɎůŬ ůŰɘɔɛɐ ŮˊɘəɟŬŰɞɨɜ ɐ Űɖɜ űɤŰŮɘɜɧŰɖŰŬ , 

əŬɗɩɠ ŭɘŬɗɏŰɞɡɜ ɟŬɜŰɎɟ ůɡɜɗŮŰɘəɞɨ ŬɜɞɑɔɛŬŰɞɠ, ůŮ ɕɩɜɖ C. ȳůɞɘ ůŰɟɏűɞɜŰŬɘ ůŰɖ ɢɟɐůɖ Űɞɡɠ 

ŭɨɜŬɜŰŬɘ ɜŬ ˊŬɟŬəɞɚɞɡɗɐůɞɡɜ ˊɞɘəɑɚŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɔɖɠ ɧˊɤɠ ɛŮŰŬəɘɜɐůŮɘɠ 

ŮŭŬűɩɜ, ˊŬɔɞəɎɚɡɣɖ, ˊɚɖɛɛɨɟŮɠ, əŬŰɞɚɘůɗɖŰɘəɎ űŬɘɜɧɛŮɜŬ əŬɘ ůŮɘůɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. 

ȷɜŰɑůŰɞɘɢŬ ɖ ŮˊɧɛŮɜɖ ŬˊɞůŰɞɚɐ Sentinel-2 ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ əŬŰŬɔɟŬűɐ Ůɘəɧɜɤɜ ůŮ 13 

ŭɘŬűɞɟŮŰɘəɏɠ űŬůɛŬŰɘəɏɠ ɕɩɜŮɠ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ ˊɞɚɡűŬůɛŬŰɘəɞɨ ɞɟɔɎɜɞɡ MSI.Oɘ ɢɤɟɘəɏɠ 

ŬɜŬɚɨůŮɘɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭɘŬűɏɟɞɡɜ ŬɜɎ ɕɩɜɖ űɎůɛŬŰɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɘɠ ɕɩɜŮɠ 

ȸ2,ȸ3,ȸ4,ȸ8 ɞɘ ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ Űɞ ɞɟŬŰɧ űɎůɛŬ əŬɘ Űɞ əɞɜŰɘɜɧ ɡˊɏɟɡɗɟɞ ɖ ŬɜɎɚɡůɖ ŮɑɜŬɘ 

ůŰŬ 10m., Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɔɘŬ Űɘɠ ɕɩɜŮɠ Űɞɡ red-edge əŬɘ Űɞɡ ɓɟŬɢɏɤɠ ɡˊɏɟɡɗɟɞɡ ȸ5, ȸ6, ȸ7, 

ȸ8ȷ, ȸ11, ȸ12 ɖ ŬɜɎɚɡůɖ ŬɜɏɟɢŮŰŬɘ ůŰŬ 20m. ɇŮɚɞɠ ɞɘ ŬˊɞɛŮɑɜŬůŮɠ ɕɩɜŮɠ ȸ1,ȸ9,ȸ10 ɏɢɞɡɜ 

ŬɜɎɚɡůɖ 60m əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ŬŰɛɞůűŬɘɟɘəɐ ŭɘɧɟɗɤůɖ. ɆɡɜɞɚɘəɎ ɖ ŬˊɞůŰɞɚɐ ˊŬɟɏɢŮɘ 

ˊɞɘəɑɚɞɡ űɎůɛŬŰɞɠ ŬˊŮɘəɞɜɘůŰɘəɎ ŭŮŭɞɛɏɜŬ, ɛŮ ůɡɢɜɧŰɖŰŬ ɚɐɣɖɠ ŬɜɎ 5 ɖɛɏɟŮɠ əŬɘ 

ŮɜŭŮɑəɜɡŰŬɘ ɔɘŬ ŮɜŬůɢɧɚɖůɖ ɛŮ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɓɚɎůŰɖůɖɠ, Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ, Űɖɠ 

ŬůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ɐ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ɡŭɎŰɤɜ.  

Ƀɘ ŭɨɞ ˊɟɩŰŮɠ ŬˊɞůŰɞɚɏɠ ŮɑɜŬɘ əŬɘ ŮəŮɑɜŮɠ ˊɞɡ ˊŬɟɏɢɞɡɜ ŰŬ ˊɘɞ ɢɟɐůɘɛŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞɡɠ 

ůəɞˊɞɨɠ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ, ŭŮŭɞɛɏɜɞɡ ɞŰɘ ɞ ɖ ˊɟɩŰɖ ˊɚɖɟɞűɞɟŮɑ ůɢŮŰɘəɎ ɛŮ Űɞɜ 

əŮɟɛŬŰɘůɛɧ Űɞɡ ŮŭɎűɞɡɠ əŬɘ ŰŬ ŮɜŮɟɔɎ űŬɘɜɧɛŮɜŬ Űɖɠ  ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐɠ Ůɜɤ ɖ ŭŮɨŰŮɟɖ 

ŬˊɞůŰɞɚɐ ɚɧɔɤ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ űŬůɛɎŰɤɜ ˊɞɡ ůɡɚɚɏɔŮɘ əɎɜŮɘ ɞɟŬŰɏɠ ɞɟɡəŰɞɚɞɔɘəɏɠ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ əŬɘ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ.  

ɆɡɛˊɚɖɟɤɛŬŰɘəɎ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ˊɟɞɔɟŬɛɛŬ Sentinel-3 ɛŮ əɨɟɘŬ ŮɟɔŬɚŮɑŬ ŬɘůɗɖŰɐɟŮɠ OLCI( 

Ocean and Land Colour Instrument), SRAL (Radar Altimeter) əŬɘ ɀWR (Microwave 

Radiometer). ɆɡɜŭɡŬůŰɘəɎ ɞɘ ŬɘůɗɖŰɐɟŮɠ ŬɡŰɞɑ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɎůɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ 

ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ ɐ Űɖɠ ɝɖɟɎɠ, ɛŮ Űɞ ɢɟɩɛŬ əŬɘ Űɞ ɡɣɧɛŮŰɟɞ. 

ɇɏɚɞɠ, ůŮ ŭɘŬűɞɟŮŰɘəɎ ůŰɎŭɘŬ Ůɝɏɚɘɝɖɠ ɓɟɑůəɞɜŰŬɘ əŬɘ ŰŬ ŰŮɚŮɡŰŬɑŬ ˊɟɞɔɟɎɛɛŬŰŬ Sentinel-4, 

5, 6 ˊɞɡ ŮůŰɘɎɕɞɡɜ ůŮ ŬŰɛɞůűŬɘɟɘəɎ əŬɘ ɗŬɚɎůůɘŬ əɡɟɑɤɠ űŬɘɜɧɛŮɜŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɕɖŰɐɛŬŰŬ. 

3.2.2 LANDSAT 

ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ ŮˊɞɘəɞŭɞɛɘŰɘəɐ ůɡɜŮɟɔŬůɑŬ Űɖɠ NASA əŬɘ Űɖɠ ɈˊɖɟŮůɑŬɠ ũŮɤɚɞɔɘəɩɜ 

ȺɟŮɡɜɩɜ Űɤɜ ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ, ŭɖɛɘɞɨɟɔɖůŮ Űɘɠ əŬŰɎɚɚɖɚŮɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ ˊŬɚŬɘɧŰŮɟɞɡ ˊɚɏɞɜ ˊɟɞɔɟɎɛɛŬŰɞɠ ŭɞɟɡűɞɟɘəɐɠ ˊŬɟŬŰɐɟɖůɖɠ Űɖɠ ɔɖɠ, 

Űɞ ˊɟɧɔɟŬɛɛŬ Landsat ɛŮ ˊɟɩŰɖ ŮəŰɧɝŮɡůɖ Űɞ 1972. ɀɏɢɟɘ ůɐɛŮɟŬ Űɧůɞ ɖ ˊɟɩŰɖ ŬˊɞůŰɞɚɐ 
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ɧůɞ əŬɘ ɧůŮɠ ŬəɞɚɞɨɗɖůŬɜ ɏɢɞɡɜ ůɡɛɓɎɚɚŮɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ŮəŰŮɜɞɨɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, 

ɘŭŬɜɘəɩɜ ɔɘŬ Űɖ ˊŬɟŬŰɐɟɖůɖ ɛŮŰŬɓɞɚɩɜ Űɖɠ ɔɐɘɜɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰɖ ɔŮɤɚɞɔɑŬ, Űɖ ˊɞɚŮɞŭɞɛɑŬ, 

Űɖ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ əɟɑůŮɤɜ.  

ɆɡɜɞɚɘəɎ ɏɢɞɡɜ ɞɚɞəɚɖɟɤɗŮɑ ŮɜɜɏŬ ɝŮɢɤɟɘůŰɏɠ ŬˊɞůŰɞɚɏɠ, ɛŮ Űɖɜ əɎɗŮ ɛɘŬ ɜŬ ŬˊɞŰŮɚŮɑ 

ɓŮɚŰɑɤůɖ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ůŮ ŮɡəɟɑɜŮɘŬ, ɘəŬɜɧŰɖŰŬ əŬŰŬɔɟŬűɐɠ, ɐ ŬəɧɛŬ əŬɘ ŭɘŮɨɟɡɜůɖ Űɞɡ 

űɎůɛŬŰɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ůŰŬŭɘŬəɏɠ ŬˊɞůŰɞɚɏɠ əŬɘ ŬɜŬɓŬɗɛɑůŮɘɠ: 

¶ Landsat-1, 2, 3: Oɘ ˊɟɩŰɞɘ ŰɟŮɘɠ ŭɞɟɡűɧɟɞɘ ɚŮɘŰɞɡɟɔɞɨůŬɜ ɛŮ Multispectral Scanner, 

ŰŮůůɎɟɤɜ űŬůɛŬŰɘəɩɜ ɕɤɜɩɜ, ɛŮ ɢɤɟɘəɐ ŬɜɎɚɡůɖ 60m. 

¶ Landsat-4, 5: Oɘ ŮˊɧɛŮɜɞɘ ŭɨɞ ɏɜŰŬɝŬɜ ŭɨɞ ŬɘůɗɖŰɐɟŮɠ Thematic Mapper ˊɞɡ ŬɨɝɖůŬɜ 

Űɘɠ űŬůɛŬŰɘəɏɠ ɕɩɜŮɠ ůŮ 7, ɓŮɚŰɑɤůŬɜ Űɖɜ ŬɜɎɚɡůɖ ůŰŬ 30m əŬɘ ˊɟɞůɏɗŮůŬɜ ɗŮɟɛɘəɐ 

ɕɩɜɖ ŬɜɎɚɡůɖɠ 120m.  

¶ Landsat-7: ȷˊɞŰɏɚŮůŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɎɚɛŬ ˊɟɞɧŭɞɡ, əŬɗɩɠ ŮɘůɐɔŬɔŮ Űɞɜ Enchanced 

Thematic Mapper Plus, ɛŮ ˊŬɔɢɟɤɛŬŰɘəɐ ɕɩɜɖ ŬɜɎɚɡůɖɠ 15m, ɎɟŬ ŬəɟɘɓŮɑɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɘɠ ɢɟɐůŮɘɠ ɔɖɠ əŬɘ Űɖ ɔŮɤɚɞɔɑŬ.  

¶ Landsat-8, 9: Ƀɘ ŰŮɚŮɡŰŬɑŮɠ əŬɘ ˊɘɞ ůɨɔɢɟɞɜŮɠ ˊɟɞůɗɐəŮɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, 

ŮɝɞˊɚɘůɛɏɜŮɠ ɛŮ ŬɘůɗɖŰɐɟŮɠ OLI (Operational Land Imager) əŬɘ TIRS (Thermal 

Infrared Sensor). Ƀ ˊɟɩŰɞɠ ŭɘŬɗɏŰŮɘ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŮɜɜɏŬ ŭɘŬűɞɟŮŰɘəɎ 

űɎůɛŬŰŬ, ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ 30m, əŬɘ ˊŬɔɢɟɤɛŬŰɘəɐ ɕɩɜɖ 15m. Ⱥɜɩ ɞ TIRS ůɡɚɚɏɔŮɘ 

ɗŮɟɛɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɞ 2 ɕɩɜŮɠ ůŰɞ ɡˊɏɟɡɗɟɞ ɛŮ ŬɜɎɚɡůɖ 100m.  

ɆɡɜɞɚɘəɎ, ɖ ůɡɛɓɞɚɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Landsat ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ŮɑɜŬɘ 

ɓŬɟɨɜɞɡůŬɠ ůɖɛŬůɑŬɠ əŬɗɩɠ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ŭɘŬŰɑɗŮɜŰŬɘ Ŭˊɞ Űɞɡɠ ŭɞɟɡűɧɟɞɡɠ Űɞɡ 

ŮˊɘɗɏɢɞɜŰŬɘ ŮəŰŮɜɐ ŮˊŮɝŮɟɔŬůɑŬ ɛŮ Űɖ ɢɟɐůɖ Ŭɚɔɞɟɑɗɛɤɜ əŬɘ ŭŮɘəŰɩɜ ɧˊɤɠ ɞ ŭŮɑəŰɖɠ NDVI 

ˊɞɡ ŬɝɘɞɚɞɔŮɑ Űɖ ɓɚɎůŰɖůɖ ɐ ɞ NDBI ɔɘŬ Űɞɜ ŬůŰɘəɧ ɘůŰɧ. ɆɡɛˊɚɖɟɤɛŬŰɘəɎ ɖ ŬɜɎ 16 ɛɏɟŮɠ 

ˊŮɟɘɞŭɘəɧŰɖŰŬ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɢɟɞɜɞůŮɘɟɩɜ, ɘəŬɜɩɜ ɜŬ ŬˊŮɘəɞɜɑůɞɡɜ Űɖɜ ɨˊŬɟɝɖ 

ɛŮŰŬɓɞɚɩɜ əŬɘ Űɞ ɛɏŰɟɞ Űɖɠ əɟɘůɘɛɧŰɖŰɎɠ Űɞɡɠ.  

ɀŮ Űɖ ůɤůŰɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ, ŮɜŭŮɢɞɛɏɜɤɠ, ŮəɛŮŰŬɚɚŮɡɧɛŮɜɖ Űɖɜ 

ůɡɛɓŬŰɧŰɖŰŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Landsat ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ Sentinel, ɖ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ 

əŬŰɏɢŮɘ ůŰɖ ŭɘɎɗŮůɖ Űɖɠ ŮɜɎ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚŮůɛŬŰɘəɧ əŬɘ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɖɠ ɔɖɠ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ ůɖɛŬɜŰɘəɎ ŮɟɔŬůɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ 

ˊŬɟŬəɞɚɞɨɗɖůɖ, ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ, ŮəŰɑɛɖůɖ ɔŮɤəɘɜŭɨɜɤɜ əŬɘ ˊɞɚɚɏɠ ŬəɧɛŬ 

ŮűŬɟɛɞɔɏɠ. 
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ɄɑɜŬəŬɠ 3-1: ūŬůɛŬŰɘəɏɠ ɕɩɜŮɠ Landsat-8 əŬɘ Sentinel-2 ɛŮ ŬɜŰɑůŰɞɘɢɞ ɛɐəɞɠ əɨɛŬŰɞɠ əŬɘ ɢɤɟɘəɐ 

ŬɜɎɚɡůɖ  

Ȼɩɜɖ Landsat 8 OLI ɀɐəɞɠ əɨɛŬŰɞɠ 

(nm) 

ȷɜɎɚɡůɖ 

(m) 

Sentinel-2 MSI ɀɐəɞɠ əɨɛŬŰɞɠ 

(nm) 

ȷɜɎɚɡůɖ 

(m) 

1 ȷŮɟɞɕɧɚ ˊŬɟɎəŰɘɞɡ 433 ï 453 30 ȷŮɟɞɕɧɚ ˊŬɟɎəŰɘɞɡ 433 ï 453 60 

2 ɀˊɚŮ (B) 450 ï 515 30 ɀˊɚŮ (B) 458 ï 523 10 

3 ɄɟɎůɘɜɞ (G) 525 ï 600 30 ɄɟɎůɘɜɞ (G) 543 ï 578 10 

4 Ⱦɧəəɘɜɞ (R) 630 ï 680 30 Ⱦɧəəɘɜɞ (R) 650 ï 680 10 

5 Ⱥɔɔɨɠ ɡˊɏɟɡɗɟɞ 

(NIR) 

845 ï 885 30 Ⱥɔɔɨɠ ɡˊɏɟɡɗɟɞ (NIR) 785 ï 900 10 

ð ð ð ð Red Edge 1 (RE1) 698 ï 713 20 

ð ð ð ð Red Edge 2 (RE2) 733 ï 748 20 

ð ð ð ð Red Edge 3 (RE3) 773 ï 793 20 

ð ð ð ð ɆŰŮɜɧ Ůɔɔɨɠ ɡˊɏɟɡɗɟɞ 

(NIRn) 

855 ï 875 20 

6 SWIR1 1560 ï 1660 30 SWIR1 1565 ï 1655 20 

7 SWIR2 2100 ï 2300 30 SWIR2 2100 ï 2280 20 

9 Cirrus 1360 ï 1390 30 Cirrus 1360 ï 1390 60 

ð ð ð ð ɈŭɟŬŰɛɞɑ 935 ï 955 60 

8 ɄŬɔɢɟɤɛŬŰɘəɧ 500 ï 680 15 ð ð ð 

 

 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ɕɐŰɖɛŬ ˊɞɡ ŭɘŮɟŮɡɜɎŰŬɘ ůŰɞ ŮˊɑəŮɜŰɟɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ əŬɘ 

ŬűɞɟɎ Űɖɜ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ, ɡˊɎɟɢɞɡɜ ůɡɜŭɡŬůɛɞɑ űŬůɛŬŰɘəɩɜ ɕɤɜɩɜ ˊɞɡ 

ŮɝɡˊɖɟŮŰɞɨɜ ŰŬ ɛɏɔɘůŰŬ. ȷɟɢɘəɎ ɞ ŭɞɟɡűɧɟɞɠ Sentinel-1, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ Ůɝɞˊɚɘůɛɏɜɞɠ ɛŮ 

ŰŮɢɜɞɚɞɔɑŬ Űɨˊɞɡ Radar ŬɝɘɞˊɞɘŮɑŰŬɘ ɛŮ ůəɞˊɧ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɔŮɤɛɞɟűɞɚɞɔɑŬɠ əŬɘ 

ɡɣɞɛŮŰɟɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɞɡ ŬɜŬɚɔɨűɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ, Ŭˊɧ Űɖɜ Ɏɚɚɖ ɞ Sentinel-2 ɛˊɞɟŮɑ 

ɛŮ ɓɎůɖ Űɘɠ ɕɩɜŮɠ B8, B11, B12 ɜŬ ŮɜɘůɢɨůŮɘ Űɖɜ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ ŬˊŮɘəɧɜɘůɖɠ 

ŭɘŬűɞɟŮŰɘəɩɜ ɔŮɤɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɞ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ŬɜŬəɚɞɨɜ 

ŭɘŬűɞɟŮŰɘəɎ.ɆɡɛˊɚɖɟɤɛŬŰɘəɎ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ Landsat-8 ́ ɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ Űɘɠ ɕɩɜŮɠ B4, B6, 
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B7 ɞɛɞɑɤɠ Űɞɜɑɕɞɡɜ Űɘɠ ɚɘɗɞɚɞɔɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ, ŬˊŮɘəɞɜɑɕɞɡɜ Űɘɠ ɡŭɟɞɗŮɟɛɘəɏɠ 

ŬɚɚɞɘɩůŮɘɠ əŬɘ ŰŬɝɘɜɞɛɞɨɜ ˊɡɟɘɔŮɜŮɑɠ əŬɘ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɨɠ. 

 ɊŮɡŭɞɢɟɤɛŬŰɘəɏɠ ůɡɜɗɏůŮɘɠ (False Colour Composites-FCC) 

Ƀɘ ɣŮɡŭɞɢɟɤɛŬŰɘəɏɠ ůɡɜɗɏůŮɘɠ ŭɘŮɜŮɟɔɞɨɜŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůŰɞ ɛɖ 

ɞɟŬŰɧ űɎůɛŬ ɔɘŬ Űɞ Ŭɜɗɟɩˊɘɜɞ ɛɎŰɘ ŬˊŮɘəɞɜɑɕɞɜŰŬɠ ŰŮɠ ɛŮ ůɡɔəŮəɟɘɛɏɜɞ Űɟɧˊɞ, ɛɖ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ˊɟŬɔɛŬŰɘəɎ ɢɟɩɛŬŰŬ ˊɞɡ ŬɜŰŬɜŬəɚɩɜŰŬɘ ůŰɖ ˊŮɟɘɞɢɐ, ɩůŰŮ ɜŬ 

ŭɘŬəɟɑɜɞɜŰŬɘ əŬɘ ɜŬ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ůŮ ɓŬůɘəɧ əŬɘ Ŭɟɢɘəɧ ŮˊɑˊŮŭɞ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ɚɘɗɞɔɟŬűɑŮɠ 

ɛɘŬɠ ˊŮɟɘɞɢɐɠ. ȰŰůɘ, ɛŮ ɓŮɓŬɘɧŰɖŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ɏɜŬ Ŭˊɧ ŰŬ ɓɏɚŰɘůŰŬ ŮɟɔŬɚŮɑŬ 

ŬˊŮɘəɧɜɘůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɞɚɚɩɜ əŬɜŬɚɘɩɜ. ȱ ɢɟɖůɘɛɧŰɖŰɎ Űɞɡɠ əɞɟɡűɩɜŮŰŬɘ ůŰɞ ˊɟɤŰŬɟɢɘəɧ 

ůŰɎŭɘɞ Űɖɠ ŬŭɟɞɛŮɟɞɨɠ ŬˊɞŰɨˊɤůɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛɘŬɠ ˊŮɟɘɞɢɐɠ. ȹŮŭɞɛɏɜɖɠ Űɖɠ ůɤůŰɐɠ 

Ůˊɘɚɞɔɐɠ ɕɤɜɩɜ əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Landsat ɞɘ FCC 

ŭɨɜŬɜŰŬɘ ɜŬ ˊɟɞůŭɩůɞɡɜ ɞɡůɘɩŭŮɘɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ŭɘŬəɟɑůŮɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ɜŬ 

ɛˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ ɛɘŬ ˊŮɟɘɞɢɐ. 

Ɇɡɜɐɗɤɠ əŬŰɎ Űɖɜ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ɛŮ ŰɖɚŮˊɘůəɞˊɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ 

ŭɞɟɡűɧɟɞ Landsat ŬɝɘɞˊɞɘɞɨɜŰŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɕɩɜŮɠ ˊɞɡ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: ɖ ɕɩɜɖ 7 (SWIR2) 

ŭɘŬŭŮŭɞɛɏɜɖ ůŰɖ ɔŮɤɚɞɔɑŬ ɛŮ ůəɞˊɧ Űɞɜ ŮɜŰɞˊɘůɛɧ ŭɘŬűɞɟŮŰɘəɐɠ ɚɘɗɞɔɟŬűɑŬɠ əŬɘ 

ɞɟɡəŰɞɚɞɔɘəɐɠ ůɨůŰŬůɖɠ, ɖ ɕɩɜɖ 5 (NIR) ɔɘŬ Űɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ 

Ŭˊɧ Űɞɡɠ ɓɟŬɢɩŭŮɘɠ əŬɘ ɖ ɕɩɜɖ 4 (Red) ɤɠ ˊɟɞɠ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, Űɤɜ ŮŭŬűɘəɩɜ 

ɐ ɓɟŬɢɩŭɤɜ ůɢɖɛŬŰɘůɛɩɜ, ˊɞɡ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ɓɚɎůŰɖůɖ ɐ ɧɢɘ. 

 ȷɜɎɚɡůɖ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ (Principal Component Analysis - PCA) 

ȼ ȷɜɎɚɡůɖ Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜ (PCA) ɞɟɑɕŮŰŬɘ ɤɠ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ 

ˊɞɚɚɩɜ ɛŮŰŬɓɚɖŰɩɜ ɛŮ ɔɟŬɛɛɘəɧ Űɟɧˊɞ ŬˊɞůˊɩɜŰŬɠ Űɘɠ ˊɘɞ ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ 

ˊɟɞɤɗɩɜŰŬɠ ŰŮɠ ɛŮŰɎ Ŭˊɧ ůɡɛˊɡəɜɤɛɏɜŮɠ (Sabins, 1997). ȼ ɗŮɛŮɚɘɩŭɖɠ ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ 

ŮəɛŮŰŬɚɚŮɨŮŰŬɘ ŮɑɜŬɘ ɖ ȷˊɞůɨɜɗŮůɖ Ƚŭɘɧɛɞɟűɤɜ ɇɘɛɩɜ, ɖ ɞˊɞɑŬ ŭɘŮɜŮɟɔŮɑ ůŰɖɜ ŬˊɞŰɨˊɤůɖ 

Űɞɡ Ŭɟɢɘəɞɨ ˊɑɜŬəŬ ŭŮŭɞɛɏɜɤɜ ɤɠ ɔɘɜɧɛŮɜɞ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊɘɜɎəɤɜ ɞɘ ɞˊɞɑɞɘ ŭɨɜŬŰŬɘ ɜŬ 

ůɡɛɓɎɚɞɡɜ ůŰɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ůŰɘɠ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ Űɞɡɠ 

(Khalifa et al., 2021). 

Ƀɘ ɓŬůɘəɏɠ ůɡɜɘůŰɩůŮɠ ůɡɜŭɏɞɜŰŬɘ ɔɟŬɛɛɘəɎ ɛŮ Űɘɠ Ŭɟɢɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ŭɘŬəɟɑɜɞɜŰŬɘ ɛŮ 

ůəɞˊɧ Űɖɜ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ɞɚɘəɐɠ ŭɘŬůˊɞɟɎɠ (inertia). ȼ ˊɟɩŰɖ ůɡɜɘůŰɩůŬ əŬɗɞɟɑɕŮɘ Űɖɜ 

ɛɏɔɘůŰɖ inertia, ɖ ŭŮɨŰŮɟɖ ɞɟɑɕŮŰŬɘ ɞɟɗɞɔɩɜɘŬ Űɖɠ ˊɟɩŰɖɠ əŬɘ ŮɝɖɔŮɑ Űɖɜ Ŭɛɏůɤɠ ɛɘəɟɧŰŮɟɖ 

ŭɘŬůˊɞɟɎ əŬɘ ɞɨŰɤ əŬɗŮɝɐɠ. ũŮɜɘəɎ, ɖ ŬɜɎɚɡůɖ əɡɟɘɤɜ ůɡɜɘůŰɤůɩɜ əŬŰɖɔɞɟɘɞˊɞɘŮɑŰŬɘ ɛŮ 
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ɓɎůɖ ɧŰŬɜ Ŭɜ ŭɘŮɜŮɟɔŮɑŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ əɞɘɜɐɠ ɛɞɜɎŭŬɠ ɛɏŰɟɖůɖɠ ɐ ɧɢɘ ůŮ covariance PCA əŬɘ 

correlation PCA. 

ɆŰɖ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ ɛɘŬ ŰɏŰɞɘŬ ˊɞɚɡɛŮŰŬɓɚɖŰɐ ůŰŬŰɘůŰɘəɐ ŰŮɢɜɘəɐ űŬɑɜŮŰŬɘ 

ŮɝŬɘɟŮŰɘəɎ ɢɟɐůɘɛɖ əŬɗɩɠ ŭɨɜŬŰŬɘ ɜŬ ɛŮɘɩůŮɘ Űɖ ŭɘŬůŰŬŰɘəɧŰɖŰŬ əŬɘ Űɖɜ űŬůɛŬŰɘəɐ Ůɜɑůɢɡůɖ 

əŬŰɎ Űɖ ŰɖɚŮˊɘůəɧˊɖůɖ. ɀŮ ŬɡŰɧ Űɞ Űɟɧˊɞ ˊɟɞəɨˊŰɞɡɜ ɢŬɟŰɞɔɟŬűɘəɎ ˊɟɞɥɧɜŰŬ ˊɞɡ ŮůŰɘɎɕɞɡɜ 

ůŰŬ ɔŮɤɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬŰŬůŰɏɚɚɞɜŰŬɠ ˊɚŮɞɜɎɕɞɜŰŬ ŭŮŭɞɛɏɜŬ əŬɘ Űɘɠ ŮˊɘŭɟɎůŮɘɠ 

ŬɢɟŮɑŬůŰɤɜ ŬəŰɘɜɞɓɞɚɘɩɜ (Pour and Hashim, 2011). 

ɆŰɖ ŬɜɎɚɡůɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɖ PCA ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ 

ůɡůɢŮŰɘůɛɏɜɤɜ űŬůɛŬŰɘəɩɜ ɕɤɜɩɜ ůŮ ɔɟŬɛɛɘəɎ ɛɖ ůɡůɢŮŰɘůɛɏɜŮɠ ůɡɜɘůŰɩůŮɠ, 

əŬŰŬůəŮɡɎɕɞɜŰŬɠ ˊɑɜŬəŮɠ ůɡɜŭɘŬəɑɛŬɜůɖɠ əŬɘ ɞɟɑɕɞɜŰŬɠ ɜɏɞɡɠ ɞɟɗɞɔɩɜɘɞɡɠ ɎɝɞɜŮɠ ˊɞɡ 

ůəɘŬɔɟŬűɞɨɜ Űɖ ŭɘŬəɨɛŬɜůɖ ŮɜŰɧɠ Űɞɡ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ (Khalifa et al., 2021). 

 ɀŮɑɤůɖ ɗɞɟɨɓɞɡ ɛŮ Minimum Noise Fraction (MNF) 

ȼ Minimum noise fraction ůɡɜŰŮɚŮɑ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ ŰɖɚŮˊɘůəɧˊɖůɖɠ, əɡɟɑɤɠ 

ˊɞɚɡűŬůɛŬŰɘəŬ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɎ, ɛŮ ůəɞˊɧ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ŭɘɎůŰŬůɖɠ əŬɘ Űɞɡ 

ɗɞɟɨɓɞɡ. ɋɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŮůŰɘɎɕŮɘ ůŰɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ŭɡɞ 

ůɡɜɘůŰɩůŮɠ, Űɞ əɞɛɛɎŰɘ Űɞɡ Űɞɡ ůɐɛŬŰɞɠ ˊɞɡ ˊŮɟɘɏɢŮɘ ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ Űɞ əɞɛɛɎŰɘ 

Űɞɡ ɗɞɟɨɓɞɡ ˊɞɡ ŮɛˊŮɟɘɏɢŮɘ ˊɚŮɞɜɎɕɞɡůŮɠ ŬɢɟŮɑŬůŰŮɠ ˊɚɖɟɞűɞɟɑŮɠ. 

ȼ ůɡɜɞɚɘəɐ ŭɘŬŭɘəŬůɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɨɞ ŬɚɚŮˊɎɚɚɖɚɞɡɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨɠ əɨɟɘɤɜ 

ůɡɜɘůŰɤůɩɜ. ȷɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɚŮɨəŬɜůɖ Űɞɡ ɗɞɟɨɓɞɡ ɛŮ ɢɟɐůɖ Űɞɡ ˊɑɜŬəŬ 

ůɡɜŭɘŬəɨɛŬɜůɖɠ ɗɞɟɨɓɞɡ ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞůɡůɢɏŰɘůɖ əŬɘ Űɖɜ ŬɜŬŭɘŬɓɎɗɛɘůɖ Űɞɡ ɗɞɟɨɓɞɡ 

ůŰŬ ŭŮŭɞɛɏɜŬ, ˊɟɞəŬɚɩɜŰŬɠ ŭɘŬɢɤɟɘůɛɧ Űɞɡ ɗɞɟɨɓɞɡ Ŭˊɧ Űɘɠ űŬůɛŬŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ. 

ɀŮŰɏˊŮɘŰŬ ŭɘŮɜŮɟɔŮɑŰŬɘ ɏɜŬɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ PCA Űɤɜ ɚŮɡəɞˊɞɘɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ, 

əŬŰŬɜɏɛɞɜŰŬɠ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ɛŮ ɓɎůɖ Űɘɠ ɘŭɘɞŰɘɛɏɠ Űɞɡɠ. Ƀɘ ɕɩɜŮɠ Űɤɜ ɡɣɖɚɧŰŮɟɤɜ ɘŭɘɞŰɘɛɩɜ 

ɡˊɧəŮɘɜŰŬɘ ůŮ ŮɡɟɨŰŮɟɖ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɞɡ ɧŰɘ űɏɟɞɡɜ Űɖɜ ůɖɛŬɜŰɘəɧŰŮɟɖ ŭɘŬəɨɛŬɜůɖ 

ůŰɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɛŮ Ŭˊɞűɡɔɐ ˊɚŮɞɜŬůɛɞɨ. 

 ɄŬɟɞɡůɑŬůɖ Ŭɚɔɞɟɑɗɛɞɡ Random Forest 

 

Ƀ Random Forest ůɡɔəŬŰŬɚɏɔŮŰŬɘ ůŰɞɡɠ ˊɚɏɞɜ ŭɘŬŭŮŭɞɛɏɜɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɘɠ ɛŮɗɧŭɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ ůɡɜɧɚɤɜ (ensemble classifiers). 

ȸŬůɑɕŮŰŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ Ůɜɧɠ ˊɚɐɗɞɡɠ Ŭˊɧ ŭɏɜŰɟŬ ŬˊɞűɎůŮɤɜ Űɨˊɞɡ CART (Classification 
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and Regression Trees), ŰŬ ɞˊɞɑŬ ɚŮɘŰɞɡɟɔɞɨɜ ŬɜŮɝɎɟŰɖŰŬ, ɛŮ ůəɞˊɧ Űɖ ůɡɚɚɞɔɘəɐ ɚɐɣɖ 

ŬˊɧűŬůɖɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ ɐ ŰŬɝɘɜɧɛɖůɖ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ. 

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŭɏɜŰɟɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɖɠ ŰŮɢɜɘəɐɠ bootstrap aggregating 

(bagging), ɧˊɞɡ əɎɗŮ ŭɏɜŰɟɞ ŮəˊŬɘŭŮɨŮŰŬɘ ůŮ ɏɜŬ ŭɘŬűɞɟŮŰɘəɧ ɡˊɞůɨɜɞɚɞ Űɞɡ Ŭɟɢɘəɞɨ 

ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ. ȼ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŮˊŬɜɎɗŮůɖ (sampling with 

replacement), ɔŮɔɞɜɧɠ ˊɞɡ ůɖɛŬɑɜŮɘ ˊɤɠ əɎˊɞɘŬ ŭŮɑɔɛŬŰŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮˊɘɚŮɔɞɨɜ ˊŮɟɘůůɧŰŮɟŮɠ 

Ŭˊɧ ɛɑŬ űɞɟɏɠ, Ůɜɩ əɎˊɞɘŬ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮˊɘɚŮɔɞɨɜ əŬɗɧɚɞɡ. ȾŬŰɎ ɛɏůɞ ɧɟɞ, ˊŮɟɑˊɞɡ Űɞ 66% 

Űɤɜ ŭŮŭɞɛɏɜɤɜ (in-bag samples) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ əɎɗŮ ŭɏɜŰɟɞɡ, Ůɜɩ Űɞ 

ɡˊɧɚɞɘˊɞ 34% (out-of-bag samples) ŬɝɘɞˊɞɘŮɑŰŬɘ ɤɠ ůŮŰ Ůˊɘəɨɟɤůɖɠ, ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůűɎɚɛŬŰɞɠ out-of-bag (OOB error) ð Ůɜɧɠ ɘŭɘŬɑŰŮɟŬ ŬɝɘɧˊɘůŰɞɡ ŭŮɑəŰɖ Űɖɠ 

Ŭˊɧŭɞůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ. 

ȾɎɗŮ ŭɏɜŰɟɞ ŮɜŰɧɠ Űɞɡ ŭɎůɞɡɠ ɚŮɘŰɞɡɟɔŮɑ ŬɜŮɝɎɟŰɖŰŬ əŬɘ ŭŮɜ ɡˊɧəŮɘŰŬɘ ůŮ ŭɘŬŭɘəŬůɑŬ 

əɚŬŭɏɛŬŰɞɠ (pruning). ȼ əŬŰŬůəŮɡɐ Űɞɡ ɔɑɜŮŰŬɘ ɛŮ Ůˊɘɚɞɔɐ Ůɜɧɠ ŰɡɢŬɑɞɡ ɡˊɞůɡɜɧɚɞɡ 

ɛŮŰŬɓɚɖŰɩɜ ůŮ əɎɗŮ əɧɛɓɞ, Ŭˊɧ Űɞ ɞˊɞɑɞ ŮˊɘɚɏɔŮŰŬɘ ɖ ɓɏɚŰɘůŰɖ ɛŮŰŬɓɚɖŰɐ ɔɘŬ Űɞɜ 

ŭɘŬɢɤɟɘůɛɧ. ȷɡŰɧɠ ɞ ɛɖɢŬɜɘůɛɧɠ ˊɟɞɎɔŮɘ Űɖɜ ŮŰŮɟɞɔɏɜŮɘŬ ɛŮŰŬɝɨ Űɤɜ ŭɏɜŰɟɤɜ əŬɘ ůɡɛɓɎɚɚŮɘ 

ůŰɖ ɛŮɑɤůɖ Űɖɠ ɛŮɟɞɚɖɣɑŬɠ (bias), Ůɜɩ ɖ Ŭɨɝɖůɖ Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ŭɏɜŰɟɤɜ ɛŮɘɩɜŮɘ Űɖ 

ŭɘŬəɨɛŬɜůɖ Űɞɡ ɛɞɜŰɏɚɞɡ. 

ȼ ŰŮɚɘəɐ ŰŬɝɘɜɧɛɖůɖ ɔɘŬ ɏɜŬ ɜɏɞ ŭŮɑɔɛŬ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ˊɚŮɘɞɣɖűɘəɧ əŬɜɧɜŬ (majority 

voting): əɎɗŮ ŭɏɜŰɟɞ ˊɟɞɓɚɏˊŮɘ ɛɘŬ əɚɎůɖ, əŬɘ ɖ əɚɎůɖ ɛŮ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɣɐűɞɡɠ ŬˊɞŰŮɚŮɑ 

Űɖɜ ɏɝɞŭɞ Űɞɡ ɛɞɜŰɏɚɞɡ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊŬɚɘɜŭɟɧɛɖůɖɠ (regression), ɖ ŰŮɚɘəɐ ˊɟɧɓɚŮɣɖ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ɛɏůɞ ɧɟɞ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŭɏɜŰɟɤɜ. 

ȼ ́ŬɟŬɛŮŰɟɞˊɞɑɖůɖ Ůɜɧɠ Random Forest ɓŬůɑɕŮŰŬɘ əɡɟɑɤɠ ůŮ ŭɨɞ ůɡɜɘůŰɩůŮɠ: 

1. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ŭɏɜŰɟɤɜ (n_estimators): ȷɜ əŬɘ ɗŮɤɟɖŰɘəɎ ŭŮɜ ɡˊɎɟɢŮɘ Ɏɜɤ ɧɟɘɞ, ůŰɖɜ 

ˊɟɎɝɖ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ Ŭɨɝɖůɖ ˊɏɟŬɜ Űɤɜ 500 ŭɏɜŰɟɤɜ ɞŭɖɔŮɑ ůŮ ŬɛŮɚɖŰɏŬ 

ɓŮɚŰɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ, ŮɝŬɜŰɚɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ɡˊɞɚɞɔɘůŰɘəɞɨɠ ˊɧɟɞɡɠ. ȰŰůɘ, ɏɜŬɠ 

ůɡɜɐɗɖɠ əŬɘ ŬˊɞŭɞŰɘəɧɠ Ŭɟɘɗɛɧɠ ŮɑɜŬɘ ŰŬ 500 ŭɏɜŰɟŬ, Űɘɛɐ ˊɞɡ ɏɢŮɘ ɡɘɞɗŮŰɖɗŮɑ ɤɠ 

ˊɟɞŮˊɘɚɞɔɐ ůŮ ˊɞɚɚɏɠ ɓɘɓɚɘɞɗɐəŮɠ (ɧˊɤɠ ɖ randomForest ůŰɖɜ R). 

2. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ŬɜɎ əɧɛɓɞ (max_features): ɆɨɛűɤɜŬ ɛŮ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ, 

ŬɡŰɧɠ ɞ ˊŬɟɎɔɞɜŰŬɠ ŬůəŮɑ ɘůɢɡɟɧŰŮɟɖ Ůˊɘɟɟɞɐ ůŰɖɜ ŬəɟɑɓŮɘŬ Űɞɡ ɛɞɜŰɏɚɞɡ ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɞ ˊɚɐɗɞɠ Űɤɜ ŭɏɜŰɟɤɜ, əŬɗɘůŰɩɜŰŬɠ əɟɑůɘɛɖ Űɖ ůɤůŰɐ Ůˊɘɚɞɔɐ Űɞɡ. 

ȰɜŬ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ Random Forest ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ ůŰɖɜ ɡˊŮɟŮəˊŬɑŭŮɡůɖ 

(overfitting), Ŭəɧɛɖ əŬɘ ɛŮ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŭɏɜŰɟɤɜ, əŬɗɘůŰɩɜŰŬɠ Űɞɜ ɘŭŬɜɘəɧ ɔɘŬ ˊɟɞɓɚɐɛŬŰŬ 

ɛŮ ɡɣɖɚɐ ŭɘŬůŰŬŰɘəɧŰɖŰŬ əŬɘ ˊɞɚɨˊɚɞəɖ ŭɞɛɐ. 
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ȺɘəɧɜŬ 3-1: ȹɘɎɔɟŬɛɛŬ ɛɞɜŰɏɚɞɡ ɚŮɘŰɞɡɟɔɑŬɠ Ŭɚɔɞɟɑɗɛɞɡ Random Forest 

ɀŮ Űɖ ɢɟɐůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɞɘ Chen et al., 2025 əŬŰɎűŮɟŬɜ ɜŬ ŬˊɞŰɡˊɩůɞɡɜ ɛŮ ůɢŮŰɘəɎ ɡɣɖɚɐ 

ŬəɟɑɓŮɘŬ Űɞɡɠ ŮˊɘűŬɜŮɘŬəɞɨɠ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ůŮ ɛɘŬ ŮˊŬɟɢɘŬəɐ ˊŮɟɘɞɢɐ Űɖɠ ɇŬɥɓɎɜ 

ɛŮ ɏɜŰɞɜɖ űɡŰɞəɎɚɡɣɖ ɖ ɞˊɞɑŬ əŬɗɘůŰɎ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ Űɖ ˊɟɧůɓŬůɖ ɔɘŬ ŮűŬɟɛɞɔɐ Űɤɜ 

ˊŬɟŬŭɞůɘŬəɩɜ ŰŮɢɜɘəɩɜ. 

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊɟɞɏɟɢɞɜŰŬɜ Ŭˊɧ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ Sentinel-1, Sentinel-2 

əŬɘ DEM Ŭˊɧ SRTM. ȳůŬ ˊŬɟɏɢɞɜŰŬɜ Ŭˊɧ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ Sentinel ɡˊɞɓɚɐɗɖəŬɜ ůŮ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬ ɛŮ Űɖ ůɨɜɗŮůɖ ɛɏůɤ ŭɘɎɛŮůɞɡ (median composite), Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ 

ŭɏɢɗɖəŬɜ űɘɚŰɟɎɟɘůɛŬ Gauss ɔɘŬ ɛŮɑɤůɖ ɗɞɟɨɓɞɡ. 

ɆŰɞ ɛɞɜŰɏɚɞ Random Forest ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ŮɜŰɎɢɗɖəŬɜ 6 ŭɘŬűɞɟŮŰɘəɞɑ ůɡɜŭɡŬůɛɞɑ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɐŰŬɜ ɞɘ Ůɝɐɠ: 

¶ ɀɧɜɞ ŭŮŭɞɛɏɜŬ Sentinel-2 

¶ ɀɧɜɞ ŭŮŭɞɛɏɜŬ Sentinel-1  

¶ ɀɧɜɞ ŭŮŭɞɛɏɜŬ ŮˊɘűŬɜŮɑŬɠ DEM 

¶ ɆɡɜŭɡŬůɛɧ ŭŮŭɞɛɏɜɤɜ Sentinel-1+Sentinel-2 

¶ ɆɡɜŭɡŬůɛɧ ŭŮŭɞɛɏɜɤɜ Sentinel-2+DEM 

¶ ɆɡɜŭɡŬůɛɧ ŭŮŭɞɛɏɜɤɜ Sentinel-1+Sentinel-2+DEM 



ũȺɋȿɃũȽȾȼ ɉȷɅɇɃũɅȷūȼɆȼ ɀȺ ɉɅȼɆȼ ɇȼȿȺɄȽɆȾɃɄȽȾɋɁ ȹȺȹɃɀȺɁɋɁ ȾȷȽ 

ɀȺŪɃȹɋɁ ɀȼɉȷɁȽȾȼɆ ɀȷŪȼɆȼɆ 

 

38 

ȷűɞɨ ɞɚɞəɚɖɟɩɗɖəŬɜ ŰŬ ɛɞɜŰɏɚŬ ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬəɟɑɓŮɘŬɠ əŬɘ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ kappa əŬɘ ŮˊɘɚɏɢɗɖəŮ Űɞ ɓɏɚŰɘůŰɞ, Űɞ ɞˊɞɑɞ ɐŰŬɜ Űɞ S-2+DEM, ɓɎůŮɘ Űɞɜ ɐŭɖ 

ɡˊɎɟɢɞɜŰɤɜ ɔŮɤɚɞɔɘəɩɜ ɢŬɟŰɩɜ. 

 
ȺɘəɧɜŬ 3-2: ɇɞ ɢŬɟŰɞɔɟŬűɘəɧ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Ŭɚɔɞɟɑɗɛɞɡ Randrom 

Forest ůŰɞɜ ɓɏɚŰɘůŰɞ Űɨˊɞ ůɡɜŭɡŬůɛɞɨ ŭŮŭɞɛɏɜɤɜ ŬˊŮɘəɞɜɘůɛɏɜɞ ɛŮ ɡˊɧɓŬɗɟɞ Űɞɜ ŰɞˊɞɔɟŬűɘəɧ 

ɢɎɟŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ (Chen et al., 2025) 

 

 ɄŬɟɞɡůɑŬůɖ Ŭɚɔɞɟɑɗɛɞɡ Gradient Boosting Tree 

 

ɇɞ Gradient Tree Boosting ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɝŮɚɘɔɛɏɜɖ ŰŮɢɜɘəɐ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɎɗɖůɖɠ, ɔɜɤůŰɐ 

ɔɘŬ Űɖɜ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ˊɞɡ ˊɟɞůűɏɟŮɘ (Ouma et al., 2022). ȷɜŰɑ ɜŬ ɓŬůɑɕŮŰŬɘ ůŮ ɏɜŬ ŮɜɘŬɑɞ, 

ˊŮɟɑˊɚɞəɞ ɛɞɜŰɏɚɞ, ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ůɡɜŭɡɎɕŮɘ ˊɞɚɚɎ ŬˊɚɎ ɛɞɜŰɏɚŬ ï ůɡɔəŮəɟɘɛɏɜŬ, ŭɏɜŰɟŬ 

ŬˊɞűɎůŮɤɜ ï ŰŬ ɞˊɞɑŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŭɘŬŭɞɢɘəɎ. ȾɎɗŮ ɜɏɞ ŭɏɜŰɟɞ ɏɢŮɘ ůŰɧɢɞ ɜŬ ŭɘɞɟɗɩůŮɘ 

ŰŬ ůűɎɚɛŬŰŬ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ, ŮɜɘůɢɨɞɜŰŬɠ ůŰŬŭɘŬəɎ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ůɡɜɞɚɘəɞɨ ɛɞɜŰɏɚɞɡ 

(Sultan et al., 2025). 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ ɛɘŬɠ ůɡɜɎɟŰɖůɖɠ ŬˊɩɚŮɘŬɠ (loss function) 

ɛɏůɤ ŰŮɢɜɘəɩɜ ɓŬɗɛɘŭɤŰɐɠ əŬɗɧŭɞɡ (gradient descent), Ŭˊ' ɧˊɞɡ ˊɟɞɏɟɢŮŰŬɘ əŬɘ Űɞ ɧɜɞɛŬ Űɖɠ 

ɛŮɗɧŭɞɡ (Savitha and Talari, 2025). ɇŬ ŭɏɜŰɟŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɞɡ 

ɛŮɔɏɗɞɡɠ əŬɘ ŮəˊŬɘŭŮɨɞɜŰŬɘ ůŮ ŰɡɢŬɑŬ ɡˊɞůɨɜɞɚŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ, əɎŰɘ ˊɞɡ ɓɞɖɗɎ ůŰɖ ɛŮɑɤůɖ 

Űɖɠ ɡˊŮɟˊɟɞůŬɟɛɞɔɐɠ əŬɘ ɓŮɚŰɘɩɜŮɘ Űɖ ɔŮɜɑəŮɡůɖ ůŮ ɎɔɜɤůŰŬ ŭŮŭɞɛɏɜŬ. 
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ɀɘŬ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ ŮɑɜŬɘ Űɞ shrinkage (ɐ learning rate), Űɞ ɞˊɞɑɞ əŬɗɞɟɑɕŮɘ Űɞɜ ɓŬɗɛɧ 

Ůˊɘɟɟɞɐɠ əɎɗŮ ɜɏɞɡ ŭɏɜŰɟɞɡ ůŰɖɜ ŰŮɚɘəɐ ˊɟɧɓɚŮɣɖ, ˊɟɞůűɏɟɞɜŰŬɠ Ůˊɘˊɚɏɞɜ ɏɚŮɔɢɞ ůŰɖɜ 

ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŬəɟɑɓŮɘŬɠ əŬɘ ɔŮɜɑəŮɡůɖɠ. Ƀ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ɞɟɑůŮɘ Űɞɜ Ŭɟɘɗɛɧ 

Űɤɜ ŭɏɜŰɟɤɜ, Űɞ ɛɏɔɘůŰɞ ɓɎɗɞɠ Űɞɡɠ, əŬɗɩɠ əŬɘ Űɞɜ Űɨˊɞ Űɖɠ ůɡɜɎɟŰɖůɖɠ ŬˊɩɚŮɘŬɠ (ɧˊɤɠ 

Least Squares, Least Absolute Deviation ɐ Huber), ˊɟɞůŬɟɛɧɕɞɜŰŬɠ Űɞ ɛɞɜŰɏɚɞ ůŰɘɠ 

ŬˊŬɘŰɐůŮɘɠ Űɞɡ ŮəɎůŰɞŰŮ ˊɟɞɓɚɐɛŬŰɞɠ (Savitha and Talari, 2025). 

ɆŰɖɜ ˊɟɎɝɖ, Űɞ Gradient Tree Boosting ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŮ ŰɞɛŮɑɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɡɣɖɚɐ 

ŬəɟɑɓŮɘŬ, ɧˊɤɠ ɖ ŰɖɚŮˊɘůəɧˊɖůɖ, ɖ ŬɜɎɚɡůɖ Ůɘəɧɜɤɜ, ɖ ˊɟɧɓɚŮɣɖ ɕɐŰɖůɖɠ əŬɘ ɖ 

ɢɟɖɛŬŰɞɞɘəɞɜɞɛɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ. ɄŬɟɧŰɘ ŬˊŬɘŰŮɑ ˊŮɟɘůůɧŰŮɟɞɡɠ ɡˊɞɚɞɔɘůŰɘəɞɨɠ ˊɧɟɞɡɠ 

əŬɘ ˊɟɞůŮəŰɘəɧ ůɡɜŰɞɜɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ, ůɡɢɜɎ ɡˊŮɟɏɢŮɘ ůŮ Ŭˊɧŭɞůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ 

ˊɘɞ Ŭˊɚɏɠ ɛŮɗɧŭɞɡɠ, ɧˊɤɠ ŰŬ ŰɡɢŬɑŬ ŭɎůɖ.  

 ɄŬɟɞɡůɑŬůɖ Ŭɚɔɞɟɑɗɛɞɡ Classification And Regression Tree 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ CART (Classification and Regression Trees) ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ɓŬůɘəɧŰŮɟŮɠ 

əŬɘ ˊɚɏɞɜ ŬɝɘɧˊɘůŰŮɠ ɛŮɗɧŭɞɡɠ ɓŬůɘůɛɏɜŮɠ ůŮ ŭɏɜŰɟŬ ŬˊɞűɎůŮɤɜ, ɛŮ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ ůŮ 

ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ əŬɘ ˊŬɚɘɜŭɟɧɛɖůɖɠ (Lewis, 2000; Zhao et al, 2024). ȼ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖ ŭɘŬŭɞɢɘəɐ ŭɘŬɑɟŮůɖ Űɞɡ ɢɩɟɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (feature space) ůŮ 

ɛɘəɟɧŰŮɟŮɠ ɡˊɞˊŮɟɘɞɢɏɠ, ɛŮ ɓɎůɖ ɓɏɚŰɘůŰŬ əŬŰɩűɚɘŬ ˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ ɏŰůɘ ɩůŰŮ ɜŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ɛŮɑɤůɖ Űɖɠ ŬəŬɗŬɟůɑŬɠ (impurity) ɐ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ ůŰɖ 

ɛŮŰŬɓɚɖŰɐ ůŰɧɢɞ (Sultan et al, 2025). 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮűŬɟɛɞɔɐɠ, Űɞ ɛɞɜŰɏɚɞ CART ŮəˊŬɘŭŮɨŰɖəŮ ɛŮ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ 

ˊŬɟŬɛɏŰɟɞɡɠ, ɢɤɟɑɠ ɜŬ əŬɗɞɟɘůŰŮɑ ůɡɔəŮəɟɘɛɏɜɞɠ Ŭɟɘɗɛɧɠ ŭɏɜŰɟɤɜ ɐ ŮɚɎɢɘůŰɞɠ Ŭɟɘɗɛɧɠ 

ŭŮɘɔɛɎŰɤɜ ŬɜɎ űɨɚɚɞ. ɆŰɧɢɞɠ ɐŰŬɜ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ Ŭˊɧŭɞůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůŮ ůɨɔəɟɘůɖ ɛŮ 

ˊɘɞ ůɨɜɗŮŰŮɠ ˊɟɞůŮɔɔɑůŮɘɠ, ɧˊɤɠ Űɞ Random Forest əŬɘ Űɞ Gradient Tree Boosting. 

ɇɞ ɓŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ CART ɏɔəŮɘŰŬɘ ůŰɖɜ ŰŬɢɨŰɖŰŬ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ůŰɖɜ ŮɡəɞɚɑŬ 

ŮɟɛɖɜŮɑŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ Űɞ əŬɗɘůŰɎ əŬŰɎɚɚɖɚɞ ɔɘŬ ŬɜŬɚɨůŮɘɠ ɧˊɞɡ ɖ ŭɘŬűɎɜŮɘŬ 

ŮɑɜŬɘ əɟɑůɘɛɖ (). ɋůŰɧůɞ, ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮˊɘɟɟŮˊɏɠ ůŮ ɡˊŮɟˊɟɞůŬɟɛɞɔɐ, ŮɘŭɘəɎ ɧŰŬɜ ŰŬ 

ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ɗɞɟɡɓɩŭɖ ɐ ˊŮɟɘɞɟɘůɛɏɜŬ ůŮ ˊɚɐɗɞɠ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ ɏŰůɘ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ 

ɔŮɜɘəŮɨŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŮ ɎɔɜɤůŰŬ ŭŮɑɔɛŬŰŬ. 
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 ɄŬɟɞɡůɑŬůɖ ɔŮɤɢɤɟɘəɩɜ ŮɟɔŬɚŮɑɤɜ Google Earth Engine, Kaggle əŬɘ 
ArcGIS 

3.9.1 Google Earth Engine 

To Google Earth Engine (GEE) ŮɑɜŬɘ ɏɜŬ Ůˊɘəɞɡɟɘəɧ ŮɟɔŬɚŮɑɞ ŭɘŬɢŮɑɟɘůɖɠ ɔŮɤɢɤɟɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ůŮ ˊɚŬŰűɧɟɛŬ cloud. ɄɟɧəŮɘŰŬɘ ɔɘŬ ŮɟɔŬɚŮɑɞ ˊɟɞɠ Ŭɝɘɞˊɞɑɖůɖ Ŭˊɧ ŬəŬŭɖɛŬɥəɞɨɠ, 

ɛɖ əŮɟŭɞůəɞˊɘəɞɨɠ űɞɟŮɑɠ, ŮˊɘɢŮɘɟɐůŮɘɠ əŬɘ əɡɓŮɟɜɖŰɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ. 

ȷˊɞɗɐəɖ ŭŮŭɞɛɏɜɤɜ əŬɘ ȹɡɜŬŰɧŰɖŰŮɠ ŬɜɎɚɡůɖɠ GEE 

ɇɞ GEE əŬŰɏɢŮɘ ɏɜŬɜ Ůɡɟɨ əŬŰɎɚɞɔɞ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ əŬɘ ŭŮŭɞɛɏɜɤɜ ˊɞɚɚɩɜ petabyte. 

ɄŬɟɏɢŮɘ ŭɡɜŬŰɧŰɖŰŮɠ ŬɜɎɚɡůɖɠ ůŮ ˊɚŬɜɖŰɘəɐ əɚɑɛŬəŬ, ŭɘŬɗɏůɘɛŮɠ ůŮ ŮˊɘůŰɐɛɞɜŮɠ, ŮɟŮɡɜɖŰɏɠ 

əŬɘ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ ɔɘŬ Űɖɜ ɢŬɟŰɞɔɟɎűɖůɖ, Űɞɜ ŮɜŰɞˊɘůɛɧ ŬɚɚŬɔɩɜ ŬɚɚɎ əŬɘ Űɖɜ 

ˊɞůɞŰɘəɞˊɞɑɖůɖ ŭɘŬűɞɟɩɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ. 

ɄɟɞůɓŬůɘɛɧŰɖŰŬ 

ɄŬɟɧɚɞ ˊɞɡ ɖ ɢɟɐůɖ Űɞɡ ŮɑɜŬɘ ŭɤɟŮɎɜ ŬˊŬɘŰŮɑŰŬɘ ŮɔɔɟŬűɐ ɔɘŬ ˊɚɐɟɖ ˊɟɧůɓŬůɖ. ɄŬɟɎɚɚɖɚŬ 

ˊɟɞůűɏɟŮŰŬɘ ŭɖɛɧůɘŬ ɡˊɞŭɞɛɐ ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ ŬɜɎɚɡůɖ ɔŮɤɢɤɟɘəɤɜ ŭŮŭɞɛɏɜɤɜ, ɛŮ 

Űɖ ɢɟɐůɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ cloud ɤɠ ˊɟɞɠ Űɖɜ Ůˊɑɚɡůɖ ůɨɜɗŮŰɤɜ ŬɜŬɚɡŰɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ŮɑŰŮ 

ůŮ Űɞˊɘəɧ ŮɑŰŮ ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ. 

ɄŬɟŬŭɞůɘŬəɏɠ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ əŬɘ əŬɘɜɞŰɞɛɑŮɠ GEE 

ȾŬŰɎ Űɖɜ ˊŬɟŬŭɞůɘŬəɐ ŬɜɎɚɡůɖ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɐŰŬɜ ŬɜŬɔəŬɑŬ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ 

ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬˊŬɘŰɞɨůŮ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɖɠ ˊɖɔɐɠ Űɤɜ Ůɘəɧɜɤɜ, Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ 

ɔɘŬ ŬɜɎɚɡůɖ, Űɖɜ ŮɨɟŮůɖ ůəɖɜɩɜ ɛŮ ŰŬ əŬŰɎɚɚɖɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɖ ɚɐɣɖ ɐ Űɞ ŬɑŰɖɛŬ Űɤɜ 

Ůɘəɧɜɤɜ əŬɘ Űɖɜ ŰŮɚɘəɐ ɛŮŰŬɔɚɩŰŰɘůɖ Űɤɜ ɕɤɜɩɜ ůŮ ɛɘŬ ŮɜɘŬɑŬ ŮɘəɧɜŬ. ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞɓŮɑ ɢɟɞɜɞɓɧɟŬ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ɧɔəɞ əŬɘ Űɖ űɨůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ. 

ȷɜŰɑɗŮŰŬ Űɞ google earth engine əɎɜŮɘ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ůɖɛŬɜŰɘəɎ ˊɘɞ Ŭˊɚɏɠ Ŭűɞɨ ŬűŬɘɟŮɑ Űɖɜ 

ŬɜɎɔəɖ ɔɘŬ əŬŰŬɚɞɔɞɔɟɎűɖůɖ, ɞɟɔɎɜɤůɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ Ůɘəɧɜɤɜ. ȹɑɜŮɘ ɏɛűŬůɖ ůŰɖɜ 

ŬɜɎɚɡůɖ əɎɜɞɜŰŬɠ ŭɡɜŬŰɐ Űɖɜ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

əŬɘ Űɖ ɛŮɑɤůɖ Űɞɡ ɢɟɧɜɞɡ Ŭˊɧəɟɘůɖɠ Űɤɜ ɢɟɖůŰɩɜ. 

3.9.2 Kaggle 

ɇɞ Kaggle ŮɑɜŬɘ ɛɘŬ ŭɖɛɧůɘŬ ˊɚŬŰűɧɟɛŬ ůŰɞ ŭɘŬŭɑəŰɡɞ ɖ ɞˊɞɑŬ ˊɟɞůűɏɟŮɘ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ 

əɞɘɜɧŰɖŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬɜɎɚɡůɖ ŭŮŭɞɛɏɜɤɜ, Űɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ əŬɘ Űɞɜ ůɡɜŮɟɔŬŰɘəɧ 
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ˊɟɞɔɟŬɛɛŬŰɘůɛɧ. ȰɢŮɘ ŬˊɞəŰɐůŮɘ ŭɘŮɗɜɐ ŬɜŬɔɜɩɟɘůɖ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ŮˊɘůŰɐɛɖɠ ŭŮŭɞɛɏɜɤɜ 

əŬɘ Űɖɜ ŮɡɟɨŰŮɟɖ ŮɟŮɡɜɖŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. 

ȼ ˊɚŬŰűɧɟɛŬ ŭɘŬɗɏŰŮɘ Űɘɠ Ůɝɐɠ ɗŮɛŮɚɘɩŭŮɘɠ ɚŮɘŰɞɡɟɔɑŮɠ: 

¶ ȹɘŬɔɤɜɘůɛɞɑ: ȹɘɎűɞɟɞɘ űɞɟŮɑɠ ŭɨɜŬɜŰŬɘ ɜŬ ŭɖɛɞůɘŮɨůɞɡɜ ˊɟɞɓɚɐɛŬŰŬ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ ɛŮ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŭŮŭɞɛɏɜŬ Űɞɡɠ ɛŮ ůəɞˊɧ ŰŬ ɛɏɚɖ Űɖɠ əɞɘɜɧŰɖŰŬɠ ɜŬ 

ŬɜŬˊŰɨɝɞɡɜ Űɞ ɓɏɚŰɘůŰɞ ɛɞɜŰɏɚɞ. Ɇɡɜɐɗɤɠ ɡˊɎɟɢŮɘ ɢɟɖɛŬŰɘəɧ ɏˊŬɗɚɞ ɐ 

ŮˊŬɔɔŮɚɛŬŰɘəɐ ˊɟɧŰŬůɖ. 

¶ Datasets: ɇɞ kaggle ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ŮɡɟŮɑŬ ůɡɚɚɞɔɐ Ŭˊɧ ŬɜɞɘɢŰɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ 

ŰŬ ɧˊɞɘŬ ŭɘŬŰɑɗŮɜŰŬɘ ɔɘŬ ŮɝŮɟŮɨɜɖůɖ, ɏɟŮɡɜŬ əŬɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɗɩɠ Ůˊɑůɖɠ 

ˊɟɞůűɏɟŮŰŬɘ ɖ ŮɡəŬɘɟɑŬ ůŰɞɡɠ ɢɟɐůŰŮɠ ɜŬ ŬɜŮɓɎůɞɡɜ əŬɘ ŰŬ ŭɘəɎ Űɞɡɠ. 

¶ Notebooks: ɀŮ Űɖ ɢɟɐůɖ Jupyter notebooks ůŰŬ ɞˊɞɑŬ ɛˊɞɟŮɑ ɞ əɎɗŮ ɢɟɐůŰɖɠ ɜŬ 

ɔɟɎɣŮɘ əɩŭɘəŬ Python ɐ R ůŰɞ cloud  ɢɤɟɑɠ Űɖɜ ŬɜŬɔəŬɘɧŰɖŰŬ Űɞˊɘəɐɠ ŮɔəŬŰɎůŰŬůɖɠ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŭɘŬŭɟŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɇŬ notebooks ůɢɞɚɘɎɕɞɜŰŬɘ 

,ŬɜŬˊŬɟɎɔɞɜŰŬɘ əŬɘ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭɜ ɢɟŮɘŬůŰŮɑ. 

¶ Kernels əŬɘ code sharing: ɇɞ kaggle ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɛɘŬ ŬɡŰɞɨůɘŬ ŮˊɘůŰɖɛɞɜɘəɐ 

əɞɘɜɧŰɖŰŬ ůŰɖɜ ɞˊɞɑŬ ˊɟɞɎɔŮŰŬɘ ɖ ŬɜŰŬɚɚŬɔɐ ŮˊɘůŰɖɛɞɜɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ, ɞ 

ůɢɞɚɘŬůɛɧɠ Űɖɠ ŮəɎůŰɞŰŮ ŮɟɔŬůɑŬɠ əŬɘ ɏɟŮɡɜŬɠ Űɞɡ əɎɗŮ ɢɟɐůŰɖ əŬɗɩɠ əŬɘ ɖ 

ůɡɜŮɟɔŬŰɘəɧŰɖŰŬ ůŰɖɜ ɏɟŮɡɜŬ. 

ɆɡɜŭɡɎɕɞɜŰŬɠ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ɛɘŬ ŰɏŰɞɘŬɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ ˊɚŬŰűɧɟɛŬ 

ŮɑɜŬɘ űŬɜŮɟɧ ɧŰɘ ɖ ůɡɛɓɞɚɐ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əŬɘ ŮˊŬɔɔŮɚɛŬŰɘəɐ əɞɘɜɧŰɖŰŬ ŮɑɜŬɘ ˊɞɚɡůɢɘŭɐɠ. 

ȷɟɢɘəɎ ɛɖɢŬɜɘəɞɑ əŬɘ ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ əŬŰŬˊɘŬůŰɞɨɜ ɛŮ ŮɝŬɘɟŮŰɘəɎ ůɨɔɢɟɞɜŮɠ 

ŰŮɢɜɘəɏɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɐɢɞɡ, ŮɘəɧɜŬɠ, űɡůɘəɐ ɔɚɩůůŬ ɐ structured data 

ŭɞəɘɛɎɕɞɜŰŬɠ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɤɜ deep learning, transfer learning, feature learning ůŮ 

ˊɟŬɔɛŬŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ. ɇŬɡŰɧɢɟɞɜŬ, ŭŮŭɞɛɏɜɖɠ Űɖɠ ůɡɚɚɞɔɘəɐɠ űɘɚɞůɞűɑŬɠ Űɖɠ ˊɚŬŰűɧɟɛŬɠ 

ˊɟɞɤɗŮɑŰŬɘ ůŰɞɡɠ ɢɟɐůŰŮɠ ɖ ůɡɜɐɗŮɘŬ Űɞɡ ɜŬ ɛɞɘɟɎɕɞɜŰŬɘ Űɞɡɠ əɩŭɘəŮɠ Űɞɡɠ əŬɘ ɜŬ 

ŭɖɛɘɞɡɟɔɞɨɜ ˊɟɞŰɎůŮɘɠ əŬɘ ůɡɛɓɞɡɚŮɡŰɘəɞɨɠ ŭɘŬɚɧɔɞɡɠ ɛŮŰŬɝɨ Űɞɡɠ ˊɟɞɠ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ 

əɞɘɜɧŰɖŰŬɠ ůɡɜɞɚɘəɎ. ȷɡŰɧ ŬɝɘɞɚɞɔŮɑŰŬɘ əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ Ŭˊɧ ŰŮɢɜɞɚɞɔɘəɏɠ ŮŰŬɘɟŮɑŮɠ, ɞɘ 

ɞˊɞɑŮɠ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ Űɞ kaggle ɤɠ  ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ ŮˊŬɔɔŮɚɛŬŰɘəɞɨ ˊɟɞűɑɚ, ɧˊɞɡ 

ɞɘ ɢɟɐůŰŮɠ Űɞɡ ɛˊɞɟɞɨɜ ɛɏůɤ ŰɑŰɚɤɜ ˊɞɡ əŬŰɏɢɞɡɜ ɜŬ ŬˊɞŭŮɑɝɞɡɜ Űɖɜ ŰŮɢɜɘəɐ Űɞɡɠ əŬŰɎɟŰɘůɖ. 

3.9.3 Geographic Information Systems (GIS) 

ɇŬ ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ ŮɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ˊɚŬŰűɧɟɛŮɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɚŮˊŰɞɛŮɟɐ ŮˊŮɝŮɟɔŬůɑŬ ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ ɏɜŬ 
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ŰɏŰɞɘɞ ůɨůŰɖɛŬ ŭɨɜŬŰŬɘ ɜŬ ůɡɜŭɡɎůŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɛŮ ɔŮɤɔɟŬűɘəɏɠ ŰɞˊɞɗŮůɑŮɠ ůŮ ɏɜŬɜ ɢɎɟŰɖ. 

ȾŬŰɎ Űɖ ɢɟɐůɖ əŬɘ ŬɜɎɚɡůɖ Űɤɜ ɢŬɟŰɩɜ, ɞɘ ɢɟɐůŰŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɏɢɞɡɜ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ 

əŬŰŬɜɞɐůɞɡɜ ůɢɏůŮɘɠ, ŬɚɚɖɚɞɡɢɑŮɠ, ŰɎůŮɘɠ əŬɘ ɛɞŰɑɓŬ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɜ ɢɩɟɞ. 

ȼ ˊɘɞ ɔɜɤůŰɐ əŬɘ əŬɗɖɛŮɟɘɜɐ ɢɟɐůɖ Ůɜɧɠ Ŭˊɚɞɨ GIS ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɛɏůŬ Ŭˊɧ ŮűŬɟɛɞɔɏɠ 

ɧˊɤɠ Űɞ Google Maps ɐ ɖ ˊɚɞɐɔɖůɖ ɛɏůɤ GPS. ɋůŰɧůɞ, ɖ ŰŮɢɜɞɚɞɔɑŬ GIS ɓɟɑůəŮɘ ˊɞɚɨ ˊɘɞ 

ŮɝŮɘŭɘəŮɡɛɏɜɖ əŬɘ ŮˊŬɔɔŮɚɛŬŰɘəɐ ŮűŬɟɛɞɔɐ ůŮ ŰɞɛŮɑɠ ɧˊɤɠ ɖ ˊɞɚŮɞŭɞɛɑŬ, ɖ ɔŮɤɟɔɑŬ 

ŬəɟɘɓŮɑŬɠ, ɖ ŭɘŬɢŮɑɟɘůɖ űɡůɘəɩɜ əŬŰŬůŰɟɞűɩɜ, ɞɘ ŰɖɚŮˊɘəɞɘɜɤɜɑŮɠ, ɞɘ ɛŮŰŬűɞɟɏɠ, ŬɚɚɎ əŬɘ ɖ 

ɢŬɟŰɞɔɟɎűɖůɖ ˊɚɖɗɡůɛɘŬəɩɜ ŭŮŭɞɛɏɜɤɜ. 

Ʉɩɠ ɚŮɘŰɞɡɟɔŮɑ ɏɜŬ GIS 

ȰɜŬ GIS ŬˊɞŰŮɚŮɑ ɏɜŬ ůɨɜɞɚɞ ŮɟɔŬɚŮɑɤɜ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖ ůɡɚɚɞɔɐ, ŬˊɞɗɐəŮɡůɖ, ŬɜɎɚɡůɖ, 

ɞˊŰɘəɞˊɞɑɖůɖ əŬɘ ŮɟɛɖɜŮɑŬ ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ȼ ɗŮɛŮɚɘɩŭɖɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰɎ Űɞɡ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŭɨɞ əɨɟɘɤɜ Űɨˊɤɜ ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ: Űɤɜ raster 

(ˊɚŮɔɛŬŰɘəɩɜ) əŬɘ Űɤɜ vector (ŭɘŬɜɡůɛŬŰɘəɩɜ).  

ɇŬ ŭŮŭɞɛɏɜŬ Űɨˊɞɡ raster ŮɑɜŬɘ ůɡɜɐɗɤɠ ŮɘəɧɜŮɠ ɐ ˊɚɏɔɛŬŰŬ ŬˊɞŰŮɚɞɨɛŮɜŬ Ŭˊɧ əŮɚɘɎ (pixels), 

ɧˊɞɡ əɎɗŮ əŮɚɑ űɏɟŮɘ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɡɣɧɛŮŰɟɞ, 

ɗŮɟɛɞəɟŬůɑŬ, Űɨˊɞ ŮŭɎűɞɡɠ, ŬɜŬəɚŬůŰɘəɧŰɖŰŬ, ə.Ɏ. ɇŬ raster ŭŮŭɞɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

Ůɡɟɏɤɠ ůŮ ŮűŬɟɛɞɔɏɠ ɧˊɤɠ ɖ ŬɜɎɚɡůɖ ŰɞˊɞɔɟŬűɑŬɠ, ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɚɚɘŮɟɔŮɘɩɜ ɛɏůɤ 

ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ, əŬɘ ɖ ŬɜɑɢɜŮɡůɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ŬɚɚŬɔɩɜ ɛɏůɤ ɢɟɞɜɞůŮɘɟɩɜ. 

ɇŬ ŭɘŬɜɡůɛŬŰɘəɎ (vector) ŭŮŭɞɛɏɜŬ ɞɟɔŬɜɩɜɞɜŰŬɘ ůŮ ŰɟŮɘɠ ɓŬůɘəɏɠ ɔŮɤɛŮŰɟɘəɏɠ ɛɞɟűɏɠ: 

ůɖɛŮɑŬ, ɔɟŬɛɛɏɠ əŬɘ ˊɞɚɨɔɤɜŬ. ɇŬ ůɖɛŮɑŬ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟɘůŰɞɨɜ ɛŮɛɞɜɤɛɏɜŬ ŬɜŰɘəŮɑɛŮɜŬ 

ɧˊɤɠ ɔŮɤŰɟɐůŮɘɠ ɐ ɛŮŰŮɤɟɞɚɞɔɘəɞɑ ůŰŬɗɛɞɑ, ɞɘ ɔɟŬɛɛɏɠ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞŭɩůɞɡɜ ɔɟŬɛɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ ŭɟɧɛɞɡɠ, ˊɞŰŬɛɞɨɠ ɐ əŬɚɩŭɘŬ, Ůɜɩ ŰŬ ˊɞɚɨɔɤɜŬ ˊŮɟɘɔɟɎűɞɡɜ ŮəŰɎůŮɘɠ 

ɧˊɤɠ əŰɑɟɘŬ, ɚɑɛɜŮɠ ɐ ˊŮɟɘɞɢɏɠ ɢɟɐůŮɤɜ ɔɖɠ. 

ȼ ɚŮɘŰɞɡɟɔɘəɐ ŭɘŬŭɘəŬůɑŬ Ůɜɧɠ GIS ˊŮɟɘɚŬɛɓɎɜŮɘ: 

1. Ɇɡɚɚɞɔɐ ȹŮŭɞɛɏɜɤɜ: ȼ ŮɘůŬɔɤɔɐ ɔŮɤɢɤɟɘəɩɜ əŬɘ ˊŮɟɘɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ 

ɛɏůɤ ˊɞɘəɑɚɤɜ ɛŮɗɧŭɤɜ ɧˊɤɠ ŮˊɑɔŮɘŮɠ ɛŮŰɟɐůŮɘɠ, UAV (ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ ŬŮɟɞůəɎűɖ), 

ŬɘůɗɖŰɐɟŮɠ IoT, ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ, əŬɘ ˊŬɟŬŭɞůɘŬəɏɠ ŰŮɢɜɘəɏɠ ɢŬɟŰɞɔɟɎűɖůɖɠ. ȼ 

ůɡɚɚɞɔɐ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɧůɞ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ɧůɞ əŬɘ ɢŮɘɟɞəɑɜɖŰɖ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ŮűŬɟɛɞɔɐ. 

2. ȹɘŬɢŮɑɟɘůɖ əŬɘ ȷˊɞɗɐəŮɡůɖ: ɇŬ ŭŮŭɞɛɏɜŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ ɔŮɤɓɎůŮɘɠ 

(geodatabases), ɧˊɞɡ ɞɟɔŬɜɩɜɞɜŰŬɘ ɛŮ ɓɎůɖ ɘŭɘɧŰɖŰŮɠ, əŬŰɖɔɞɟɑŮɠ əŬɘ ůɡɜŭɏůŮɘɠ 
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ɛŮŰŬɝɨ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ɛŮŰŬŭŮŭɞɛɏɜɤɜ (ˊ.ɢ., ɘŭɘɞəŰɖůɘŬəɧ əŬɗŮůŰɩɠ, Ůɑŭɞɠ əɎɚɡɣɖɠ 

ŮŭɎűɞɡɠ, ˊɚɖɗɡůɛɘŬəɏɠ ˊɚɖɟɞűɞɟɑŮɠ). 

3. ȺˊŮɝŮɟɔŬůɑŬ əŬɘ ȷɜɎɚɡůɖ: ɇɞ GIS ˊŬɟɏɢŮɘ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɧůɞ ɢɤɟɘəɩɜ 

ɧůɞ əŬɘ ɛɖ-ɢɤɟɘəɩɜ ůɢɏůŮɤɜ. ɄŮɟɘɚŬɛɓɎɜŮɘ ɢɤɟɘəɎ ŮɟɤŰɐɛŬŰŬ, ŮˊɘəŬɚɨɣŮɘɠ, buffer 

zones, interpolations, ɛɞɜŰɏɚŬ əŬŰŬɚɚɖɚɧŰɖŰŬɠ, ŬɜɎɚɡůɖ ŬˊɧůŰŬůɖɠ, 3D 

ŬɜŬˊŬɟŬůŰɎůŮɘɠ əŬɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ űŬɘɜɞɛɏɜɤɜ. ȼ ůɨɜɗŮůɖ ŭɘŬűɞɟŮŰɘəɩɜ Ůˊɘˊɏŭɤɜ 

ˊɚɖɟɞűɞɟɑŬɠ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɨɜɗŮŰɤɜ ůŮɜŬɟɑɤɜ əŬɘ ɢɤɟɘəɐɠ ˊɟɞůɞɛɞɑɤůɖɠ. 

4. ɃˊŰɘəɞˊɞɑɖůɖ əŬɘ ȷˊɧŭɞůɖ: ɀɏůɤ ɢŬɟŰɞůɨɜɗŮůɖɠ (cartographic rendering), Űɞ GIS 

ɛŮŰŬŰɟɏˊŮɘ ŰŬ ŬɜŬɚɡɛɏɜŬ ŭŮŭɞɛɏɜŬ ůŮ ɗŮɛŬŰɘəɞɨɠ ɢɎɟŰŮɠ, 3D ɛɞɜŰɏɚŬ ɐ ŭɘŬŭɟŬůŰɘəɏɠ 

ŮűŬɟɛɞɔɏɠ web mapping. Ƀɘ ŰŮɚɘəɏɠ ɞˊŰɘəɞˊɞɘɐůŮɘɠ ŮɑɜŬɘ ɢɟɐůɘɛŮɠ Űɧůɞ ůŮ ŰŮɢɜɘəɞɨɠ 

űɞɟŮɑɠ ɧůɞ əŬɘ ůŰɞ Ůɡɟɨ əɞɘɜɧ ɔɘŬ Űɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ. 

5. ɆɡůɢɏŰɘůɖ ɄɚɖɟɞűɞɟɑŬɠ ɛŮ ɉɩɟɞ: ɇɞ ˊɚɏɞɜ əɟɑůɘɛɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Ůɜɧɠ GIS ŮɑɜŬɘ 

ɖ ŭɡɜŬŰɧŰɖŰŬ ůɨɜŭŮůɖɠ əɎɗŮ Ůɑŭɞɡɠ ˊɚɖɟɞűɞɟɑŬɠ (ŭɖɛɞɔɟŬűɘəɐɠ, ɞɘəɞɜɞɛɘəɐɠ, 

űɡůɘəɐɠ, ŰŮɢɜɘəɐɠ) ɛŮ ɏɜŬɜ ůŬűɩɠ ɞɟɘůɛɏɜɞ ɔŮɤɔɟŬűɘəɧ ɢɩɟɞ. ȷɡŰɐ ɖ ŭɡɜŬŰɧŰɖŰŬ 

əŬɗɘůŰɎ Űɞ GIS ŬˊŬɟŬɑŰɖŰɞ ŮɟɔŬɚŮɑɞ ɔɘŬ ɢɤɟɘəɐ ŬɜɎɚɡůɖ, ůɢŮŭɘŬůɛɧ əŬɘ ŭɘŬɢŮɑɟɘůɖ. 

ɋɠ ɏɜŬ ɞɡůɘɩŭŮɠ əŬɘ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ, ɡˊɧəŮɘŰŬɘ ůŮ ůɡɜŮɢɐ Ůɝɏɚɘɝɖ ɚɧɔɞ Űɖɠ ɡɣɖɚɐɠ ɕɐŰɖůɖɠ 

əɎɜɞɜŰŬɠ Űɞ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɘəŬɜɧ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ŮɝŮɚɘɔɛɏɜŬ ɗɏɛŬŰŬ. ɀŮɟɘəɎ Ŭˊɧ ŬɡŰɎ 

ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

¶ ɉɤɟɘəɐ ŬɜɎɚɡůɖ (spatial analysis) 

ɀŮ Űɖ ɢɤɟɘəɐ ŬɜɎɚɡůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ůɜ Űɤ ɓɎɗŮɘ əŬŰŬɜɧɖůɖ Űɖɠ ŮəɎůŰɞŰŮ ŰɞˊɞɗŮůɑŬɠ. 

ɀŮ ŰŮɢɜɘəɏɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɔɑɜŮŰŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɕɩɜŮɠ ɔɨɟɤ Ŭˊɧ ůɖɛŮɑŬ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ ɐ  ůɡɜŭɡŬůɛɞɑ ˊɞɚɚɩɜ ůŰɟɤɛɎŰɤɜ ŭŮŭɞɛɏɜɤɜ ŬəɧɛŬ əŬɘ ŬɜɎɚɡůɖ 

ŭɘəŰɨɤɜ ɧˊɤɠ ŭɟɧɛɞɘ ɐ ůɤɚɖɜɩůŮɘɠ. 

¶ ɇɖɚŮˊɘůəɧˊɖůɖ əŬɘ GIS (remote sensing) 

ɆɡɢɜɎ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ŬɜŬɚɨɞɜŰŬɘ ɛɏůɤ GIS ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬŰɐɟɖůɖ ůŮ 

ŬɚɚŬɔɏɠ ɢɟɐůɖɠ ɔɖɠ, űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ ɐ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ. 

¶ 3D GIS əŬɘ City modeling 

ȾŬɘɜɞɨɟɘŮɠ ŮəŭɧůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɚɨˊŰɞɡɜ ŰɟɘůŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ. ȺŰůɘ 

ɞɚɧəɚɖɟŮɠ ˊɧɚŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ɛŮ ŬəɟɑɓŮɘŬ əŬɘ ɜŬ ŬɜŬɚɡɗɞɨɜ ůɖɛŮɑŬ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ ɔɘŬ Űɖɜ ˊɞɚŮɞŭɞɛɑŬ ɐ ŬəɧɛŬ əŬɘ űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ. 

¶ WebGis 

ɀŮ Űɖɜ Ŭɡɝɖɛɏɜɖ ŬɜɎɔəɖ əŬɘ Űɖ ŭɘɎŭɞůɖ Űɞɡ ŭɘŬŭɘəŰɨɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ online 
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ůɨůŰɖɛŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ əɞɘɜɧ ˊŮɟɘɓɎɚɚɞɜ ɔɘŬ ˊɞɚɚɞɨɠ ɢɟɐůŰŮɠ ˊɞɡ ɛˊɞɟɞɨɜ 

ŰŬɡŰɧɢɟɞɜŬ ɜŬ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɔŮɤɢɤɟɘəɎ ŭŮŭɞɛɏɜŬ ɛɏůɤ űɡɚɚɞɛŮŰɟɖŰɩɜ ɧˊɤɠ Űɞ 

Openstreetmap. 

¶ Big Data əŬɘ Gis 

ȿɧɔɤ Űɖɠ ŮəɗŮŰɘəɐɠ ˊɟɧůɚɖɣɖɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŬɘůɗɖŰɐɟŮɠ, drones ɐ əɘɜɖŰɎ ŰɖɚɏűɤɜŬ 

ˊɚɏɞɜ Űɞ GIS ůɡɜŮɟɔɎɕŮŰŬɘ ɛŮ ŮŰŬɘɟŮɑŮɠ big data əŬɘ ŰŮɢɜɑŰɖɠ ɜɞɖɛɞůɨɜɖɠ ɔɘŬ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ ɡˊɏɟɞɔəɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. 
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4 ȺūȷɅɀɃũȼ ɀȺŪɃȹɃȿɃũȽȾȼɆ ɄɅɃɆȺũũȽɆȼɆ 

 ɄŮɟɘɞɢɐ ɏɟŮɡɜŬɠ 

4.1.1 ũŮɤɔɟŬűɘəɎ ůŰɞɘɢŮɑŬ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɚŬɛɓɎɜŮɘ ŮűŬɟɛɞɔɐ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɞɡ ŭɐɛɞɡ 

Ⱦɨɛɖɠ- ȷɚɘɓŮɟɑɞɡ, ɞ ɞˊɞɑɞɠ ŬɜɐəŮɘ ůŰɖɜ ɆŰŮɟŮɎ ȺɚɚɎŭŬ ɓɎůŮɘ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ȾŬɚɚɘəɟɎŰɖɠ (Ɂ.3852/2010, ūȺȾ ȷô 87/07-06-2010)  ˊɞɡ ɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮŰɎ Űɖɜ 

Ůɜɞˊɞɑɖůɖ Űɤɜ ŭɐɛɤɜ ȹɘůŰɑɤɜ, ɇŬɛɘɜŬɑɤɜ, ȾɞɜɘůŰɟɩɜ, ȷɡɚɩɜŬɠ əŬɘ Ⱦɨɛɖɠ. ȼ ɜɏŬ ɏəŰŬůɖ 

ŬɜɏɟɢŮŰŬɘ ůŰŬ 801.21 Ű.ɢɚɛ əŬɘ ɞ ˊɚɖɗɡůɛɧɠ əŬŰɎ Űɖɜ ŬˊɞɔɟŬűɐ Űɞɡ 2021 ɐŰŬɜ 26.350 ɎŰɞɛŬ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɛŮɗɞŭɞɚɞɔɑŬ ŮűŬɟɛɧůŰɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ɞɟɑɕŮŰŬɘ ȸȷ Űɖɠ əŮɜŰɟɘəɐɠ 

ȺɨɓɞɘŬɠ əŬɘ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɖɠ Ⱦɨɛɖɠ əŬɘ Űɖɠ ɚɘɔɜɘŰɞűɧɟɞɡ ˊŮɟɘɞɢɐɠ Űɖɠ. ȺəŮɑ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɜ ŭɘŬűɞɟŮŰɘəɎ ŭɘŬɛŮɟɑůɛŬŰŬ ˊɢ ȷɜŭɟɘɤɜɘɎɜɤɜ, ɀŮŰɞɢɑɞɡ, ȸɑŰŬɚɞɡ, 

ɄɞŰŬɛɑŬɠ, ȾŬɚɖɛŮɟɘɎɜɤɜ, ȺɜɞɟɑŬɠ, ɄɚŬŰɎɜŬɠ, Ʉɨɟɔɞɡ, ɇŬɝɘŬɟɢɩɜ əŬɘ ɀŬɚŮŰɘɎɜɤɜ 

əŬŰŬɚŬɛɓɎɜɞɜŰŬɠ ɏəŰŬůɖ 167,6 ŰŮŰɟŬɔɤɜɘəɎ ɢɘɚɘɧɛŮŰɟŬ. ɆŰɖɜ ˊŮɟɘɞɢɐ ɡˊɎɟɢŮɘ ˊɟɧůɓŬůɖ 

ɛɏůɤ ȷɚɘɓŮɟɑɞɡ Ŭˊɧ Űɖ ɉŬɚəɑŭŬ ůŮ ŬˊɧůŰŬůɖ 93 ɢɘɚɘɞɛɏŰɟɤɜ. 

4.1.2 ũŮɤɛɞɟűɞɚɞɔɑŬ  

ɆŰɖɜ ˊŮɟɘɞɢɐ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɘɠ 

ɔŮɤɛɞɟűɏɠ ˊɞɡ ɏɢɞɡɜ ůɢɖɛŬŰɘůŰŮɑ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ŮɛɓŬŭɧ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ˊɚŬɔɘɏɠ (54%) ˊɞɡ 

ůɡɢɜɎ ɞŭɖɔɞɨɜ ůŮ ˊɞɚɨ ɡɣɖɚɏɠ əɞɟɡűɞɔɟŬɛɛɏɠ ɐ ůŮ ɛɘəɟɐɠ əɚɑůɖɠ əɞɟɡűɏɠ ɚɧűɤɜ. 

ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, ůɡɜɐɗɖɠ ŮɑɜŬɘ ɖ ˊŬɟɞɡůɑŬ ɛŮɔɎɚɞɡ ɓɎɗɞɡɠ űŬɟŬɔɔɘɩɜ ɛŮŰŬɝɨ Űɤɜ 

ůɢɖɛŬŰɘůɛɏɜɤɜ əɞɟɡűɩɜ əŬɘ ɖ ůɡɜɨˊŬɟɝɐ Űɞɡɠ ɛŮ əɞɘɚɎŭŮɠ ůɢɐɛŬŰɞɠ U. Ƀɘ ˊŮŭɘɎŭŮɠ ɔŮɜɘəɩɠ 

ŮəɚŮɑˊɞɡɜ əŬŰŬɚŬɛɓɎɜɞɜŰŬɠ ˊɞůɞůŰɧ Űɞɡ ŮɛɓŬŭɞɨ ɛɘəɟɧŰŮɟɞ Űɞɡ 7%.  
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ȼ ůɡɜɞɚɘəɐ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɖɠ Ⱦɨɛɖɠ, ŬɜŬŭŮɘəɜɨŮɘ Űɖɜ ůɖɛŬůɑŬ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ əŬɗɩɠ 

ůŮ ˊŮɟɘɓɎɚɚɞɜŰŬ ɛŮ ɏɜŰɞɜɞ Űɞ ůŰɞɘɢŮɑɞ Űɖɠ ŬɚɚŮˊɎɚɚɖɚɖɠ ŮɜŬɚɚŬɔɐɠ ɛŮŰŬɝɨ ɡɣɖɚɩɜ 

əɞɟɡűɞɔɟŬɛɛɩɜ əŬɘ ˊɚŬɔɘɩɜ, əŬɗɘůŰɞɨɜ ŰɘŮ ˊŬɟŬŭɞůɘŬəɏɠ ɛŮɗɧŭɞɡɠ ŮˊɘŰɧˊɘŬɠ 

ɢŬɟŰɞɔɟɎűɖůɖɠ ˊɘɞ ɢɟɞɜɞɓɧɟŮɠ əŬɘ əŬŰȭŮˊɏəŰŬůɖ əŬɘ ŭŬˊŬɜɖɟɏɠ. 

 
ȺɘəɧɜŬ 4-1: ũŮɤɛɞɟűɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ (ȼɚɑŬ Ƚ., 2013) 

4.1.3 ɈŭɟɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ  

ȼ ˊŬɟɞɡůɑŬ ŮəŰŮɜɩɜ ˊɚŬɔɘɩɜ ɛŮ ůɡɢɜɏɠ ɡɣɖɚɏɠ əɞɟɡűɏɠ ˊɟɞůŭɑůŮɘ ůŰɖ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰŬ 

ɡŭɟɞɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ŬˊɩɗŮůɖɠ ɡŭɎŰɤɜ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɟŮɛɛɎŰɤɜ ɧɚɤɜ Űɤɜ ŰɎɝŮɤɜ əŬŰŬ 

Strahler (1957). ɆŮ ɧɚɞ Űɞ Ůɨɟɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ, ŬɜŬˊŰɨůůɞɜŰŬɘ 13 ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ əŬɘ 

ɛŮůɞɚŮəŬɜɩŭŮɘɠ ˊŮɟɘɞɢɏɠ, ůŰɘɠ ɞˊɞɑŮɠ ŬˊɞŰɑɗŮɜŰŬɘ əŬɘ űŮɟɧɛŮɜŬ ɡɚɘəɎ.  

ũŮɜɘəɎ, ɖ ɏɜŰɞɜɖ ɡŭɟɞɚɞɔɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ŮɜɘůɢɨŮɘ Űɖɜ ˊŬɟɞɡůɑŬ ɔŮɤɚɞɔɘəɩɜ ŬůŰɞɢɘɩɜ əŬɘ 

űŬɘɜɞɛɏɜɤɜ əŮɟɛŬŰɘůɛɞɨ Űɞɡ ŮŭɎűɞɡɠ əŬɘ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ ɔɘŬ ŰŬ ɛɞɜŰɏɚŬ 

ˊɟɧɓɚŮɣɖɠ ˊɞɡ Ŭűɞɟɞɨɜ ɢŬɟŰɞɔɟɎűɖůɖ (ȼɚɑŬ, 2013). 
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ȺɘəɧɜŬ 4-2: ɈŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ Űɖɠ ˊŮɟɘɞɢɐɠ (ȼɚɑŬ Ƚ., 2013) 

4.1.4 ɉɟɐůŮɘɠ ɔɖɠ  

ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ŬɜɎɚɡůɖɠ Űɤɜ ɢɟɐůŮɤɜ ɔɖɠ ɏɔɘɜŮ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ Corine 

land cover ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ Űɞ 2006.  

ɆŰɖɜ ˊŮɟɘɞɢɐ ŮˊɘəɟŬŰŮɑ ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ əɚɑɛŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ˊɚɞɨůɘŬɠ 

ɓɚɎůŰɖůɖɠ ɛŮ ŮɡɟŮɑŬ ˊɞɘəɘɚɑŬ ɢɚɤɟɑŭŬɠ, ŮɜɘůɢɡŰɘəɎ ɚŮɘŰɞɡɟɔŮɑ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɡɣɖɚɐɠ 

ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ůŮ ɞɟŮɘɜɎ,ɖɛɘɞɟŮɘɜɎ ,ˊŮŭɘɜɎ ŰɛɖɛŬŰŬ ˊɞɡ ˊɞɚɚɏɠ űɞɟɏɠ ŮɑɜŬɘ 

ˊŬɟŬˊɞŰɎɛɘŬ ɐ ˊŬɟŬɗŬɚɎůůɘŬ. Ƀɘ Űɨˊɞɘ ɓɚɎůŰɖůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɘəɑɚɞɡɜ ɛŮŰŬɝɨ ˊɡəɜɩɜ 

ŭŬůɘəɩɜ ŮəŰɎůŮɤɜ, ɗŬɛɜɩŭŮɘɠ ˊŮɟɘɞɢɏɠ , ɓɟŬɢɞŰɧˊɞɡɠ əŬɘŮɨűɞɟŮɠ ŮəŰɎůŮɘɠ ɛŮ əŬɚɚɘɏɟɔŮɘŮɠ. 

ȼ űɡŰɞəɎɚɡɣɖ ůɡɜɑůŰŬŰŬɘ ůŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ (23%) Ŭˊɧ ˊɚŬŰɨűɡɚɚŬ əŬɘ əɤɜɞűɧɟŬ ŭɎůɖ 

əŬɘ ůŮ Ůɝɑůɞɡ ůɖɛŬɜŰɘəɧ ɛŮɟɞɠ (23,53%) Ŭˊɞ əŬɚɚɘŮɟɔɖɛɏɜɖ ɔɖ ɛŮ ɐ ɢɤɟɑɠ Ůˊɘˊɚɏɞɜ űɡůɘəɐ 

ɓɚɎůŰɖůɖ. 

 

 

 

 

 



ũȺɋȿɃũȽȾȼ ɉȷɅɇɃũɅȷūȼɆȼ ɀȺ ɉɅȼɆȼ ɇȼȿȺɄȽɆȾɃɄȽȾɋɁ ȹȺȹɃɀȺɁɋɁ ȾȷȽ 

ɀȺŪɃȹɋɁ ɀȼɉȷɁȽȾȼɆ ɀȷŪȼɆȼɆ 

 

48 

ɄɑɜŬəŬɠ 4-1: ɄɞůɞůŰɎ əŬŰɖɔɞɟɘɩɜ ɢɟɐůŮɤɜ ɔɖɠ Űɖɠ Ⱦɨɛɖɠ (Corine,2006) (ȼɚɑŬ Ƚ., 2013) 

ʃˇˋˇˋˍˈ ʶ˃˒ʱ˄ʽˋʹˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ό҈ύ ɼʰˍʹʴˇˊʾʶˌ ˔ˊʺˋʶ˖˄ ʴʹˌ 

1,34 ȷůɡɜŮɢɐɠ ŬůŰɘəɐ ŭɧɛɖůɖ 

0,01 ȿɘɛɏɜŬɠ 

0,77 ɀɖ ŬɟŭŮɡɧɛŮɜɖ Ŭɟɧůɘɛɖ ɔɖ 

1,59 ɃˊɤɟɞűɧɟŬ ŭɏŭɟŬ 

5,99 ɆɨɜɗŮŰŬ ůɡůŰɐɛŬŰŬ əŬɚɚɘŮɟɔŮɘɩɜ 

23,53 ȾŬɚɚɘŮɟɔɖɛɏɜɖ əŬɘ ɛɖ ɔɖ 

9,94 ȹɎůɖ ˊɚŬŰɨűɡɚɚɤɜ 

12,42 ȹɎůɖ əɤɜɞűɧɟɤɜ 

7,43 ɀɘəŰɎ ŭɎůɖ 

2,35 ȿɘɓɎŭɘŬ 

12,49 Ɇəɚɖɟɧűɡɚɚɖ ɓɚɎůŰɖůɖ 

18,73 ɀŮŰŬɓŬŰɘəɎ ŭɎůɖ/ɗŬɛɜɧŰɞˊɞɘ 

3,40 ȺəŰɎůŮɘɠ ŬɟŬɘɐɠ ɓɚɎůŰɖůɖɠ 

ȼ ˊŮɟɘɞɢɐ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɖɠ ɜŬ ůɡɔəɟŬŰŮɑ Űɖɜ ɡɔɟŬůɑŬ ɚɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ 

ɚŮɡəɐɠ əŬɘ ɡˊɞəɑŰɟɘɜɖɠ ɛɎɟɔŬɠ, ŰɞɡŰɏůŰɘɜ ɞˊɞɘŬŭɐˊɞŰŮ ɛŮŰŬɓɞɚɐ Űɖɠ ɓɚɎůŰɖůɖɠ Ŭˊɞ 

Ŭɜɗɟɩˊɘɜɞ ˊŬɟɎɔɞɜŰŬ ŮˊŬɜɏɟɢŮŰŬɘ ɛŮ ɔɟɐɔɞɟɞɡɠ ɟɡɗɛɞɨɠ. ȷɜŬɚɞɔɘəɎ Űɞ ŮɡɟɨŰŮɟɞ Űɞˊɑɞ ɔɘŬ 

ŬɡŰɧ Űɞ ɚɧɔɞ ŭŮɜ ŬɜŰɘɛŮŰɤˊɑɕŮɘ ɘŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ ŬˊŮɘɚɏɠ Ŭˊɞ ŬɜɗɟɩˊɘɜŮɠ ˊɟŬəŰɘəɏɠ,ˊɏɟŬ 

Ŭˊɧ Űɖɜ ɡɚɞŰɧɛɖůɖ əŬɘ Űɖɜ ŮˊɏəŰŬůɖ Űɞɡ ɞŭɘəɞɨ ŭɘəŰɨɞɡ (ȼɚɑŬ, 2013). 
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ȺɘəɧɜŬ 4-3: ɉɟɐůŮɘɠ ɔɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ (ȼɚɑŬ Ƚ., 2013) 

4.1.5 ũŮɤɚɞɔɘəɎ ůŰɞɘɢŮɑŬ 

ȼ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ əŬɘ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɢŬɟŬəŰɐɟɘɕŮŰŬɘ Ŭˊɧ 

ɛŮŰŬɛɞɟűɤɛɏɜɞ ɄŬɚŬɘɞɕɤɘəɧ ɡˊɧɓŬɗɟɞ əŬɘ ɛɖ ɛŮŰŬɛɞɟűɤɛɏɜɞɡɠ ɀŮůɞɕɤɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ ɛŮ ɏɜŰɞɜɖ ˊŬɟŮɛɓɞɚɐ ɞɔəɤŭɩɜ ŰŮəŰɞɜɘəɩɜ ŰŮɛŬɢɤɜ Ŭˊɧ ɞűɘɞɚɘɗɘəɎ ˊŮŰɟɩɛŬŰŬ. 

ȾŬŰɎ Űɞɜ Aubouin (1957), ŮɜŰɎůůŮŰŬɘ ůŰɖɜ ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ 

ŰŮəŰɞɜɘəɐɠ Ůˊɩɗɖůɖɠ Ŭˊɧ Űɖ ɜɧŰɘŬ ȺɨɓɞɘŬ. 

ȷɜŰɑůŰɞɘɢŬ, ɞ ȾŬŰůɘəɎŰůɞɠ (1992), ɢŬɟŬəŰɐɟɘůŮ Űɖ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɤɠ ůɨɜɗŮůɖ ɛɖ 

ɛŮŰŬɛɞɟűɤɛɏɜɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ɄŮɚŬɔɤɜɘəɐɠ ɕɩɜɖɠ ɛŮ ɛŮŰŬɚˊɘəɎ ɘɕɐɛŬŰŬ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɛŮ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬůəɧˊɖůɖ ůŮ ɔŮɤɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɟɞəɨˊŰŮɘ 

ɧŰɘ ɖ ɚɘɗɞɚɞɔɘəɐ ůɨɜɗŮůɖ Űɞɡ ůɖɛŮɑɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ əŬŰɖɔɞɟɑŮɠ 

ŰŬɝɘɜɞɛɖɛɏɜŮɠ ɛŮ űɗɑɜɞɡůŬ ɢɟɞɜɞɚɞɔɘəɐ ůŮɘɟɎ: 

ɃɚɞəŬɘɜɘəɏɠ ŬˊɞɗɏůŮɘɠ 

ũŮɜɘəɩɠ ɏɢɞɡɜ ɛŮɘɤɛɏɜɖ ŬɜɎˊŰɡɝɖ ŰɏŰɞɘɞɡ Űɨˊɞɡ ɇŮŰŬɟŰɞɔŮɜŮɑɠ ŬˊɞɗɏůŮɘɠ. ɄŮɟɘɚŬɛɓɎɜɞɡɜ 

ɜŮɞůɨůŰŬŰŬ əɞɟɐɛŬŰŬ ůŰɞɡɠ Ŭɚˊɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ɓɟɏɗɖəŬɜ ŮəŮɑ Ŭˊɧ ŬˊɞɗɏůŮɘɠ 

ˊɞŰŬɛɩɜ ɐ ɢŮɑɛŬɟɟɤɜ ɐ ŬəɧɛŬ əŬɘ ˊŬɟɎəŰɘŮɠ ɢŬɚŬɟɏɠ ŬˊɞɗɏůŮɘɠ ɛŮ ɛɘəɟɐ ɐ ɛɖŭŮɜɘəɐ 

ůɡɜŮəŰɘəɧŰɖŰŬ. 
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ɄɚŮɘůŰɞəŬɘɜɘəɏɠ ŬˊɞɗɏůŮɘɠ 

ȷɡŰɏɠ ɞɘ ŬˊɞɗɏůŮɘɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɚŮɡɟɘəɎ əŬɘ əɩɜɞɡɠ əɞɟɐɛŬŰɤɜ əŬɘ ŬˊɞɗɏůŮɘɠ Űɖɠ 

ˊŮŭɘɜɐɠ ˊŮɟɘɞɢɐɠ ŭɡŰɘəɎ əŬɘ ɓɞɟŮɘɞŭɡŰɘəɎ Űɖɠ Ⱦɨɛɖɠ. ɆŰɘɠ ŬˊɞɗɏůŮɘɠ Űɖɠ ˊŮŭɘɜɐɠ ɕɩɜɖɠ 

ůɡɜŬɜŰɩɜŰŬɘ Ůɟɡɗɟɞɑ Ɏɟɔɘɚɞɘ, Ɏɛɛɞɘ əŬɘ ɚŬŰɡˊɞəɟɞəŬɚɞˊŬɔɐ . ɇŬ əɞɟɐɛŬŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ 

ŬůɓŮůŰɞɚɘɗɘəɎ ɛŮ əɨɟɘŬ ůɖɛŮɑŬ ŰŬ ˊŬɟŬɚɘŬəɎ əŬɗɩɠ ˊŬɟŬůɨɟɞɜŰŬɘ Ŭˊɧ ɨŭŬŰŬ ˊɞɡ ŭɘŬˊŮɟɜɞɨɜ 

ŬůɓŮůŰɞɚɘɗɘəɏɠ ˊŮɟɘɞɢɏɠ. ȹɘŬŰɖɟɞɨɜ Űɖ ůɡɜŮəŰɘəɧŰɖŰŬ Űɞɡɠ ɛŮ əɡɟɑɤɠ ŬŭɟɞɛŮɟɐ ɐ ŬəɧɛŬ əŬɘ 

ɞɔəɩŭɖ ŬůɓŮůŰɞɚɘɗɘəɎ ŰɏɛŬɢɖ. 

ɁŮɞɔŮɜɐ ɘɕɐɛŬŰŬ 

ũɘŬ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 100Ű.ɢɚɛ ůɡɜŬɜŰɩɜŰŬɘ ɚɘɛɜŬɑŬ ŰɟɘŰɞɔŮɜɐ ɘɕɐɛŬŰŬ ůŰɖɜ ɚŮəɎɜɖ ˊɞɡ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮŰŬɝɨ ɧɟɞɡɠ ɆɞɡəɎɟɞ, ůɡɔəɟɞŰɐɛŬŰɞɠ ɀŬɡɟɞɓɞɡɜɑɞɡ , ˊɟɞɓɞɡɜɤɜ ɃɢɗɞɜɑŬɠ 

əŬɘ ŬɜŬŰɞɚɘəɩɜ ŬəŰɩɜ ȷɘɔŬɑɞɡ ˊŮɚɎɔɞɡɠ. ȷɟɢɘəɎ ŰɞˊɞɗŮŰŮɑŰŬɘ ɏɜŬ əɟɞəŬɚɞˊŬɔɏɠ ɓɎůɖɠ 

ɎɜɤɗŮɜ əɡɟɑɤɠ űɚɨůɢɖ, ůŰɖ ůɡɜɏɢŮɘŬ ŬˊɞŰɑɗŮŰŬɘ ɏɜŬ Ůɡɟɨ ůŰɟɩɛŬ Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ ůŮ 

ɛŮɔɎɚɞ ɛŮɟɞɠ Ŭˊɧ ɚŮˊŰɞɛŮɟɞɨɠ ůɨůŰŬůɖɠ ɛɎɟɔŮɠ ɛŮ ůɡɢɜɐ ˊŬɟɞɡůɑŬ ɚɘɔɜɘŰɩɜ Ůɜɩ ůŰɞ 

ŬɜɩŰŮɟɞ ŮˊɑˊŮŭɞ ɓɟɑůəŮŰŬɘ ɏɜŬ ɛŮɑɔɛŬ Ŭˊɧ əɟɞəŬɚɞˊŬɔɐ, ɣŬɛɛɑŰŮɠ əŬɘ Ŭɟɔɑɚɞɡɠ. 

ɇŮəŰɞɜɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ˊŮɟɘɞɢɐɠ  

ȼ ŰŮɚɘəɐ ɔŮɤɛɞɟűɞɚɞɔɘəɐ ŮɘəɧɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ Ⱦɨɛɖɠ-ȷɚɘɓŮɟɑɞɡ ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ ˊɞɚɨˊɚɞəɤɜ 

ŰŮəŰɞɜɘəɩɜ əŬɘ ɘɕɖɛŬŰɞɔŮɜɩɜ ŭɘŮɟɔŬůɘɩɜ Ŭˊɞ Űɖɜ ˊŰɡɢɤůɘɔŮɜɐ ŭɟɎůɖ ɏɤɠ əŬɘ Űɘɠ 

ɜŮɞŰŮəŰɞɜɘəɏɠ ŭɘŬɛɞɟűɩůŮɘɠ. ɇŬ ɡˊɎɟɢɞɜŰŬ ŮɟŮɡɜɖŰɘəɎ ŭŮŭɞɛɏɜŬ ŬˊɞəŬɚɨˊŰɞɡɜ ɘůɢɡɟɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ ɟɖɔɛɎŰɤɜ, ŮˊɤɗɐůŮɘɠ əŬɘ ˊŰɡɢɩůŮɘɠ əŬɘ ɓŬɟɨɜɞɡůŬɠ ůɖɛŬůɑŬɠ ŰŮəŰɞɜɘəɏɠ 

ŮɜɏɟɔŮɘŮɠ.  

ȾŬŰɎ Űɞɜ ȾŬŰůɘəɎŰůɞ (1976) ɖ ŰŮəŰɞɜɘəɐ ůɡɔəɟɧŰɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ůɢɖɛŬŰɑůŰɖəŮ ɛŮ Űɞ ˊɏɟŬɠ 

Űɟɘɩɜ ˊŰɡɢɞɔɧɜɤɜ űɎůŮɤɜ: 

¶ Ʉɟɞ-ŬɜɤəɟɖŰɘŭɘəɐ: ůŰɞ ɁŮɞŮɚɚɖɜɘəɧ ŰŮəŰɞɜɘəɧ əɎɚɡɛɛŬ ɛŮ ɘůɞəɚɘɜŮɑɠ ˊŰɡɢɏɠ əŬɘ 

ŭɘŮɚɡɗɡɜůɖ 145Á- 205Á. 

¶ ɀŮŰŬ-ŬɜɤəɟɖŰɘŭɘəɐ: ɜɞŰɘɞŭɡŰɘəɐ ɩɗɖůɖ ɛŮ ˊŰɡɢɏɠ ŭɘŮɨɗɡɜůɖɠ 110Á-120Á. 

¶ Ⱥˊɩɗɖůɖ ɄŮɚŬɔɞɜɘəɐɠ ŮɜɧŰɖŰŬɠ Űɖɜ ȷŰŰɘəɞəɡəɚŬŭɘəɐ ɕɩɜɖ ɛŮ ˊŰɡɢɏɠ ŭɘŮɨɗɡɜůɖɠ 60Á-

80Á ɛŮ ɜɞŰɘɞŬɜŬŰɞɚɘəɐ ɩɗɖůɖ. 

ȺˊɧɛŮɜŮɠ ɏɟŮɡɜŮɠ ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŬɜ ŮɜŰɧˊɘůŬɜ ŭɨɞ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ŰŮəŰɞɜɘəɎ ɟɐɔɛŬŰŬ ɛŮ 

ɔŮɜɘəɐ ŭɘŮɨɗɡɜůɖ ȸȹ-Ɂȷ, ŭɡŰɘəɎ Űɖɠ Ⱦɨɛɖɠ ŰŬ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜ ůɖɛŮɑɞ Űɞɛɐɠ ɛŮŰŬɝɨ 

ŬɜɤəɟɖŰɘŭɘəɩɜ ŬůɓŮůŰɧɚɘɗɤɜ əŬɘ űɚɨůɢɖ ɛŮ ɛŮŰŬɔŮɜɏůŰŮɟŬ ɜŮɞɔŮɜɐ,  ůɢɖɛŬŰɑɕɞɜŰŬɠ ɏŰůɘ ŮɜŬ 

ŰŮəŰɞɜɘəɧ əɏɟŬɠ Ŭɚˊɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ŰŮɛɜɧɛŮɜɤɜ Ŭˊɧ ɛŮŰŬɚˊɘəɎ ɘɕɐɛŬŰŬ. 
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ȺˊŬəɧɚɞɡɗɞ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ɀŮůɞɕɤɘəɩɜ ŬůɓŮůŰɧɚɘɗɤɜ ŬˊɞŰɏɚŮůŮ ɖ ŬˊɧɗŮůɖ Űɞɡ űɚɨůɢɖ 

ůŰɞ ɀŬɘůŰɟɑɢŰɘɞ ï Ⱦ. ȼɩəŬɘɜɞ. ɀɏůɤ Űɖɠ ŭɘɎɟɟɖɝɖɠ əŬɘ Űɖɠ ˊŰɨɢɤůɖɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɑɞŭɞɘ ɔɘŬ Űɖɜ Ŭˊɞɢɩɟɖůɖ ɓŬůɘəɩɜ əŬɘ ɡˊŮɟŰŬůɘəɩɜ ɛŬɔɛɎŰɤɜ. ȷɡŰɧ ɏűŮɟŮ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɔŬɓɓɟɞŭɘŬɓŬůɘəɩɜ əŬɘ ˊŮɟɘŭɞŰɘŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ŮɜŰɧɠ Űɞɡ 

űɚɨůɢɖ əŬɘ Űɤɜ ŬůɓŮůŰɧɚɘɗɤɜ. ɆŮ ŬɜɩŰŮɟŮɠ ˊŰɡɢɩůŮɘɠ ůɢɖɛŬŰɑůŰɖəŮ ɛɘŬ ůŮɘɟɎ ůɡɔəɚɘɜɘəɩɜ 

əŬɘ ŬɜŰɘəɚɘɜɘəɩɜ ˊŰɡɢɩɜ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ əɚɑůɖ ȸȷ əŬɘ ɔŮɜɘəɐ ŭɘŮɨɗɡɜůɖ ȸȹ-Ɂȷ. ɆŮ 

ˊŬɟɧɛɞɘŬ ŭɘŮɨɗɡɜůɖ ŮɛűŬɜɑůŰɖəŬɜ əŬɘ ŬˊɤɗɖŰɘəɏɠ əɘɜɐůŮɘɠ ˊɞɡ ŮˊɑŭɟŬůŬɜ əɡɟɑɤɠ ůŰɞɜ 

űɚɨůɢɖ, ŮɝŬɘŰɑŬɠ Űɖɠ ˊŮɟɘůůɧŰŮɟɖɠ ˊɚŬůŰɘəɧŰɖŰŬɠ Űɤɜ ɘɕɖɛɎŰɤɜ, ŮɜŬɜŰɘ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɤɜ 

ŬůɓŮůŰɧɚɘɗɤɜ. ȴůŰŮɟŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɞɟɞɔŮɜŮŰɘəɏɠ əɘɜɐůŮɘɠ, ˊŬɟɞɡůɘɎůŰɖəŬɜ əŬŰŬəɧɟɡűŮɠ 

əɘɜɐůŮɘɠ ɝŮɢɤɟɘůŰɩɜ əɞɛɛŬŰɘɩɜ, ɞɘ ɞˊɞɑŮɠ ɞŭɐɔɖůŬɜ ůŰɖɜ ŭɘŬɛɧɟűɤůɖ Űɞɡ ɓɡɗɑůɛŬŰɞɠ, ŮɜŰɧɠ 

Űɞɡ ɞˊɞɑɞɡ ɝŮəɑɜɖůŮ, ŬůɨɛűɤɜŬ ˊɟɞɠ Űɞɡɠ ŬůɓŮůŰɞɚɘɗɘəɞɨɠ, űɚɡůɢɘəɞɨɠ əŬɘ ɞűɘɞɚɘɗɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ, ɖ ŬˊɧɗŮůɖ Űɤɜ ŰɟɘŰɞɔŮɜɩɜ ůɢɖɛŬŰɘůɛɩɜ, ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ Űɞ ɚɘɔɜɑŰɖ. Ƀ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ Ŭəɟɘɓɞɨɠ ɖɚɘəɑŬɠ Űɤɜ ŰɟɘŰɞɔŮɜɩɜ ŬˊɞɗɏůŮɤɜ ˊŬɟŬɛɏɜŮɘ ŬůŬűɐɠ əŬɘ 

ˊɞɘəɑɚŮɘ. ȾɎˊɞɘɞɘ Űɖɜ əŬŰŬŰɎůůɞɡɜ ůŰɞ ȼɩəŬɘɜɞ (Spratt, 1847; Unger, 1867; Corseix, 1873), 

ůŰɞ ɃɚɘɔɧəŬɘɜɞ (De Saporta, 1868 & 1873), ůŰɞ ȷəɞɡɥŰɎɜɘɞ ï ɆŬɟɛɎŰɘɞ, ůŰɞ ɄɧɜŰɘɞ, ůŰɞ 

ɄɚŮɘɧəŬɘɜɞ ɐ Űɏɚɞɠ ůŰɞ ɄɚŮɘůŰɧəŬɘɜɞ (Fuchs, 1876). ȼ ŰŮəŰɞɜɘəɐ ŭɞɛɐ Űɖɠ ɚŮəɎɜɖɠ ŭŮɜ ŮɑɜŬɘ 

ˊɞɚɨˊɚɞəɖ ůŰɞ ůɨɜɞɚɧ Űɖɠ. ɋůŰɧůɞ, ɞ ˊɡɗɛɏɜŬɠ ŮɛűŬɜɑɕŮŰŬɘ ŬɜɞɛɞɘɞɔŮɜɐɠ, ɛŮ ŮɔəɞɚˊɩůŮɘɠ 

(ɚɘɔɜɘŰɞűɧɟɞɡɠ ɐ ɛɖ). ȷɡŰɧ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɤɜ Ůˊɘɛɏɟɞɡɠ Ɏɜɘůɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ ŰŮɛŬɢɩɜ, 

ŮɝŬɘŰɑŬɠ Űɤɜ űŬɘɜɞɛɏɜɤɜ ůɡɜɑɕɖůɖɠ. ȷɡŰɐ ɖ ŬɜɞɛɞɘɞɔɏɜŮɘŬ ůɡɜŮˊɎɔŮŰŬɘ Űɖ ɛɖ ŬˊɧɗŮůɖ Űɖɠ 

ˊɚɐɟɞɡɠ ůŮɘɟɎɠ Űɤɜ ŰɟɘŰɞɔŮɜɩɜ ɘɕɖɛɎŰɤɜ ůŰŬ ŭɘɎűɞɟŬ ůɖɛŮɑŬ Űɖɠ ɚŮəɎɜɖɠ, ɧˊɤɠ əŬɘ ɖ əŬŰɎ 

Űɧˊɞɡɠ ŬɜɞɛɞɘɞɔŮɜɐɠ ůɨůŰŬůɐ Űɞɡɠ.  

ȳůɞɜ ŬűɞɟɎ Űɖɜ ŬˊɧɗŮůɖ ŰɟɘŰɞɔŮɜɩɜ ůɢɖɛŬŰɘůɛɩɜ, ɖ ˊŰɨɢɤůɖ ˊɞɡ ŬəɞɚɞɨɗɖůŮ ŮɝŬɘŰɑŬɠ Űɖɠ 

ŮɛűɎɜɘůɖɠ əŬŰŬəɧɟɡűɤɜ ɛŮŰŬəɘɜɐůŮɤɜ əŬɘ ŮűŬˊŰɞɛŮɜɘəɩɜ ˊɘɏůŮɤɜ, ůɡɜɎŭŮɘ ɛŮ Űɖɜ ɨˊŬɟɝɖ 

ɕɩɜɖɠ ɏɜŰɞɜɖɠ ŭɘŬŰŬɟŬɢɐɠ, ŮɜŰɧɠ Űɤɜ ŬɜɩŰŮɟɤɜ ɞɟɘɕɧɜŰɤɜ Űɤɜ ɛŬɟɔɩɜ. ȿɧɔɤ Űɖɠ ŭɘŬŰŬɟŬɢɐɠ 

ŬɡŰɐɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬůɡɛűɤɜɑŬ ɛŮ Űɞɡɠ əŬŰɩŰŮɟɞɡɠ ɞɟɑɕɞɜŰŮɠ Űɤɜ ɛŬɟɔɩɜ. ȷɡŰɞɑ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ ůŰɟɩůɖ ɛɘəɟɐɠ əɚɑůɖɠ, Ůɜɩ ŬˊɞɡůɘɎɕɞɡɜ ŰŮəŰɞɜɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ əŬɘ 

ŭɘŬɟɟɐɝŮɘɠ. ȼ ŬůɡɛűɤɜɑŬ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɞűŮɑɚŮŰŬɘ ůŮ ŰŮəŰɞɜɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɞűŮɑɚŮŰŬɘ ˊɘɗŬɜɩɠ ůŮ ɞɚɑůɗɖůɖ ɛŮɔɎɚɖɠ ɏəŰŬůɖɠ ŰɛɐɛŬŰɞɠ Űɤɜ ŬɜɩŰŮɟɤɜ 

ɛŬɟɔɩɜ ɐ ůŮ ˊŰɨɢɤůɖ ˊɞɡ ˊɟɞəɚɐɗɖəŮ ɚɧɔɤ Űɤɜ əŬŰŬəɧɟɡűɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ əŬɘ Űɤɜ 

ŮűŬˊŰɞɛŮɜɘəɩɜ ˊɘɏůŮɤɜ, ˊɞɡ ŮˊɖɟɏŬůŬɜ ŬˊɞəɚŮɘůŰɘəɎ Űɞ ŬɜɩŰŮɟɞ ŰɛɐɛŬ Űɤɜ ɛŬɟɔɩɜ, 

ŮɝŬɘŰɑŬɠ Űɖɠ ˊŮɟɘůůɧŰŮɟɖɠ ˊɚŬůŰɘəɧŰɖŰɎɠ Űɞɡɠ Ŭˊɧ Űɞɡɠ ˊɘɞ ɓŬɗɨɠ ɞɟɑɕɞɜŰŮɠ. ɋɠ Ůə ŰɞɨŰɞɡ, 

ŭŮɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ůŰɟɤɛŬŰɞɔɟŬűɘəɐ ŬůɡɛűɤɜɑŬ, ŭɖɚŬŭɐ ˊŬɨůɖ Űɖɠ ɘɕɖɛŬŰɞɔɏɜŮůɖɠ, ŮɝŬɘŰɑŬɠ 

Űɤɜ ɞɟɞɔŮɜŮŰɘəɩɜ əɘɜɐůŮɤɜ əŬɘ ŮˊŬɜɏɜŬɟɝɖ ŬɡŰɐɠ, ɛŮ Űɞɜ ŰŮɟɛŬŰɘůɛɧ Űɖɠ ɞɟɞɔɏɜŮůɖɠ. 
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ȷɜŰɑɗŮŰŬ, ŭŮɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɡˊɞəŮɑɛŮɜŮɠ ɛɎɟɔŮɠ ˊŰɡɢɤɛɏɜŮɠ əŬɘ ɞɘ ɡˊŮɟəŮɑɛŮɜŮɠ 

ŬŭɘŬŰɎɟŬəŰŮɠ. Ⱥˊɑůɖɠ, ŬˊɞɟɟɑˊŰŮŰŬɘ ɖ ŬůɡɛűɤɜɑŬ əŬŰɎ Űɖɜ ɘɕɖɛŬŰɞɔɏɜŮůɖ, əŬɗɩɠ ŭŮɜ 

ŭɘŬəɟɑɜŮŰŬɘ əŬɛɘɎ ɚɘɗɞɚɞɔɘəɐ ŭɘŬűɞɟɎ ŬɜɎɛŮůŬ ůŰɘɠ ɛɎɟɔŮɠ. ȷɜŰɑɗŮŰŬ, ůɖɛŮɘɩɜŮŰŬɘ ɏɜŰɞɜɖ 

ŭɘɎɟɟɖɝɖ əŬɘ ˊŬɟɞɡůɑŬ ŰŮəŰɞɜɘəɞɨ ɚŬŰɡˊɞˊŬɔɞɨɠ ůŰɖ ɓɎůɖ Űɖɠ ɕɩɜɖɠ ŭɘŬŰŬɟŬɢɐɠ. ɆɡɜŮˊɩɠ, 

ɖ ŬůɡɛűɤɜɑŬ ɏɢŮɘ ŰŮəŰɞɜɘəɎ ŬɑŰɘŬ.  

ȴůŰŮɟŬ Ŭˊɧ Űɖɜ ȷɚˊɘəɐ ɞɟɞɔɏɜŮůɖ ŬəɞɚɞɨɗɖůŮ ˊɟɞɢɤɟɖɛɏɜɖ ŭɘɎɓɟɤůɖ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ɚŮəɎɜɖɠ Űɖɠ Ⱦɨɛɖɠ. ȺəŮɑ ŭɘŬɛɞɟűɩɗɖəŬɜ ŬɟɔɘɚɞəɟɞəŬɚɞˊŬɔɐ, ŰŬ ɞˊɞɑŬ ŮˊɘůŰɟɩɗɖəŬɜ Ůˊɑ 

Űɤɜ ŰɟɘŰɞɔŮɜɩɜ əŬɘ ˊɘɞ ˊŬɚɘɩɜ ŬˊɞɗɏůŮɤɜ. ɇŬ əɟɞəŬɚɞˊŬɔɐ ŬɡŰɎ ŮɛűŬɜɑɕɞɡɜ ɔŮɜɘəɐ 

ŭɘŮɨɗɡɜůɖ ůŰɟɩůɖɠ ȷɜŬŰɞɚɐïȹɨůɖ, ɛŮ Űɞˊɘəɏɠ ŬˊɞəɚɑůŮɘɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ˊɞɡ 

əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 30Á əŬɘ 100Á ɤɠ ˊɟɞɠ Űɞ ɓɞɟɟɎ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ Űɞɡ 

ɡˊɞɓɎɗɟɞɡ. ɇŬ ɛŮŰŬɚˊɘəɎ ɘɕɐɛŬŰŬ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞ ŬɜŬŰɞɚɘəɧŰŮɟɞ ŰɛɐɛŬ Ŭˊɧ Űɖ Ⱦɨɛɖ, 

ɏɢɞɡɜ ŰɞˊɞɗŮŰɖɗŮɑ ɛŮ ɓɎůɖ Űɞɜ Kokkalas (2001), ůŮ ɛɘŬ ɚŮəɎɜɖ ɘɕɖɛŬŰɞɔɏɜŮůɖɠ, ɖ ɞˊɞɑŬ 

ůɡɔəɟɞŰŮɑ ɏɜŬ ŰɛɐɛŬ Űɖɠ ɛŮɔɎɚɖɠ ɜŮɞŰŮəŰɞɜɘəɐɠ ɚŮəɎɜɖɠ Ⱦɨɛɖɠ ï ȷɚɘɓŮɟɑɞɡ, ɖ ɞˊɞɑŬ 

ɝŮəɑɜɖůŮ ɜŬ ůɢɖɛŬŰɑɕŮŰŬɘ əŬŰɎ Űɞ ȾŬŰɩŰŮɟɞ ɀŮɘɧəŬɘɜɞ. ɇŬ ɘɕɐɛŬŰŬ ˊɞɡ ŬˊɞŰɏɗɖəŬɜ 

ɡˊŮɟɓŬɑɜɞɡɜ ŰŬ 500 ɛɏŰɟŬ ˊɎɢɞɠ əŬɘ ŬˊŬɟŰɑɕɞɜŰŬɘ Ŭˊɧ əɟɞəŬɚɞˊŬɔɐ əŬɘ ɛɎɟɔŮɠ ɛŮ ɚɘɔɜɘŰɘəɏɠ 

ˊŬɟŮɛɓɞɚɏɠ əŬŰɎ ɗɏůŮɘɠ.  

ȾŬŰɧˊɘɜ, ůŰŬ ɛɏůŬ Űɞɡ ɀŮɘɞəŬɑɜɞɡ ɡɚɞˊɞɘɐɗɖəŮ Ůɘůɢɩɟɖůɖ ɖűŬɘůŰŮɘŬəɩɜ ˊŮŰɟɤɛɎŰɤɜ ˊɞɡ 

ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŰŬ ŮɜŰɞˊɑůŮɘ ˊɚɏɞɜ ůɐɛŮɟŬ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ Ƀɝɨɚɘɗɞɡ. ȴůŰŮɟŬ Ŭˊɧ Űɖɜ 

ɖűŬɘůŰŮɘŬəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɝŮəɑɜɖůŮ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ɛɘŬ ˊŬɟŬɛɞɟűɤŰɘəɐ ŮűŮɚəɡůŰɘəɐ 

ˊŮɟɑɞŭɞɠ, ɖ ɞˊɞɑŬ ŭɨɜŬŰŬɘ ɜŬ ŮɜŰɞˊɘůŰŮɑ ůŰɖɜ ȷɜɤ-ɀŮɘɞəŬɘɜɘəɐ əŬɘ Űɖɜ ɄɚŮɘɞ- 

ɄɚŮɘůŰɞəŬɘɜɘəɐ űɎůɖ. ȾŬŰɎ Űɖɜ Ŭɟɢɘəɐ ˊŮɟɑɞŭɞ Űɞ ůɢɐɛŬ Űɖɠ ɜŮɞŰŮəŰɞɜɘəɐɠ ɚŮəɎɜɖɠ Ⱦɨɛɖɠ 

- ȷɚɘɓŮɟɑɞɡ ŬɜŬˊɟɞůŬɟɛɧůŰɖəŮ ůŮ ɛŮɔɎɚɧ ɓŬɗɛɧ Ŭˊɧ ɏɜŬ ɞɟɗɞɔɩɜɘɞ ůɨůŰɖɛŬ ȸȷ əŬɘ ȸȹ 

ŮűŮɚəɡůŰɘəɩɜ əŬɜɞɜɘəɩɜ ɟɖɔɛɎŰɤɜ, ˊɞɡ ɐŰŬɜ ŮˊŬəɧɚɞɡɗɞ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ 

ɛŮŰŬɞɟɞɔŮɜŮŰɘəɩɜ əŬŰŬɟɟŮɨůŮɤɜ ŰɛɖɛɎŰɤɜ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ űɚɞɘɞɨ. ȰˊŮɘŰŬ, əŬŰɎ Űɖ ˊŮɟɑɞŭɞ 

Űɞɡ ɄɚŮɘɧəŬɘɜɞɡ-ɄɚŮɘůŰɧəŬɘɜɞɡ, ɖ ɚŮəɎɜɖ ůɡɔəɟɧŰɖůŮ ŰɛɐɛŬ Űɖɠ ɞˊɘůɗɞŰɎűɟɞɡ ˊɞɡ ŮɑɢŮ 

ŭɘŬɛɞɟűɤɗŮɑ ˊɑůɤ Ŭˊɧ Űɞ Ⱥɚɚɖɜɘəɧ Űɧɝɞ. Ƀɘ ŰŮəŰɞɜɘəɏɠ ŭɞɛɏɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ ˊŮɟɑɞŭɞ 

ŬɡŰɐ ŮɑɜŬɘ, ŰŬ əŬɜɞɜɘəɎ ŮűŮɚəɡůŰɘəɎ ɟɐɔɛŬŰŬ ȹȸȹ ŭɘŮɨɗɡɜůɖɠ əŬɘ ŰŬ 

ŮˊŬɜŬŭɟŬůŰɖɟɘɞˊɞɘɖɛɏɜŬ, ˊɘɞ ˊŬɚɑŬ, əŬɜɞɜɘəɎ ɟɐɔɛŬŰŬ, ȷȸȷ ŭɘŮɨɗɡɜůɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ 

Kokkalas & Doutsos (2001), ŬɡŰɏɠ ɞɘ ŭɞɛɏɠ ɏɢɞɡɜ ˊɟɞəɚɖɗŮɑ Ŭˊɧ ŮűŮɚəɡůŰɘəɏɠ 

ˊŬɟŬɛɞɟűɤŰɘəɏɠ ŭɡɜɎɛŮɘɠ ȸȸȷ ŭɘŮɨɗɡɜůɖɠ, ˊɞɡ ˊɟɞɝŮɜɐɗɖəŬɜ, ˊɘɗŬɜɩɠ, Ŭˊɧ ŭɨɞ ˊɟɩŰɖɠ 

ŰɎɝɖɠ ɔŮɤŰŮəŰɞɜɘəɏɠ ŭɞɛɏɠ: Űɖɜ ɞˊɘůɗɞŰɎűɟɞ Űɞɡ Ⱥɚɚɖɜɘəɞɨ Űɧɝɞɡ əŬɘ Űɞ ɟɐɔɛŬ Űɖɠ ȸɧɟŮɘŬɠ 

ȷɜŬŰɞɚɑŬɠ. 
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ȺɘəɧɜŬ 4-4: ɇŮəŰɞɜɘəɧɠ ɢɎɟŰɖɠ ȷɜŬŰɞɚɘəɐɠ ȺɨɓɞɘŬɠ (Xypolias et al., 2003) 

ɆŰɖɜ ŮɘəɧɜŬ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ɛŮ Űɖ ɛɞɟűɐ ŰŮəŰɞɜɘəɞɨ ɢɎɟŰɖ ŰŬ ɓŬůɘəɧŰŮɟŬ ɟɐɔɛŬŰŬ Űɖɠ 

ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ȺɨɓɞɘŬɠ. ɆŰɞ ŭɡŰɘəɧ Ɏəɟɞ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŭɘŬəɟɑɜŮɘ Űɖɜ 

Ůˊɩɗɖůɖ Űɖɠ Ⱦɨɛɖɠ ˊɞɡ ˊɟɞəŬɚŮɑ əŬŰŬəɧɟɡűɖ ŬůɡɜɏɢŮɘŬ. Ⱥˊɘˊɚɏɞɜ, ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ 

ŬˊɞŰɏɚŮůɛŬ ɖűŬɘůŰŮɘŬəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ əŬɘ ŭɘŮɑůŭɡůɖɠ ɖűŬɘůŰŮɘŬəɞɨ ɡɚɘəɞɨ ˊɞɡ ůɖɛɎɜŮɘ 

Űɖɜ ɏɜŬɟɝɖ Ůˊɘɛɐəɡɜůɖɠ Űɖɠ ɚŮəɎɜɖɠ , ɛŮ ůɡɜɞɚɘəɐ ɏɜŰɞɜɖ ŬɚɚŬɔɐ ůɢɐɛŬŰɞɠ Űɖɠ ɚŮəɎɜɖɠ ɚɧɔɤ 

Űɖɠ ˊŬɟɞɡůɑŬɠ ɟɖɔɛɎŰɤɜ. 

ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ Ůűɧůɞɜ ŮůŰɘɎɕɞɡɛŮ ůŮ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ ŬɝɑɕŮɘ ɜŬ ŮůŰɘɎůɞɡɛŮ 

ůŰɖɜ ŬɜɩŰŮɟɖ ůŮɘɟɎ ɜŮɞɔŮɜɩɜ ɘɕɖɛɎŰɤɜ. ɆŮ ŬɡŰɧ Űɞ ŮˊɑˊŮŭɞ, ɖ ɔŮɤɚɞɔɑŬ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ 

ŬůɓŮůŰɞɚɘɗɘəɏɠ ɛɎɟɔŮɠ Ŭɡɝɖɛɏɜɖɠ ůəɚɖɟɧŰɖŰŬɠ ɛŮ ůŰɟɤɛŬŰɤůɖ ɛŬɟɔŬɥəɩɜ ŬůɓŮůŰɧɚɘɗɤɜ 

ˊɞɡ əŬŰɎ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡɠ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŮɑŰŮ ŬɜɞɘɢŰɧŰŮűɟŮɠ ŮɑŰŮ 

ɡˊɧɚŮɡəŮɠ ɛɎɟɔŮɠ, Ůɜɩ ůŮ ɞɟɘůɛɏɜŬ ůɖɛŮɑŬ ůɡɜŬɜŰɩɜŰŬɘ ŰɏűɟŮɠ Ŭˊɧ Ŭɟɔɑɚɞɡɠ, ɣŬɛɛɑŰŮɠ ɐ 

ɣɖűɘŭɞˊŬɔɐ. ȺɑɜŬɘ ůɡɢɜɧɠ ɛŮɔɎɚɞɡ ɓŬɗɛɞɨ əŮɟɛŬŰɘůɛɧɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ůŮ ůɡɔəŮəɟɘɛɏɜŬ 

ůɖɛŮɑŬ ŮɜŰɞˊɑɕŮŰŬɘ ŬůɡɜɐɗɘůŰŬ ɛŮɔŬɚɞɡ ˊɎɢɞɡɠ ŭɘŬŰŬɟŬɔɛɏɜɖ ɕɩɜɖ. ɆŰɞ ŬɜɩŰŮɟɞ ŰɛɐɛŬ Űɖɠ 
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ůŮɘɟɎɠ ŮəűɨɞɜŰŬɘ ŭɘŬűɧɟɤɜ Űɨˊɤɜ əɟɞəŬɚɞˊŬɔɐ ɛŮ ɛɏɔɘůŰɞ ˊɎɢɞɠ ŰŬ 30 m, ůɡɜɐɗɤɠ ůŮ 

əɞɟɡűɏɠ ŮɝɎɟůŮɤɜ Űɨˊɞɡ ɚɧűɞɡ ɛŮ ɟɧɚɞ əŬɚɡɛɛɎŰɤɜ, ůŮ ɛŮɔŬɚɨŰŮɟɖ ůɡɢɜɧŰɖŰŬ ůŰŬ ɜɧŰɘŬ 

Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɏɟŮɡɜŬɠ (ȼɚɑŬ, 2013). 

əɘŰɟɘɜɞ

 
ȺɘəɧɜŬ 4-5: ɇŮɢɜɘəɞɔŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ (ȼɚɑŬ, 2013) 

ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, Ůűɧůɞɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŭɘŮɜŮɟɔŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ, 

əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑɞ ɜŬ ůɡɜɡˊɞɚɞɔɘůŰɞɨɜ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ 

ˊŮɟɘɞɢɐ, ɞɘ ɞˊɞɑŮɠ ŮˊɖɟŮɎɕɞɡɜ ůɡɢɜɎ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Ůˊɑůɖɛɞ ɓɟɞɢɞɛŮŰɟɘəɧ ɢɎɟŰɖ Űɞɡ ȽũɀȺ (1993), ɖ ˊŮɟɘɞɢɐ Űɖɠ Ⱦɨɛɖɠ 

ˊŬɟɞɡůɘɎɕŮɘ ŬɟəŮŰɎ ůɡɢɜɏɠ əŬɘ ŬɟəŮŰɎ ɘůɢɡɟɏɠ ɓɟɞɢɞˊŰɩůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ Ůɚɚɖɜɘəɧ ɛɏůɞ 

ɧɟɞ.ȷɡŰɧ ŬɡŰɞɛɎŰɤɠ ůɖɛŬɑɜŮɘ ɞŰɘ ɛŮɔɎɚɖ ɛŮɟɑŭŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ əŬŰɎ Űɞɡɠ 

ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ ɗŬ ŮɑɜŬɘ ŬɜŬɝɘɧˊɘůŰŬ əŬɘ ɗŬ ˊɟɏˊŮɘ ɜŬ Ŭˊɞɟɟɘűɗɞɨɜ ɚɧɔɤ ɏɜŰɞɜɖɠ 

ůɡɜɜŮűɞəɎɚɡɣɖɠ əŬɘ ɛŮŰŬɓɞɚɐɠ ŬɜŬəɚŬůŰɘəɞɨ űɎůɛŬŰɞɠ.  
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ȺɘəɧɜŬ 4-6: Ⱥˊɑůɖɛɞɠ ɓɟɞɢɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ȺɚɚɎŭŬɠ, ɛŮ ˊɟɞůɗɐəɖ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ Ⱦɨɛɖɠ 

(ȽũɀȺ, 1993) 

ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, Ŭˊɧ ɏɟŮɡɜŬ ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŮ ɛŮ ůəɞˊɧ Űɖɜ əŬŰɎŰŬɝɖ Űɤɜ ˊŮɟɘɞɢɩɜ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɏɜŰɞɜŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ əŬŰŬ Űɞɡɠ ɗŮɟɘɜɞɨɠ ɛɐɜŮɠ, ŬˊɞŭŮɘəɜɨŮŰŬɘ ɓɎůŮɘ Űɤɜ 

ɓɟɞɢɞɛŮŰɟɘəɩɜ ůŰŬɗɛɩɜ ɞŰɘ ɖ ˊŮɟɘɞɢɐ Űɖɠ Ⱦɨɛɖɠ ŮɑɢŮ əŬɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ əŬɘ ŰŬ ɘůɢɡɟɧŰŮɟŬ 

űŬɘɜɧɛŮɜŬ (ɄɚɎəŬ, 2006). 
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ȺɘəɧɜŬ 4-7: ɅŬɓŭɧɔɟŬɛɛŬ ˊɚɐɗɞɡɠ əŬɚɞəŬɘɟɘɜɩɜ ɘůɢɡɟɩɜ ɓɟɞɢɞˊŰɩůŮɤɜ (ɄɚɎəŬ, 2006) 

Ⱥˊɞɛɏɜɤɠ, əŬŰɎ Űɖɜ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɞűŮɑɚɞɡɛŮ ɜŬ ɚɎɓɞɡɛŮ Űɞɡɠ 

ŬˊŬɟŬɑŰɖŰɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɩůŰŮ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɖ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰɎ Űɞɡɠ ůŮ ɢɟɐůɘɛɖ ˊɚɖɟɞűɞɟɑŬ. 

 ȹɘŬɛɧɟűɤůɖ ɄŬɟŬɛɏŰɟɤɜ ȷɜɎɚɡůɖɠ 

 

ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ŰŮɚɘəɞɨ ɢŬɟŰɞɔɟŬűɘəɞɨ ˊɟɞɥɧɜŰɞɠ ŮűŬɟɛɧůŰɖəŬɜ ŰɏůůŮɟɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ, əŬɗŮɛɑŬ ůŮ ɝŮɢɤɟɘůŰɐ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ. Ƀɘ 

ˊɟɞůŮɔɔɑůŮɘɠ ŬɡŰɏɠ ˊŮɟɘɚɎɛɓŬɜŬɜ: 

¶ Űɞɜ ɓŬůɘəɧ Ŭɚɔɧɟɘɗɛɞ Random Forest, 

¶ ŰŬ Gradient Boosted Trees, ŰŬ ɞˊɞɑŬ Ůɜɘůɢɨɞɡɜ ůŰŬŭɘŬəɎ Űɖɜ ŬəɟɑɓŮɘŬ ɛɏůɤ 

ůɡɜŭɡŬůɛɞɨ ŬŭɨɜŬɛɤɜ ɛɞɜŰɏɚɤɜ, 

¶ ɏɜŬ ɛɞɜŰɏɚɞ ɓŬůɘůɛɏɜɞ ůŮ CARTs, ɧˊɞɡ əɎɗŮ əɧɛɓɞɠ ŭɘŬɘɟŮɑŰŬɘ ůŮ ŭɨɞ ɡˊɞəɧɛɓɞɡɠ 

ɏɤɠ ɧŰɞɡ ɖ ŬɓŮɓŬɘɧŰɖŰŬ ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ, 

¶ əŬɘ ɏɜŬ Stacked ɛɞɜŰɏɚɞ ˊɞɡ ůɡɜŭɡɎɕŮɘ əŬɘ ɓŮɚŰɘůŰɞˊɞɘŮɑ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ Űɤɜ Űɟɘɩɜ 

ˊɟɞɖɔɞɨɛŮɜɤɜ. 

ȼ ŮəˊŬɑŭŮɡůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ɓŬůɑůŰɖəŮ ůŰɞɜ ɚɘɗɞɚɞɔɘəɧ ɢɎɟŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ɞ ɞˊɞɑɞɠ ˊɟɞɐɚɗŮ 

Ŭˊɧ Űɞɜ ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɧ ɢɎɟŰɖ Űɖɠ ȼɚɑŬ (2013) əŬɘ ɗŮɤɟɐɗɖəŮ ɤɠ ɏɔəɡɟɖ çŬˊɧɚɡŰɖ 

ŬɚɐɗŮɘŬè. ȸŬůɘəɧɠ ůŰɧɢɞɠ ɐŰŬɜ ɖ ˊŬɟŬɔɤɔɐ ɔŮɤɚɞɔɘəɩɜ ŬˊŮɘəɞɜɑůŮɤɜ ɡɣɖɚɧŰŮɟɖɠ ŬɜɎɚɡůɖɠ 
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əŬɘ ɚŮˊŰɞɛɏɟŮɘŬɠ, ŬˊɞŭɑŭɞɜŰŬɠ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ ŰŬ ɔŮɤɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ 

ŮˊɘɚŮɔɛɏɜɖɠ ˊŮɟɘɞɢɐɠ. 

ȾɎɗŮ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ əɎɚɡˊŰŮ ɏəŰŬůɖ ˊŮɟɑˊɞɡ 10 kmĮ ŮɑŰŮ 5 km2. ȼ Ůˊɘɚɞɔɐ Űɞɡɠ ɏɔɘɜŮ ɛŮ 

ɔɜɩɛɞɜŬ Űɖɜ ŬɜŰɘˊɟɞůɩˊŮɡůɖ ɧɚɤɜ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ, 

əŬɗɩɠ əŬɘ Űɖ ŭɘŬůűɎɚɘůɖ ˊɞɘəɘɚɑŬɠ ůŰɞɜ Ŭɟɘɗɛɧ əŬɘ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ. 

ɆŮ ɧ,Űɘ ŬűɞɟɎ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, ůɡɜɞɚɘəɎ 39 əŬɜɎɚɘŬ ɞɘ ɞˊɞɑŮɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ (ɄɑɜŬəŬɠ 2). ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ŬɜɎɚɡůɖ 

ɓŬůɑůŰɖəŮ ůŮ ɏɜŬ ůɨɜɞɚɞ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊɞɘəɑɚŮɠ ŭɞɟɡűɞɟɘəɏɠ ˊɚŬŰűɧɟɛŮɠ 

əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ űŬůɛŬŰɘəɏɠ, ɢɤɟɘəɏɠ əŬɘ ůŰŬŰɘůŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ. ȺɘŭɘəɧŰŮɟŬ, Ŭˊɧ Űɞɜ 

ŭɞɟɡűɧɟɞ Sentinel-2 ŬɝɘɞˊɞɘɐɗɖəŬɜ ɞɘ űŬůɛŬŰɘəɏɠ ɕɩɜŮɠ S2_B2 (blue), S2_B3 (green), S2_B4 

(red), S2_B8 (near-infrared), S2_B11 əŬɘ S2_B12 (shortwave infrared). Ⱥˊɘˊɚɏɞɜ, 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ŭŮɑəŰŮɠ NDVI ï ŭŮɑəŰɖɠ űɡŰɘəɐɠ ɓɚɎůŰɖůɖɠ, ɛŮ Űɨˊɞ (S2_B8 ī 

S2_B4)/(S2_B8 + S2_B4) ï əŬɘ NDSI, ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɢɘɞɜɘɞɨ ɐ 

ɔɡɛɜɩɜ/Ɏɔɞɜɤɜ/ɝɖɟɩɜ ŮˊɘűŬɜŮɘɩɜ, ɛŮ Űɨˊɞ (S2_B11 ī S2_B3)/(S2_B11 + S2_B3) (Huete et 

al., 2002; Hall et al., 1995). 

ȷɜŰɑůŰɞɘɢŬ, Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ Landsat-8 ŬɝɘɞˊɞɘɐɗɖəŬɜ ɞɘ ɕɩɜŮɠ L8_B2 ɏɤɠ L8_B7, əŬɗɩɠ 

əŬɘ Ůɘŭɘəɞɑ űŬůɛŬŰɘəɞɑ ŭŮɑəŰŮɠ, ɧˊɤɠ: 

¶ Clay Index (L8_B6 / L8_B7) ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Ŭɟɔɘɚɘəɩɜ ɡɚɘəɩɜ, 

¶ Ferrous Index (L8_B6 / L8_B5) ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ůɘŭɖɟɞɨɢɤɜ ɞɝŮɘŭɑɤɜ, 

¶ Quartz Index (L8_B6 / L8_B7) ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ɢŬɚŬɕɑŬ, 

¶ Brightness Index, ɞ ɞˊɞɑɞɠ ŮəűɟɎɕŮɘ Űɖ űɤŰŮɘɜɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɤɠ ɖ ŰŮŰɟŬɔɤɜɘəɐ 

ɟɑɕŬ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɤɜ L8_B4 əŬɘ L8_B5 (Crosta & Moore, 1989; 

Chavez, 1996). 

ȷˊɧ Űɞ ɟŬɜŰɎɟ ALOS PALSAR ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɞˊɘůɗɞůəɏŭŬůɖɠ HH əŬɘ 

HV, əŬɗɩɠ əŬɘ ɞ ɚɧɔɞɠ HH/HV, ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ŭɘŬəɟɘŰɩɜ ɡűɩɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ. Ⱥˊɘˊɚɏɞɜ, 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɡűɏɠ GLCM (Gray Level Co-occurrence Matrix) ɧˊɤɠ ŬɜŰɑɗŮůɖ, ŮɜŰɟɞˊɑŬ, 

IDM (inverse difference moment), ŬůɡɜɏˊŮɘŬ əŬɘ ASM (angular second moment) Ŭˊɧ Űɖ ɕɩɜɖ 

HH (Haralick et al., 1973). 

ȷɜŰɑůŰɞɘɢŬ, Ŭˊɧ Űɞ ɟŬɜŰɎɟ Sentinel-1 ŬɝɘɞˊɞɘɐɗɖəŬɜ ɞɘ ɕɩɜŮɠ VV əŬɘ VH, əŬɗɩɠ əŬɘ ɞ ɚɧɔɞɠ 

VV/VH, ɛŬɕɑ ɛŮ Űɘɠ ɡűɏɠ GLCM Ŭˊɧ Űɖ VV ɕɩɜɖ. 
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ũɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ əŬɘ Űɖ ɛŮɑɤůɖ Űɞɡ ɗɞɟɨɓɞɡ, ŮűŬɟɛɧůŰɖəŮ ŬɜɎɚɡůɖ əɨɟɘɤɜ 

ůɡɜɘůŰɤůɩɜ (PCA), ɛŮ ɢɟɐůɖ Űɤɜ ˊɟɩŰɤɜ Űɟɘɩɜ ůɡɜɘůŰɤůɩɜ (pc0, pc1, pc2), əŬɗɩɠ əŬɘ ɖ 

ŰŮɢɜɘəɐ Minimum Noise Fraction (MNF), ɛŮ ůɡɜɘůŰɩůŮɠ (MNF1, MNF2, MNF3), ˊɞɡ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ Ŭˊɞɛɧɜɤůɖ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (Green et al., 1988). 

ɄɑɜŬəŬɠ 4-2: ɄŮɟɘɔɟŬűɐ Űɤɜ ŰɖɚŮˊɘůəɞˊɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ŭŮɘəŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖ 

ɢŬɟŰɞɔɟɎűɖůɖ 

 

Category Band / Index Name Description / Formula 

Sentinel-2 
Indices 

S2_B2, S2_B3, S2_B4, S2_B8, S2_B11, 

S2_B12 

Raw bands 

 
NDVI (S2_B8 - S2_B4) / 

(S2_B8 + S2_B4)  
NDSI (S2_B11 - S2_B3) / 

(S2_B11 + S2_B3) 

Landsat-8 
Indices 

L8_B2, L8_B3, L8_B4, L8_B5, L8_B6, 

L8_B7 

Raw bands 

 
Clay_Index L8_B6 / L8_B7  
Ferrous_Index L8_B6 / L8_B5  
Quartz_Index L8_B6 / L8_B7  
Brightness sqrt((L8_B4Į + L8_B5Į) / 

2) 

ALOS PALSAR 
(SAR) 

HH, HV Backscatter bands 

 
HH_HV_Ratio HH / HV  
HH_Contrast, HH_Entropy, HH_IDM, 

HH_Dissimilarity, HH_ASM 

GLCM textures from HH 

Sentinel-1 
(SAR) 

VV, VH Backscatter bands 

 
VV_VH VV / VH  
GLCM_Contrast, GLCM_Entropy, 

GLCM_Dissimilarity, GLCM_ASM, 

GLCM_IDM 

GLCM textures from VV 

PCA 
Components 

pc0, pc1, pc2 Principal Components 

from feature stack 

Simulated 
MNF 

MNF1, MNF2, MNF3 Simulated Minimum 

Noise Fraction 

components 

 

 

ɆŰɞ ɢɎɟŰɖ ˊɞɡ ŬəɞɚɞɡɗŮɑ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ɧˊɞɡ ŬˊɞŰɡˊɩɜŮŰŬɘ ɖ 

ŰŮɢɜɘəɞɔŮɤɚɞɔɘəɐ ŭɘɎəɟɘůɖ Űɤɜ ŭɘŬűɧɟɤɜ əɨɟɘɤɜ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ əŬɘ ˊɤɠ ŬɡŰɏɠ 

ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɖ ˊɚŬŰűɧɟɛŬ GEE.    
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5 ȷɄɃɇȺȿȺɆɀȷɇȷ ȾȷȽ ɆɈȻȼɇȼɆȼ 

 Ɇɨɔəɟɘůɖ ŬˊɞŭɧůŮɤɜ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɜŰɏɚɤɜ  

 

ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ȹȺ ŬɝɘɞɚɞɔɐɗɖəŬɜ 3 ˊŮɟɘɞɢɏɠ ɛŮ ŮűŬɟɛɞɔɐ Űɤɜ ɛɞɜŰɏɚɤɜ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɞˊɞɑɤɜ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ 

əŮűɎɚŬɘɞ.  

 

ɄȺɅȽɃɉȼ 1  

 

ũɘŬ Űɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɖ ɞˊɞɑŬ ŮəŰŮɑɜŮŰŬɘ ůŮ 10 kmĮ, ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɏɜŰŮ ŭɘŬəɟɘŰɏɠ 

ɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ: 

¶ ȺɜɧŰɖŰŬ 1 ï ȹɘɚɞɡɓɘŬəɏɠ ȷˊɞɗɏůŮɘɠ (ɚŬŭɑ): ɄɟɧůűŬŰŬ, ɢŬɚŬɟɐɠ ůɡɜɞɢɐɠ ɡɚɘəɎ ˊɞɡ 

ɏɢɞɡɜ ɛŮŰŬűŮɟɗŮɑ Ŭˊɧ ɓŬɟɨŰɖŰŬ əŬɘ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ, ŮɜŰɞˊɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ 

əɞɘɚɎŭŮɠ əŬɘ ɢŬɛɖɚɎ ɡɣɧɛŮŰɟŬ. 

¶ ȺɜɧŰɖŰŬ 2 ï ȾɡŬɜɧŰŮűɟŮɠ ɀɎɟɔŮɠ ɛŮ ȾɟɞəŬɚɞˊŬɔɐ (ɛˊɚŮ): ȺəŰŮɑɜŮŰŬɘ ůŰɖɜ 

ŬɜŬŰɞɚɘəɐ ˊŮɟɘɞɢɐ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɘɕɐɛŬŰŬ ɛŮ ŮɜŬɚɚŬɔɏɠ ɚŮˊŰɐɠ əŬɘ ɛɏůɖɠ 

əɞəəɞɛŮŰɟɑŬɠ. 

¶ ȺɜɧŰɖŰŬ 3 ï ȾɟɞəŬɚɞˊŬɔɐ ȸɎůɖɠ (əŮɟŬɛɘŭɑ): ȺɛűŬɜɑɕɞɜŰŬɘ əŬŰɎ ɗɏůŮɘɠ ůŰŬ 

ŬɜŬŰɞɚɘəɎ, ůɢɖɛŬŰɑɕɞɜŰŬɠ Űɖ ɓɎůɖ Űɞɡ ɘɕɖɛŬŰɞɔŮɜɞɨɠ ˊŬəɏŰɞɡ.  

¶ ȺɜɧŰɖŰŬ 4 ï ūɚɨůɢɖɠ (ˊɟɎůɘɜɞ): ȺɜŰɞˊɑɕŮŰŬɘ ůŰŬ ŬɜŬŰɞɚɘəɎ əŬɘ ɓɧɟŮɘŬ. 

ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ ɣŬɛɛɘŰɩɜ əŬɘ ŬɟɔɘɚɞɛŬɟɔɩɜ. 

¶ ȺɜɧŰɖŰŬ 5 ï ȷɜɗɟŬəɘəɞɑ ɆɢɖɛŬŰɘůɛɞɑ ɀŮůɞɕɤɘəɞɨ (əŬűɏ): ȾŬŰŬɚŬɛɓɎɜŮɘ ɛɏɟɞɠ 

Űɤɜ ŭɡŰɘəɩɜ ɞɟɑɤɜ, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ŬůɓŮůŰɧɚɘɗɞɡɠ. 
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ȺɘəɧɜŬ 5-1: ȳɟɘɞ ɀŮɚɏŰɖɠ Űɖɠ ɄɟɩŰɖɠ ɄŮɟɘɞɢɐɠ  

  

ɆŮ ɧ,Űɘ ŬűɞɟɎ Űɘɠ Ůˊɘɛɏɟɞɡɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ ɞ ŭŮɑəŰɖɠ 

ɓɚɎůŰɖůɖɠ NDVI ˊŬɟɞɡůɑŬůŮ ŬɡɝɖɛɏɜŮɠ Űɘɛɏɠ əɡɟɑɤɠ ůŰɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ əŬŰŬɚŬɛɓɎɜɞɡɜ 

ɜŮɧŰŮɟŮɠ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ (ȺɜɧŰɖŰŬ 1) əŬɘ, ŭŮɡŰŮɟŮɡɧɜŰɤɠ, ůŰɘɠ ɛɎɟɔŮɠ (ȺɜɧŰɖŰŬ 2). ɇɞ 

űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ůŰɖ ɛŮɔŬɚɨŰŮɟɖ ɔɞɜɘɛɧŰɖŰŬ əŬɘ ɡɔɟŬůɑŬ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ 
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ŮŭŬűɩɜ, ˊɞɡ Ůɡɜɞɞɨɜ Űɖɜ ŬɜɎˊŰɡɝɖ ɓɚɎůŰɖůɖɠ. ȷɜŰɑɗŮŰŬ, ůŮ ŮɜɧŰɖŰŮɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ůəɚɖɟɎ ɐ ɎɔɞɜŬ ˊŮŰɟɩɛŬŰŬ, ɧˊɤɠ ɖ ŮɜɧŰɖŰŬ əɟɞəŬɚɞˊŬɔɞɨɠ ɓɎůɖɠ əŬɘ ɞɘ ŬɜɗɟŬəɘəɞɑ 

ůɢɖɛŬŰɘůɛɞɑ, ɞɘ Űɘɛɏɠ NDVI ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɢŬɛɖɚɧŰŮɟŮɠ, ŮɝŬɘŰɑŬ Űɖɠ ɢŬɛɖɚɐɠ űɡŰɞəɎɚɡɣɖɠ. 

Ƀ ŭŮɑəŰɖɠ NDSI, ɔɜɤůŰɧɠ ɔɘŬ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ ŭɘŬəɟɑɜŮɘ ɡɔɟɏɠ ɐ ɣɡɢɟɏɠ ŮˊɘűɎɜŮɘŮɠ, 

ŭɘŬűɞɟɞˊɞɘŮɑ ŮˊŬɟəɩɠ Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ɛɎɟɔŮɠ əŬɘ ŬˊɞɗɏůŮɘɠ ɡɣɖɚɐɠ Ŭɟɔɘɚɘəɐɠ ůɨůŰŬůɖɠ. Ƀɘ 

ŮɜɧŰɖŰŮɠ ŬɡŰɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ Ŭɡɝɖɛɏɜɖ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ůŰɞ ɛŮůŬɑɞ ɡˊɏɟɡɗɟɞ, ɔŮɔɞɜɧɠ ˊɞɡ 

ŬˊɞŰɡˊɩɜŮŰŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ. 

Ƀ ŭŮɑəŰɖɠ Clay Index (L8_B6/L8_B7) ŮɜɑůɢɡůŮ Űɖ ɢŬɟŰɞɔɟŬűɘəɐ ŭɘŬəɟɘŰɧŰɖŰŬ ˊŮɟɘɞɢɩɜ ɛŮ 

ɏɜŰɞɜɖ ˊŬɟɞɡůɑŬ Ŭɟɔɘɚɘəɩɜ ɡɚɘəɩɜ, ɧˊɤɠ ɞɘ ɛɎɟɔŮɠ əŬɘ ɞɘ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ Űɤɜ 

ȺɜɞŰɐŰɤɜ 1 əŬɘ 2. Ƀɘ ɡɣɖɚɏɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ ŬˊɞŰɡˊɩɜɞɡɜ ɛŮ ɢɟɤɛŬŰɘəɐ ŬɜŰɑɗŮůɖ Űɘɠ 

ɚɘɗɞɚɞɔɑŮɠ ŬɡŰɏɠ, ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɖɜ ɨˊŬɟɝɖ ɛŬɚŬəɧŰŮɟɤɜ əŬɘ ɚŮˊŰɧəɞəəɤɜ ɘɕɖɛɎŰɤɜ. 

ȷɜŰɑůŰɞɘɢŬ, ɞ ŭŮɑəŰɖɠ Ferrous Index (L8_B6/L8_B5) ŬɜɏŭŮɘɝŮ ˊŮɟɘɞɢɏɠ ɛŮ Ŭɡɝɖɛɏɜɖ 

ůɡɔəɏɜŰɟɤůɖ ůɘŭɖɟɞɨɢɤɜ ɡɚɘəɩɜ ɐ ŮˊɘűŬɜŮɘŬəɏɠ ɞɝŮɘŭɩůŮɘɠ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ 

ˊŬɟŬŰɖɟŮɑŰŬɘ əɡɟɑɤɠ ůŮ ɚɘɗɞɚɞɔɑŮɠ ɘɕɖɛŬŰɞɔŮɜɞɨɠ ɐ ɖűŬɘůŰŮɘŬəɐɠ ˊɟɞɏɚŮɡůɖɠ, ɧˊɤɠ ɖ 

ŮɜɧŰɖŰŬ Űɞɡ əɟɞəŬɚɞˊŬɔɞɨɠ ɓɎůɖɠ əŬɘ, ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ůŰɞɡɠ ŬɜɗɟŬəɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ. 

Ƀ ŭŮɑəŰɖɠ Quartz Index (Ůˊɑůɖɠ L8_B6/L8_B7), ɏŭŮɘɝŮ ɡɣɖɚɏɠ Űɘɛɏɠ ůŮ ŮɜɧŰɖŰŮɠ ˊɚɞɨůɘŮɠ ůŮ 

əɚŬůŰɘəɎ ɡɚɘəɎ ɧˊɤɠ ɞɘ ɣŬɛɛɑŰŮɠ, ɡˊɞŭɖɚɩɜɞɜŰŬɠ ůɖɛŬɜŰɘəɐ ˊŬɟɞɡůɑŬ ɢŬɚŬɕɑŬ. ȼ 

ɢŬɟŰɞɔɟŬűɘəɐ ůɡůɢɏŰɘůɖ Űɞɡ ŭŮɑəŰɖ ŬɡŰɞɨ ŮɑɜŬɘ ŮɛűŬɜɐɠ ůŮ ɛɎɟɔŮɠ ɛŮ ɘɕɖɛŬŰɞɔŮɜɐ 

ŮɜůűɐɛŬŰŬ əŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ŰɛɐɛŬŰŬ Űɖɠ əɟɞəŬɚɞˊŬɔɞɨɠ ɓɎůɖɠ. 

ȼ ɛŮŰŬɓɚɖŰɐ Brightness, ɤɠ ɛɏŰɟɞ Űɖɠ ůɡɜɞɚɘəɐɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, 

ůɡůɢŮŰɑůŰɖəŮ ɛŮ Űɖ ɢɟɤɛŬŰɘəɐ əŬɘ ɞɟɡəŰɞɚɞɔɘəɐ ůɨůŰŬůɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ. Ɉɣɖɚɏɠ Űɘɛɏɠ 

űɤŰŮɘɜɧŰɖŰŬɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ŬɜɞɘɢŰɎ ɢɟɩɛŬŰŬ ˊŮŰɟɩɛŬŰŬ, ɧˊɤɠ ɞɘ ŬɚɚɞɡɓɘŬəɏɠ 

ŬˊɞɗɏůŮɘɠ əŬɘ ɞɘ ŬůɓŮůŰɧɚɘɗɞɘ, Ůɜɩ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŮ ůəɞɡɟɧŰŮɟŬ 

ɢɟɤɛŬŰɘəɎ ˊŮŰɟɩɛŬŰŬ. 
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ȺɘəɧɜŬ 5-2: ɉɎɟŰŮɠ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮɘəŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ Űɖɠ 

ɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ Űɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ. ȷˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ əŬɘ Ŭˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ 
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Clay Index Ferrous Index 
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ŭŮɝɘɎ: NDVI (ȹŮɑəŰɖɠ ūɡŰɘəɐɠ ȸɚɎůŰɖůɖɠ), NDSI (ȹŮɑəŰɖɠ ȹɘŬɢɤɟɘůɛɞɨ ɉɘɞɜɘɞɨ/ũɡɛɜɩɜ 

ȺˊɘűŬɜŮɘɩɜ), Clay Index (ȹŮɑəŰɖɠ ȷɟɔɘɚɘəɩɜ Ɉɚɘəɩɜ), Ferrous Index (ȹŮɑəŰɖɠ Ɇɘŭɖɟɞɨɢɤɜ 

ɃɝŮɘŭɑɤɜ), Quartz Index (ȹŮɑəŰɖɠ ɉŬɚŬɕɑŬ) əŬɘ Brightness (ūɤŰŮɘɜɧŰɖŰŬ ȺˊɘűɎɜŮɘŬɠ). 

 

ũɘŬ Űɖɜ ˊŮɟɘɞɢɐ 1, ŮűŬɟɛɧůŰɖəŮ ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɡˊŮɟˊŬɟŬɛɏŰɟɤɜ 

(hyperparameter tuning) ůŰɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ GTB əŬɘ RF, ɛŮ ɏɛűŬůɖ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɏɜŰɟɤɜ 

(number of trees) ɤɠ əɨɟɘɞ ˊŬɟɎɔɞɜŰŬ ɟɨɗɛɘůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ŮˊɑŭɟŬůɐ Űɞɡ 

ůŰɖɜ ŰŮɚɘəɐ ŬəɟɑɓŮɘŬ ŰŬɝɘɜɧɛɖůɖɠ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ GTB, ˊŬɟŬŰɖɟŮɑŰŬɘ ůŬűɐɠ Ŭɨɝɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ŭɏɜŰɟɤɜ: Ŭˊɧ ˊŮɟɑˊɞɡ 91,8% ůŰŬ 50 ŭɏɜŰɟŬ, ɖ ŬəɟɑɓŮɘŬ űŰɎɜŮɘ əŬɘ ɝŮˊŮɟɜɎ Űɞ 

93,1% ůŰŬ 300 ŭɏɜŰɟŬ. ȼ ɓŮɚŰɑɤůɖ ŬɡŰɐ, ɤůŰɧůɞ, űŬɑɜŮŰŬɘ ɜŬ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ ɛŮŰɎ ŰŬ 200 

ŭɏɜŰɟŬ, ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɏɜŬ ůɖɛŮɑɞ əɞɟŮůɛɞɨ, ˊɏɟŬ Ŭˊɧ Űɞ ɞˊɞɑɞ ŰŬ Ůˊɘˊɚɏɞɜ ŭɏɜŰɟŬ 

ˊɟɞůűɏɟɞɡɜ ɞɟɘŬəɎ ɞűɏɚɖ, ɛŮ ŬɜŰɘůŰɎɗɛɘůɛŬ Űɖɜ Ŭɡɝɖɛɏɜɖ ɡˊɞɚɞɔɘůŰɘəɐ ŮˊɘɓɎɟɡɜůɖ. ȼ 

ůɡɜɞɚɘəɐ ŮɘəɧɜŬ əŬŰŬŭŮɘəɜɨŮɘ ɧŰɘ ɞ GTB ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞɠ ůŰɖɜ Ůˊɘɚɞɔɐ Űɞɡ Ŭɟɘɗɛɞɨ ŭɏɜŰɟɤɜ 

əŬɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ɡɣɖɚɧŰŮɟɖ ŬəɟɑɓŮɘŬ Ŭˊɧ Űɞɜ RF, ɧŰŬɜ ɟɡɗɛɘůŰŮɑ ůɤůŰɎ. 

ȷɜŰɑůŰɞɘɢŬ, ɞ RF ŮɛűŬɜɑɕŮɘ Ůˊɑůɖɠ ɓŮɚŰɑɤůɖ ůŰɖɜ ŬəɟɑɓŮɘŬ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ŭɏɜŰɟɤɜ, ŬɚɚɎ 

ɛŮ ɖˊɘɧŰŮɟɖ ŭɘŬəɨɛŬɜůɖ. ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ 90,6% ůŰŬ 50 ŭɏɜŰɟŬ, űŰɎɜŮɘ ɏɤɠ 91,05% ůŰŬ 250 

ŭɏɜŰɟŬ, Ůɜɩ ůŰŬ 300 ŭɏɜŰɟŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ɛɘəɟɐ ɛŮɑɤůɖ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ 

ɞ RF ŮɑɜŬɘ ˊɘɞ ůŰŬɗŮɟɧɠ əŬɘ ɚɘɔɧŰŮɟɞ ŮˊɖɟŮŬɕɧɛŮɜɞɠ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɏɜŰɟɤɜ, Ŭɜ əŬɘ ɖ 

ɛɏɔɘůŰɖ ŬəɟɑɓŮɘɎ Űɞɡ ˊŬɟŬɛɏɜŮɘ ŮɚŬűɟɩɠ ɢŬɛɖɚɧŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐ Űɞɡ GTB. 

 
ȺɘəɧɜŬ 5-3: ũɟɎűɖɛŬ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ RF ɔɘŬ Űɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ 
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ȺɘəɧɜŬ 5-4: ũɟɎűɖɛŬ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ GTB ɔɘŬ Űɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ 

 

Ƀɘ ɢɎɟŰŮɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɤɜ ŰŮůůɎɟɤɜ 

ɛɞɜŰɏɚɤɜ əŬɘ Űɖɜ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬűɧɟɤɜ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ.  

ɇɞ ɛɞɜŰɏɚɞ CART, Ŭɜ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ˊɚŮɞɜŮəŰɐɛŬŰŬ ɤɠ ˊɟɞɠ Űɖɜ ŰŬɢɨŰɖŰŬ əŬɘ Űɖɜ ŬˊɚɧŰɖŰŬ 

ŮűŬɟɛɞɔɐɠ, ˊŬɟɎɔŮɘ ɢɎɟŰɖ ɢŬɛɖɚɐɠ ˊɞɘɧŰɖŰŬɠ, ɛŮ ɏɜŰɞɜɞ ɗɧɟɡɓɞ, ŬůɡɜɏˊŮɘŬ əŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɏɠ əɖɚɑŭŮɠ ŰŬɝɘɜɧɛɖůɖɠ, ɘŭɘŬɑŰŮɟŬ əɞɜŰɎ ůŰŬ ɧɟɘŬ ɛŮŰŬɝɨ ɔŮɤɚɞɔɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ. ȼ ˊŮɟɘɞɟɘůɛɏɜɖ ɢɤɟɘəɐ ůɡɜɏɢŮɘŬ əŬɘ ɖ ŮɛűɎɜɘůɖ əŬŰŬəŮɟɛŬŰɘůɛɏɜɤɜ ŮɜɧŰɖŰɤɜ 

Űɞ əŬɗɘůŰɞɨɜ ŬəŬŰɎɚɚɖɚɞ ɔɘŬ ŬɝɘɧˊɘůŰɖ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ. 

ȷɜŰɑɗŮŰŬ, Űɞ ɛɞɜŰɏɚɞ RF ŬˊɞŭɑŭŮɘ ůɖɛŬɜŰɘəɎ ɓŮɚŰɘɤɛɏɜɖ ŰŬɝɘɜɧɛɖůɖ, ɛŮ əŬɚɨŰŮɟɖ ɢɤɟɘəɐ 

ůɡɜɞɢɐ əŬɘ ˊɘɞ ɞɛɞɘɞɔŮɜɐ ŬˊɞŰɨˊɤůɖ Űɤɜ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɧŰɖŰɤɜ. ɄŬɟɎ ŰŬ ɗŮŰɘəɎ ŬɡŰɎ 

ůŰɞɘɢŮɑŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɡˊŮɟŮəŰɑɛɖůɖ Űɖɠ ɏəŰŬůɖɠ ůɡɔəŮəɟɘɛɏɜɤɜ ůɢɖɛŬŰɘůɛɩɜ, ɘŭɑɤɠ Űɤɜ 

ŬɚɚɞɡɓɘŬəɩɜ ŬˊɞɗɏůŮɤɜ, ɞŭɖɔɩɜŰŬɠ ůŮ ɡˊŮɟŰŬɝɘɜɧɛɖůɖ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɛɘəŰɏɠ ɐ ɛŮŰŬɓŬŰɘəɏɠ 

ɚɘɗɞɚɞɔɑŮɠ. 

ɇɞ ɛɞɜŰɏɚɞ GBT ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŬɜŰɘəɐ ŬɜŬɓɎɗɛɘůɖ Űɧůɞ ůŰɖ ɢɤɟɘəɐ ŮɡəɟɑɜŮɘŬ ɧůɞ əŬɘ ůŰɖ 

ɟŮŬɚɘůŰɘəɧŰɖŰŬ Űɖɠ ɔŮɤɚɞɔɘəɐɠ əŬŰŬɜɞɛɐɠ. ɇŬ ˊŬɟŬɔɧɛŮɜŬ ɧɟɘŬ ɛŮŰŬɝɨ ɚɘɗɞɚɞɔɘəɩɜ 

ŮɜɧŰɖŰɤɜ ŮɑɜŬɘ ɞɛŬɚɎ əŬɘ ɔŮɤɚɞɔɘəɎ ŰŮəɛɖɟɘɤɛɏɜŬ, ɘŭɘŬɑŰŮɟŬ ůŮ ɕɩɜŮɠ ɛŮŰɎɓŬůɖɠ, ɧˊɤɠ ŬɡŰɏɠ 

ɛŮŰŬɝɨ ɛŬɟɔɩɜ əŬɘ əɟɞəŬɚɞˊŬɔɩɜ ɐ űɚɨůɢɖ əŬɘ əɚŬůŰɘəɩɜ ŬˊɞɗɏůŮɤɜ. ȼ ŰŬɝɘɜɧɛɖůɖ Űɞɡ 

GBT ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ɚŮˊŰɞɛɏɟŮɘŬɠ əŬɘ ɔŮɜɑəŮɡůɖɠ, ɢɤɟɑɠ ɏɜŰɞɜŬ 

űŬɘɜɧɛŮɜŬ əŬŰŬəŮɟɛŬŰɘůɛɞɨ ɐ Ŭˊɚɞˊɞɑɖůɖɠ. 

ɇɏɚɞɠ, Űɞ Stacked Model, Űɞ ɞˊɞɑɞ ŮɜůɤɛŬŰɩɜŮɘ əŬɘ ůŰŬɗɛɑɕŮɘ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ Ŭˊɧ ŰŬ 

Ůˊɘɛɏɟɞɡɠ ɛɞɜŰɏɚŬ, ˊŬɟɎɔŮɘ Űɖɜ ˊɘɞ əŬɗŬɟɐ, ůɡɜŮˊɐ əŬɘ Ŭəɟɘɓɐ ɢŬɟŰɞɔɟɎűɖůɖ. Ƀɘ 
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ɚɘɗɞɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ɛŮ ɢɤɟɘəɐ ůɡɜɏɢŮɘŬ, ŰŬ ɧɟɘŬ ŮɛűŬɜɑɕɞɜŰŬɘ ŮɡŭɘɎəɟɘŰŬ 

əŬɘ ɔŮɤɚɞɔɘəɎ ŰŮəɛɖɟɘɤɛɏɜŬ, Ůɜɩ ɛŮɘɩɜɞɜŰŬɘ ŬɘůɗɖŰɎ ŰŬ űŬɘɜɧɛŮɜŬ ɗɞɟɨɓɞɡ ɐ ŰŮɢɜɖŰɩɜ 

ŭɘŬəɞˊɩɜ. ȼ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ Űɞɡ Stacked Model əŬɗɘůŰɎ Űɖ ɢŬɟŰɞɔɟɎűɖůɖ ˊɚɐɟɤɠ 

ůɡɛɓŬŰɐ ɛŮ Űɖ ɔŮɤɚɞɔɘəɐ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ˊɟɞůűɏɟɞɜŰŬɠ ɟŮŬɚɘůŰɘəɐ ŮɟɛɖɜŮɑŬ Űɤɜ 

ɚɘɗɞɚɞɔɘəɩɜ ɛŮŰŬɓɞɚɩɜ əŬɘ ŬɜŬɔɜɤɟɑůɘɛɖ ŭɞɛɐ ůŮ ˊŮɟɘɞɢɏɠ ůɨɜɗŮŰɖɠ ɔŮɤɚɞɔɑŬɠ. 

 

ȺɘəɧɜŬ 5-5: ɉŬɟŰɞɔɟŬűɘəɎ ɄɟɞɥɧɜŰŬ Űɤɜ ŰŮůůɎɟɤɜ ɛɞɜŰɏɚɤɜ ˊɟɧɓɚŮɣɖɠ ɔɘŬ Űɖɜ ˊɟɩŰɖ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ  

 

ũɘŬ Űɖ ůɨɔəɟɘůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ Confusion Matrix . ɇɞ 

Confusion Matrix, ŭɖɚŬŭɐ ɞ ˊɑɜŬəŬɠ ůɨɔɢɡůɖɠ ŮɑɜŬɘ ɏɜŬɠ ŭŮɑəŰɖɠ ɓɎůŮɘ Űɞɡ ɞˊɞɑɞɡ 

  

  
CART GBT 

  
RF Stacked Model 
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ŬɝɘɞɚɞɔŮɑŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮɘ əɎɗŮ ɛɞɜŰɏɚɞ ŮɑŰŮ əŬŰɎ Űɖɜ 

ŮəˊŬɑŭŮɡůɐ Űɞɡ ŮɑŰŮ əŬŰɎ Űɞ test . 

Ⱥűɧůɞɜ ɏɢŮɘ ɞɟɘůŰŮɑ Űɞ ɛɏɔɘůŰɞ ˊɚɐɗɞɠ əɚɎůŮɤɜ ˊɞɨ ŭɨɜŬɜŰŬɘ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ɞɘ 

ůɢɖɛŬŰɘůɛɞɑ ůŰɞɜ ˊɑɜŬəŬ ůɨɔɢɡůɖɠ əŬŰŬɔɟɎűŮŰŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ 

ŬɜŬɔɜɤɟɑůŰɖəŬɜ ɞɟɗɎ əŬɘ ŮˊŬɚɖɗŮɡɛɏɜŬ Ŭˊɞ Űɞ ůɨůŰɖɛŬ əŬɘ Űɞ ˊɚɐɗɞɠ ˊɞɡ ŰŬɝɘɜɞɛɐɗɖəŬɜ 

ůŰɞ ɑŭɘɞ əɚɎůɛŬ ŮůűŬɚɛɏɜŬ,ɏŰůɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ůŰɞɜ ɞˊɞɑɞ ɞɘ ŭɘŬɔɩɜɘŮɠ Űɘɛɏɠ 

ŮəűɟɎɕɞɡɜ Űɘɠ ůɤůŰɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ əŬɘ ɧɚŮɠ ɞɘ ɡˊɧɚɞɘˊŮɠ Űɘɠ ɚɎɗɞɠ. ɇɞ ˊɚɐɗɞɠ Űɤɜ ůɤůŰɎ 

ŰŬɝɘɜɞɛɖɛɏɜɤɜ ɤɠ ˊɞůɞůŰɧ Űɞɡ ůɡɜɧɚɞɡ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ŰŬ ɚɎɗɖ, ɞɟɑɕŮɘ Űɖɜ ŬəɟɑɓŮɘŬ 

Űɖɠ ɛŮɗɧŭɞɡ. ȾɎɗŮ ˊŮɟɘɞɢɐ ˊŬɟɞɡůɘɎɕŮɘ ŭɘŬűɞɟŮŰɘəɧ ˊɚɐɗɞɠ əɚŬůɛɎŰɤɜ əŬɘ ŭɘŬűɞɟŮŰɘəɐ 

ˊɞůɧůŰɤůɖ ůŰɞ əŬɗɏɜŬ, Ůˊɞɛɏɜɤɠ əɟɑɜŮŰŬɘ ŭɧəɘɛɞ ɜŬ ˊŬɟŬŰŮɗɞɨɜ ɞɘ ˊɑɜŬəŮɠ ůɨɔɢɡůɖɠ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ əŬŰŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ əŬɘ Űɖɜ ˊɟɧɓɚŮɣɖ əɎɗŮ ɛɞɜŰɏɚɞɡ ŬɜɎ ˊŮɟɘɞɢɐ, ɩůŰŮ ɜŬ 

ɛˊɞɟŮɑ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ˊɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ŬɜŬɚɞɔɘəɎ ɛŮ Űɖɜ ŮəɎůŰɞŰŮ 

ˊŮɟɘɞɢɐ. 

 
ȺɘəɧɜŬ 5-6: Random Forest train confusion matrix ˊŮɟɘɞɢɐ 1 
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ȺɘəɧɜŬ 5-7: Random Forest test confusion matrix ˊŮɟɘɞɢɖ 1 

 

 

 

 
 ȺɘəɧɜŬ 5-8:  Gradiend Boost Classification train ́Ůɟɘɞɢɐ 1 
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ȺɘəɧɜŬ 5-9: Gradiend Boost Classification test ˊŮɟɘɞɢɐ 1 

 

 

 

 
ȺɘəɧɜŬ 5-10: CARTs train ́ Ůɟɘɞɢɐ 1  



ȾȺūȷȿȷȽɃ 4 

71 

 
ȺɘəɧɜŬ 5-11: CARTs test ́ Ůɟɘɞɢɐ1 

 

 

 

 
ȺɘəɧɜŬ 5-12: Stacked Model train ́Ůɟɘɞɢɐ 1 
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ȺɘəɧɜŬ 5-13: Stacked Model test ́Ůɟɘɞɢɐ 1  

 

ũɘɎ Űɖɜ ɄŮɟɘɞɢɐ 1 ɓɎůŮɘ Űɤɜ ˊɘɜɎəɤɜ ůɨɔɢɡůɖɠ ˊɟɞəɨˊŰɞɡɜ ɞɘ Ůɝɐɠ ŬˊɞŭɧůŮɘɠ ˊɞɡ 

ŬˊɞŭɑŭɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ  

ɄɑɜŬəŬɠ 5-1: ȷˊɞŭɧůŮɘɠ ŬəɟɑɓŮɘŬɠ ɔɘŬ ɄŮɟɘɞɢɐ 1 
 

Random 

Forest 

Gradient 

Boost 

Classification And 

Regression Trees 

Stacked 

Model 

TRAIN 

Accuracy 

0.9984 0.9909 1.0000 0.9511 

TEST 

Accuracy 

0.8283 0.8384 0.7394 0.9461 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ˊɑɜŬəŬ ŬɜŬŭŮɘəɜɨɞɡɜ ůŬűŮɑɠ ŭɘŬűɞɟɏɠ ůŰɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬɘ Űɖɜ 

ɘəŬɜɧŰɖŰŬ ɔŮɜɑəŮɡůɖɠ Űɤɜ ŰŮůůɎɟɤɜ ŰŬɝɘɜɞɛɖŰɩɜ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ. Ƀ RF ˊŬɟɞɡůɘɎɕŮɘ 

ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ůŰɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ (0.9984), əɎŰɘ ˊɞɡ ŭŮɑɢɜŮɘ ɧŰɘ Űɞ ɛɞɜŰɏɚɞ 

ɏɢŮɘ ɛɎɗŮɘ ůɢŮŭɧɜ ŰɏɚŮɘŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɋůŰɧůɞ, ɖ ŬɘůɗɖŰɐ ˊŰɩůɖ ůŰɖɜ 

ŬəɟɑɓŮɘŬ ŭɞəɘɛɐɠ (0.8283) ɡˊɞŭɖɚɩɜŮɘ ɡˊŮɟˊɟɞůŬɟɛɞɔɐ (overfitting), ɔŮɔɞɜɧɠ ˊɞɡ ˊŮɟɘɞɟɑɕŮɘ 

Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ ŬˊɞŭɑŭŮɘ ŬɝɘɧˊɘůŰŬ ůŮ ɜɏŬ, ɎɔɜɤůŰŬ ŭŮɑɔɛŬŰŬ. 

ȷɜŰɑůŰɞɘɢŬ, Űɞ ɛɞɜŰɏɚɞ GBT ŮɛűŬɜɑɕŮɘ ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ, ɛŮ ŬəɟɑɓŮɘŬ ŮəˊŬɑŭŮɡůɖɠ 

0.9909 əŬɘ ŮɚŬűɟɩɠ ɓŮɚŰɘɤɛɏɜɖ ŬəɟɑɓŮɘŬ ůŰɞ ůɨɜɞɚɞ ŭɞəɘɛɐɠ (0.8384), ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ˊɘɞ 

ɐˊɘɞ overfitting əŬɘ əŬɚɨŰŮɟɖ ɘəŬɜɧŰɖŰŬ ɔŮɜɑəŮɡůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ RF. ȷˊɧ Űɖɜ Ɏɚɚɖ 
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ˊɚŮɡɟɎ, Űɞ CART, Ŭɜ əŬɘ űŰɎɜŮɘ Űɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ŬəɟɑɓŮɘŬ ŮəˊŬɑŭŮɡůɖɠ (1.000), ŮɛűŬɜɑɕŮɘ 

ůɖɛŬɜŰɘəɐ ˊŰɩůɖ ůŰɖɜ Ŭˊɧŭɞůɖ ůŰɞ test set (0.7394), ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ ɧŰɘ ŮɑɜŬɘ Űɞ ɚɘɔɧŰŮɟɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɛɞɜŰɏɚɞ Űɖɠ ůɨɔəɟɘůɖɠ, ɛŮ ɏɜŰɞɜɖ ɡˊŮɟŮəˊŬɑŭŮɡůɖ əŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ 

ŭɡɜŬŰɧŰɖŰŬ ɔŮɜɑəŮɡůɖɠ.  

ȷɜŰɘɗɏŰɤɠ, Űɞ stacked model, Űɞ ɞˊɞɑɞ ůɡɜŭɡɎɕŮɘ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ Űɤɜ Űɟɘɩɜ ˊɟɞɖɔɞɨɛŮɜɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ɛɏůɤ Ůɜɧɠ ɛŮŰŬ-ŰŬɝɘɜɞɛɖŰɐ, ŬɜŬŭŮɘəɜɨŮŰŬɘ ɤɠ ɖ ˊɘɞ ɘůɞɟɟɞˊɖɛɏɜɖ əŬɘ ŬɝɘɧˊɘůŰɖ 

ˊɟɞůɏɔɔɘůɖ. ɀŮ ŬəɟɑɓŮɘŬ ŮəˊŬɑŭŮɡůɖɠ 0.9511 əŬɘ ůɢŮŭɧɜ ɘůɞŭɨɜŬɛɖ ŬəɟɑɓŮɘŬ ŭɞəɘɛɐɠ 0.9461, 

ˊŬɟɞɡůɘɎɕŮɘ ŮɚɎɢɘůŰɖ Ŭˊɧəɚɘůɖ ɛŮŰŬɝɨ train əŬɘ test. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŬˊɞŭŮɘəɜɨŮɘ ɡɣɖɚɐ 

ůŰŬɗŮɟɧŰɖŰŬ əŬɘ ŮɝŬɘɟŮŰɘəɐ ɔŮɜɘəŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ, əŬɗɘůŰɩɜŰŬɠ Űɞ stacked ɛɞɜŰɏɚɞ Űɖɜ 

ˊɟɞŰɘɛɧŰŮɟɖ ɚɨůɖ ɔɘŬ ˊɟɞɓɚɏɣŮɘɠ ůŮ ˊɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ. 

 

ɄȺɅȽɃɉȼ 2 

 

ũɘŬ Űɖ ŭŮɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɖ ɞˊɞɑŬ ŮəŰŮɑɜŮŰŬɘ ůŮ 10 kmĮ, ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɝɘ ŭɘŬəɟɘŰɏɠ 

ɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ: 

 

¶ ȺɜɧŰɖŰŬ 1 ï ȹɘɚɞɡɓɘŬəɏɠ ȷˊɞɗɏůŮɘɠ (ɚŬŭɑ): ɄɟɧůűŬŰŬ, ɢŬɚŬɟɐɠ ůɡɜɞɢɐɠ ɡɚɘəɎ ˊɞɡ 

ɏɢɞɡɜ ɛŮŰŬűŮɟɗŮɑ Ŭˊɧ ɓŬɟɨŰɖŰŬ əŬɘ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ, ŮɜŰɞˊɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ 

əɞɘɚɎŭŮɠ əŬɘ ɢŬɛɖɚɎ ɡɣɧɛŮŰɟŬ. 

¶ ȺɜɧŰɖŰŬ 2 ï ȾɡŬɜɧŰŮűɟŮɠ ɀɎɟɔŮɠ ɛŮ ȾɟɞəŬɚɞˊŬɔɐ (ɛˊɚŮ): ȺəŰŮɑɜŮŰŬɘ ůŰɖɜ 

ŬɜŬŰɞɚɘəɐ ˊŮɟɘɞɢɐ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɘɕɐɛŬŰŬ ɛŮ ŮɜŬɚɚŬɔɏɠ ɚŮˊŰɐɠ əŬɘ ɛɏůɖɠ 

əɞəəɞɛŮŰɟɑŬɠ. 

¶ ȺɜɧŰɖŰŬ 3 ï ȾɟɞəŬɚɞˊŬɔɐ ȸɎůɖɠ (əŮɟŬɛɘŭɑ): ȺɛűŬɜɑɕɞɜŰŬɘ əŬŰɎ ɗɏůŮɘɠ ůŰŬ 

ŬɜŬŰɞɚɘəɎ, ůɢɖɛŬŰɑɕɞɜŰŬɠ Űɖ ɓɎůɖ Űɞɡ ɘɕɖɛŬŰɞɔŮɜɞɨɠ ˊŬəɏŰɞɡ.  

¶ ȺɜɧŰɖŰŬ 4 ï ūɚɨůɢɖɠ (ˊɟɎůɘɜɞ): ȺɜŰɞˊɑɕŮŰŬɘ ůŰŬ ŬɜŬŰɞɚɘəɎ əŬɘ ɓɧɟŮɘŬ. 

ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ ɣŬɛɛɘŰɩɜ əŬɘ ŬɟɔɘɚɞɛŬɟɔɩɜ. 

¶ ȺɜɧŰɖŰŬ 5 ï ȷɜɗɟŬəɘəɞɑ ɆɢɖɛŬŰɘůɛɞɑ ɀŮůɞɕɤɘəɞɨ (əŬűɏ): ȾŬŰŬɚŬɛɓɎɜŮɘ ɛɏɟɞɠ 

Űɤɜ ŭɡŰɘəɩɜ ɞɟɑɤɜ, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ŬůɓŮůŰɧɚɘɗɞɡɠ. 

¶ ȺɜɧŰɖŰŬ 6 ï ɄŮɟɘŭɞŰɘŰɩɜ (ˊɟɎůɘɜɞ/ɛˊɚŮ): ȾŬŰŬɚŬɛɓɎɜŮɘ ɏɜŬ ˊɞɚɨ ɛɘəɟɧ ŰɛɐɛŬ Űɖɠ 

ˊŮɘɟɞɢɐɠ ɛŮɚɏŰɖɠ. 
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ȺɘəɧɜŬ 5-14:  ȳɟɘɞ ɀŮɚɏŰɖɠ Űɖɠ ȹŮɨŰŮɟɖɠ ɄŮɟɘɞɢɐɠ  

 

ɆŮ ɧŰɘ ŬűɞɟɎ Űɘɠ Ůˊɘɛɏɟɞɡɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɔɘŬ Űɖ ŭŮɨŰŮɟɖ ˊŮɟɘɞɢɐ, ɖ ɞˊɞɑŬ 

ˊŬɟɞɡůɘɎɕŮɘ ɏɜŰɞɜɖ ɔŮɤɚɞɔɘəɐ ŮŰŮɟɞɔɏɜŮɘŬ, əŬɗɩɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɝɘ ŭɘŬəɟɘŰɏɠ ɚɘɗɞɚɞɔɘəɏɠ 

ŮɜɧŰɖŰŮɠ, əŬɗŮɛɑŬ ɛŮ ŭɘŬűɞɟŮŰɘəɎ űŬůɛŬŰɘəɎ, ɔŮɤɛɞɟűɞɚɞɔɘəɎ əŬɘ ɔŮɤɢɖɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŭɘŬˊɘůŰɩɗɖəŬɜ ŰŬ ŬəɧɚɞɡɗŬ: 
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ȼ ȺɜɧŰɖŰŬ 1 (ȷɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ), ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ɢŬɚŬɟɎ, ˊɟɧůűŬŰŬ ɘɕɐɛŬŰŬ ɛŮ 

ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Ɏɟɔɘɚɞ əŬɘ ɞɟɔŬɜɘəɧ ɡɚɘəɧ, ŮɛűŬɜɑɕŮɘ ɡɣɖɚɏɠ Űɘɛɏɠ ůŰɞɜ ŭŮɑəŰɖ 

NDVI, ɔŮɔɞɜɧɠ ˊɞɡ ŬɜŰŬɜŬəɚɎ Űɖɜ ˊɡəɜɐ űɡŰɞəɎɚɡɣɖ ˊɞɡ ŮɡɜɞŮɑŰŬɘ Ŭˊɧ Űɖɜ ɡɔɟŬůɑŬ əŬɘ Űɖ 

ɔɞɜɘɛɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ. ɄŬɟɎɚɚɖɚŬ, ɞ Clay Index əŬŰŬɔɟɎűŮɘ Ůɜɘůɢɡɛɏɜɞ ůɐɛŬ, 

ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɖɜ ˊŬɟɞɡůɑŬ Ŭɟɔɘɚɘəɩɜ űɎůŮɤɜ, Ůɜɩ ɞɘ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɞɡ Quartz Index 

ůɡɜɎŭɞɡɜ ɛŮ Űɖɜ ŬˊɞɡůɑŬ əɚŬůŰɘəɩɜ, ɢŬɚŬɕɘŬəɩɜ ɡɚɘəɩɜ. 

ȼ ȺɜɧŰɖŰŬ 2 (ɀɎɟɔŮɠ ɛŮ əɟɞəŬɚɞˊŬɔɐ) ˊŬɟɞɡůɘɎɕŮɘ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ůɡɜɞɢɐ əŬɘ űŬůɛŬŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ. Ƀɘ Űɘɛɏɠ ůŰɞɡɠ ŭŮɑəŰŮɠ Ferrous əŬɘ Brightness ŮɛűŬɜɑɕɞɡɜ ŭɘŬəɡɛɎɜůŮɘɠ, 

ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ŬɜɞɛɞɘɞɔŮɜɐ ůɨůŰŬůɖ əŬɘ ˊɞɘəɑɚɖ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ, ɞɘ ɞˊɞɑŮɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

Űɖɜ ˊŬɟɞɡůɑŬ Űɧůɞ ɚŮˊŰɧəɞəəɤɜ ɛŬɟɔɩɜ ɧůɞ əŬɘ əɟɞəŬɚɞˊŬɔɩɜ űŬəɩɜ. 

ȼ ȺɜɧŰɖŰŬ 3 (ȾɟɞəŬɚɞˊŬɔɐɠ ɓɎůɖ), ɛŮ ůŬűɩɠ ˊɘɞ ůɡɛˊŬɔɐ əŬɘ ŰɟŬɢŮɑŬ ɚɘɗɞɚɞɔɘəɐ ɡűɐ, 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɢŬɛɖɚɏɠ Űɘɛɏɠ NDVI ɚɧɔɤ Űɖɠ ˊŮɟɘɞɟɘůɛɏɜɖɠ ɓɚɎůŰɖůɖɠ, əŬɘ Ŭˊɧ ɡɣɖɚɧ 

Brightness Index, ŬˊɞŰɏɚŮůɛŬ Űɖɠ Ŭɡɝɖɛɏɜɖɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɡɚɘəɩɜ. Ƀ 

Quartz Index ŮɛűŬɜɑɕŮɘ Ůɜɑůɢɡůɖ, ˊɘɗŬɜɧɜ ɚɧɔɤ Űɖɠ ˊŬɟɞɡůɑŬɠ ɢŬɚŬɕɑŬ ůŮ əɚŬůŰɘəɎ 

ůɡůŰŬŰɘəɎ. 

ȼ ȺɜɧŰɖŰŬ 4 (ūɚɨůɢɖɠ), ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ ɣŬɛɛɘŰɩɜ əŬɘ Ŭɟɔɘɚɘəɩɜ ůŰɟɩůŮɤɜ, 

əŬŰŬɔɟɎűŮɘ ɛɏůŮɠ Űɘɛɏɠ NDVI əŬɘ ˊɞɘəɑɚŮɠ Űɘɛɏɠ ůŰɞɡɠ ŭŮɑəŰŮɠ Clay əŬɘ Ferrous, ɔŮɔɞɜɧɠ ˊɞɡ 

ŬɜŰŬɜŬəɚɎ Űɖ ɚɘɗɞɚɞɔɘəɐ ŬɜɞɛɞɘɞɔɏɜŮɘŬ əŬɘ Űɞɜ ɓŬɗɛɧ ŭɘɎɓɟɤůɖɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɡɚɘəɩɜ. 

ȼ ȺɜɧŰɖŰŬ 5 (ȷɜɗɟŬəɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ), əɡɟɑɤɠ ŬůɓŮůŰɞɚɘɗɘəɐɠ ůɨůŰŬůɖɠ, ŮɛűŬɜɑɕŮɘ ɢŬɛɖɚɧ 

NDVI, ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɛŮɘɤɛɏɜɖɠ űɡŰɞəɎɚɡɣɖɠ ɚɧɔɤ űŰɤɢɞɨ ŮŭŬűɘəɞɨ ůŰɟɩɛŬŰɞɠ. 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ɢŬɛɖɚɏɠ Űɘɛɏɠ ůŰɞɜ Clay Index ɡˊɞŭɖɚɩɜɞɡɜ ɏɚɚŮɘɣɖ űɘɚɧűɡɚɚɤɜ ɞɟɡəŰɩɜ, 

ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɖɜ əɡɟɘŬɟɢɑŬ ůəɚɖɟɩɜ, ɛɖ Ŭɟɔɘɚɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ. 

ȼ ȺɜɧŰɖŰŬ 6 (ɄŮɟɘŭɞŰɑŰɖɠ), Ŭɜ əŬɘ ɛɘəɟɐɠ ɏəŰŬůɖɠ, ɝŮɢɤɟɑɕŮɘ ɛŮ ɘŭɘŬɑŰŮɟŬ ɢŬɛɖɚɏɠ Űɘɛɏɠ ůŰɞɡɠ 

ˊŮɟɘůůɧŰŮɟɞɡɠ ŭŮɑəŰŮɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ůəɞɨɟŬ, ɛɖ ŬɜŬəɚŬůŰɘəɎ, əŬɘ ɓɚɎůŰɖůɖɠ-

űŰɤɢɎ ˊŮŰɟɩɛŬŰŬ. ɋůŰɧůɞ, ɞ Ferrous Index əŬŰŬɔɟɎűŮɘ ŮɜɘůɢɡɛɏɜŮɠ Űɘɛɏɠ, ˊɘɗŬɜɧɜ ɚɧɔɤ Űɖɠ 

ˊŬɟɞɡůɑŬɠ ůɘŭɖɟɞɨɢɤɜ ɞɟɡəŰɩɜ ɧˊɤɠ ɞ ɛŬɔɜɖŰɑŰɖɠ ɐ ɖ ůŮɟˊŮɜŰɑɜɖ. 
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ȺɘəɧɜŬ 5-15: ɉɎɟŰŮɠ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮɘəŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ Űɖɠ 

ɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɘɞɢɐ. ȷˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ əŬɘ Ŭˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ 

  
NDVI NDSI 

  
Clay Index Ferrous Index 

  
Quartz Index Brightness 
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ŭŮɝɘɎ: NDVI (ȹŮɑəŰɖɠ ūɡŰɘəɐɠ ȸɚɎůŰɖůɖɠ), NDSI (ȹŮɑəŰɖɠ ȹɘŬɢɤɟɘůɛɞɨ ɉɘɞɜɘɞɨ/ũɡɛɜɩɜ 

ȺˊɘűŬɜŮɘɩɜ), Clay Index (ȹŮɑəŰɖɠ ȷɟɔɘɚɘəɩɜ Ɉɚɘəɩɜ), Ferrous Index (ȹŮɑəŰɖɠ Ɇɘŭɖɟɞɨɢɤɜ 

ɃɝŮɘŭɑɤɜ), Quartz Index (ȹŮɑəŰɖɠ ɉŬɚŬɕɑŬ) əŬɘ Brightness (ūɤŰŮɘɜɧŰɖŰŬ ȺˊɘűɎɜŮɘŬɠ). 

 

 

ȾŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ 2, ŮűŬɟɛɧůŰɖəŮ ɖ ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɡˊŮɟˊŬɟŬɛɏŰɟɤɜ ůŰɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ GTB əŬɘ RF, ɛŮ əɟɘŰɐɟɘɞ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɏɜŰɟɤɜ (number of trees). 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ GTB, ˊŬɟŬŰɖɟŮɑŰŬɘ ůŬűɐɠ Ŭɨɝɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ŭɏɜŰɟɤɜ: Ŭˊɧ ˊŮɟɑˊɞɡ 91,8% ůŰŬ 50 ŭɏɜŰɟŬ, ɖ ŬəɟɑɓŮɘŬ űŰɎɜŮɘ əŬɘ ɝŮˊŮɟɜɎ Űɞ 

93,1% ůŰŬ 300 ŭɏɜŰɟŬ. ȼ ɓŮɚŰɑɤůɖ ŬɡŰɐ, ɤůŰɧůɞ, űŬɑɜŮŰŬɘ ɜŬ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ ɛŮŰɎ ŰŬ 200 

ŭɏɜŰɟŬ, ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɏɜŬ ůɖɛŮɑɞ əɞɟŮůɛɞɨ, ˊɏɟŬ Ŭˊɧ Űɞ ɞˊɞɑɞ ŰŬ Ůˊɘˊɚɏɞɜ ŭɏɜŰɟŬ 

ˊɟɞůűɏɟɞɡɜ ɞɟɘŬəɎ ɞűɏɚɖ, ɛŮ ŬɜŰɘůŰɎɗɛɘůɛŬ Űɖɜ Ŭɡɝɖɛɏɜɖ ɡˊɞɚɞɔɘůŰɘəɐ ŮˊɘɓɎɟɡɜůɖ. ȼ 

ůɡɜɞɚɘəɐ ŮɘəɧɜŬ əŬŰŬŭŮɘəɜɨŮɘ ɧŰɘ ɞ GTB ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞɠ ůŰɖɜ Ůˊɘɚɞɔɐ Űɞɡ Ŭɟɘɗɛɞɨ ŭɏɜŰɟɤɜ 

əŬɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ɡɣɖɚɧŰŮɟɖ ŬəɟɑɓŮɘŬ Ŭˊɧ Űɞɜ RF, ɧŰŬɜ ɟɡɗɛɘůŰŮɑ ůɤůŰɎ. 

ȷɜŰɑůŰɞɘɢŬ, ɞ RF ŮɛűŬɜɑɕŮɘ Ůˊɑůɖɠ ɓŮɚŰɑɤůɖ ůŰɖɜ ŬəɟɑɓŮɘŬ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ŭɏɜŰɟɤɜ, ŬɚɚɎ 

ɛŮ ɖˊɘɧŰŮɟɖ ŭɘŬəɨɛŬɜůɖ. ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ 90,6% ůŰŬ 50 ŭɏɜŰɟŬ, űŰɎɜŮɘ ɏɤɠ 91,05% ůŰŬ 250 

ŭɏɜŰɟŬ, Ůɜɩ ůŰŬ 300 ŭɏɜŰɟŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ɛɘəɟɐ ɛŮɑɤůɖ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ 

ɞ RF ŮɑɜŬɘ ˊɘɞ ůŰŬɗŮɟɧɠ əŬɘ ɚɘɔɧŰŮɟɞ ŮˊɖɟŮŬɕɧɛŮɜɞɠ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɏɜŰɟɤɜ, Ŭɜ əŬɘ ɖ 

ɛɏɔɘůŰɖ ŬəɟɑɓŮɘɎ Űɞɡ ˊŬɟŬɛɏɜŮɘ ŮɚŬűɟɩɠ ɢŬɛɖɚɧŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐ Űɞɡ GTB. 

 
ȺɘəɧɜŬ 5-16: ũɟɎűɖɛŬ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ RF ɔɘŬ Űɖ ŭŮɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 
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ȺɘəɧɜŬ 5-17:  ũɟɎűɖɛŬ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ GTB ɔɘŬ Űɖ ŭŮɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ 

 

ȼ ŬɜɎɚɡůɖ Űɤɜ ɢŬɟŰɞɔɟŬűɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŰŮůůɎɟɤɜ ɛɞɜŰɏɚɤɜ ɔɘŬ Űɖ ȹŮɨŰŮɟɖ 

ɄŮɟɘɞɢɐ ɀŮɚɏŰɖɠ ŬɜɏŭŮɘɝŮ ůŬűŮɑɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŮ ɧ,Űɘ ŬűɞɟɎ Űɖ ɢɤɟɘəɐ ŬəɟɑɓŮɘŬ, Űɖ 

ůɡɜɏɢŮɘŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ŬˊɞŰɨˊɤůɖɠ Űɖɠ ɚɘɗɞɚɞɔɘəɐɠ 

ˊɞɚɡˊɚɞəɧŰɖŰŬɠ. 

ɇɞ ɛɞɜŰɏɚɞ CART, Ŭɜ əŬɘ ɡˊɞɚɞɔɘůŰɘəɎ ŮɚŬűɟɨ, ˊŬɟɎɔŮɘ ɢɎɟŰɖ ɛŮ ɡɣɖɚɧ űŬůɛŬŰɘəɧ ɗɧɟɡɓɞ, 

əŬŰŬəŮɟɛŬŰɘůɛɏɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ əŬɘ ˊɚɐɗɞɠ ŬˊɞůˊŬůɛŬŰɘəɩɜ ˊŮɟɘɞɢɩɜ, ɢɤɟɑɠ ůŬűɐ 

ɔŮɤɚɞɔɘəɐ ůɡɜɞɢɐ. ȼ ɏɚɚŮɘɣɖ ɢɤɟɘəɐɠ ůɡɜɏˊŮɘŬɠ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɡˊŮɟɓɞɚɘəɐ 

ɚŮˊŰɞɛɏɟŮɘŬ ůŮ ́ Ůɟɘɞɢɏɠ ɢɤɟɑɠ ˊɟŬɔɛŬŰɘəɏɠ ɚɘɗɞɚɞɔɘəɏɠ ɛŮŰŬɓɞɚɏɠ, ŭɡůɢŮɟŬɑɜŮɘ Űɖɜ ŮɟɛɖɜŮɑŬ 

Űɞɡ ɢɎɟŰɖ əŬɘ ɡˊɞŭɖɚɩɜŮɘ ˊɘɗŬɜɐ ɡˊŮɟŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ. 

ȷɜŰɑɗŮŰŬ, ŰŬ ɛɞɜŰɏɚŬ RF əŬɘ GBT ˊŬɟɏɢɞɡɜ ɓŮɚŰɘɤɛɏɜɖ ɢŬɟŰɞɔɟŬűɘəɐ ˊɞɘɧŰɖŰŬ, ɛŮ 

ůŬűɏůŰŮɟɖ ɔŮɤɛŮŰɟɘəɐ ůɡɜɏɢŮɘŬ, ɞɛŬɚɏɠ ɛŮŰŬɓɎůŮɘɠ əŬɘ ɛŮɘɤɛɏɜɞ űŬůɛŬŰɘəɧ ɗɧɟɡɓɞ. 

ȽŭɘŬɑŰŮɟŬ Űɞ GBT ŮˊɘŭŮɘəɜɨŮɘ ŬɝɘɞůɖɛŮɑɤŰɖ ɘəŬɜɧŰɖŰŬ ůŰɖ ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ Ŭɟɔɘɚɘəɩɜ 

ŬˊɞɗɏůŮɤɜ, ɛŬɟɔɩɜ əŬɘ əɟɞəŬɚɞˊŬɔɩɜ ŮɜɞŰɐŰɤɜ, ŬˊɞŰɡˊɩɜɞɜŰŬɠ ɛŮ ɟŮŬɚɘůŰɘəɧ Űɟɧˊɞ Űɖ 

ůɢŮŰɘəɐ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ. ɋůŰɧůɞ, əŬɘ ůŰŬ ŭɨɞ ɛɞɜŰɏɚŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ɛɘəɟɏɠ ŬˊɞəɚɑůŮɘɠ ůŰŬ 

Ŭəɟɘɓɐ ɧɟɘŬ Űɤɜ ɚɘɗɞɚɞɔɘəɩɜ ɛŮŰŬɓɎůŮɤɜ, əɡɟɑɤɠ ůŮ ˊŮɟɘɞɢɏɠ ɛŮŰŬɓŬŰɘəɞɨ ɢŬɟŬəŰɐɟŬ, ɧˊɤɠ 

ůŰŬ ɧɟɘŬ ɛŮŰŬɝɨ űɚɨůɢɖ əŬɘ ɛŬɟɔɩɜ ɐ ɛŮŰŬɝɨ ˊŮɟɘŭɞŰɑŰɖ əŬɘ ŬɜɗɟŬəɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ. 

ɇɞ Stacked Model, Űɞ ɞˊɞɑɞ ůɡɜŭɡɎɕŮɘ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ Ŭɚɔɞɟɑɗɛɤɜ, ˊɟɞůűɏɟŮɘ 

Űɞ ˊɘɞ əŬɗŬɟɧ, ůɡɜŮəŰɘəɧ əŬɘ ɔŮɤɚɞɔɘəɎ ŰŮəɛɖɟɘɤɛɏɜɞ ŬˊɞŰɏɚŮůɛŬ. Ƀɘ ɚɘɗɞɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ 

ŬˊɞŭɑŭɞɜŰŬɘ ɛŮ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ, ŮɡŭɘɎəɟɘŰŬ əŬɘ űɡůɘəɎ ɧɟɘŬ, ɢɤɟɑɠ űŬɘɜɧɛŮɜŬ ɗɞɟɨɓɞɡ ɐ 

ɡˊŮɟ-ŮɝɞɛɎɚɡɜůɖɠ. ȼ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ ɘůɞɟɟɞˊŮɑ ɛŮŰŬɝɨ ɚŮˊŰɞɛɏɟŮɘŬɠ əŬɘ ɔŮɜɑəŮɡůɖɠ 
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ˊɟɞůŭɑŭŮɘ ůŰɞ ˊŬɟŬɔɧɛŮɜɞ ɢŬɟŰɞɔɟŬűɘəɧ ˊɟɞɥɧɜ ɡɣɖɚɧ ɓŬɗɛɧ ŬɝɘɞˊɘůŰɑŬɠ əŬɘ 

ŮɟɛɖɜŮɡůɘɛɧŰɖŰŬɠ, əŬɗɘůŰɩɜŰŬɠ Űɞ ɘŭŬɜɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ əŬɘ 

ŬɜɎɚɡůɖ ɡˊŮŭɎűɞɡɠ. 

Ƀ ɏɚŮɔɢɞɠ ˊɚɖɟɧŰɖŰŬɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ɢŬɟŰɞɔɟŬűɐůŮɤɜ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ ground truth Űɖɠ 

ɄŮɟɘɞɢɐɠ 2 ŬˊɞəŬɚɨˊŰŮɘ ɧŰɘ ɞɘ ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ŭŮɜ ŬˊɞŭɑŭɞɜŰŬɘ ɘůɧŰɘɛŬ Ŭˊɧ ŰŬ 

ɛɞɜŰɏɚŬ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ. ɄŬɟɧŰɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɛɞɜŰɏɚŬ əŬŰŬűɏɟɜɞɡɜ ɜŬ ŬˊŮɘəɞɜɑůɞɡɜ 

ɛŮ ůɢŮŰɘəɐ ŬəɟɑɓŮɘŬ Űɘɠ əɡɟɑŬɟɢŮɠ ɚɘɗɞɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ ï ɧˊɤɠ Űɘɠ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ, Űɘɠ 

ɛɎɟɔŮɠ ɛŮ əɟɞəŬɚɞˊŬɔɐ, Űɖɜ əɟɞəŬɚɞˊŬɔɐ ɓɎůɖ əŬɘ Űɞɜ űɚɨůɢɖ ï ́ ŬɟŬŰɖɟŮɑŰŬɘ ůɡůŰɖɛŬŰɘəɐ 

ɡˊɞŮəˊɟɞůɩˊɖůɖ Űɤɜ ɔŮɤɚɞɔɘəɎ ůˊŬɜɘɧŰŮɟɤɜ ɐ ɛɘəɟɧŰŮɟɖɠ ɏəŰŬůɖɠ ŮɜɞŰɐŰɤɜ, ɛŮ ˊɘɞ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɞɡɠ ŬɜɗɟŬəɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɞɡ ɀŮůɞɕɤɘəɞɨ əŬɘ ɘŭɑɤɠ Űɞɜ 

ˊŮɟɘŭɞŰɑŰɖ. 

ɇɞ űŬɘɜɧɛŮɜɞ ŮɑɜŬɘ ŮɜŰɞɜɧŰŮɟɞ ůŰɞ ɛɞɜŰɏɚɞ CART, ɧˊɞɡ ɖ ŰŬɝɘɜɧɛɖůɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

əŬŰŬəŮɟɛŬŰɘůɛɧ əŬɘ ɗɧɟɡɓɞ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɞɡůɑŬ ɞˊɞɘŬůŭɐˊɞŰŮ ůɡɜŮəŰɘəɐɠ 

ŬˊɞŰɨˊɤůɖɠ Űɤɜ Ůɜ ɚɧɔɤ ůɢɖɛŬŰɘůɛɩɜ. ȷɜŰɑůŰɞɘɢŬ, ůŰŬ ɛɞɜŰɏɚŬ GBT əŬɘ RF, ˊŬɟŬŰɖɟŮɑŰŬɘ 

ɛŮɜ ɓŮɚŰɑɤůɖ ůŰɖ ɢɤɟɘəɐ ůɡɜɏɢŮɘŬ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ, ɧɛɤɠ ɞɘ ɚɘɔɧŰŮɟɞ ůɡɢɜɏɠ 

ŮɜɧŰɖŰŮɠ ŰŮɑɜɞɡɜ ɜŬ ŬˊɞɟɟɞűɩɜŰŬɘ Ŭˊɧ ɔŮɘŰɞɜɘəɏɠ, əɡɟɑŬɟɢŮɠ əŬŰɖɔɞɟɑŮɠ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ 

ˊɘɗŬɜɧŰŬŰŬ ɞűŮɑɚŮŰŬɘ ůŮ ŬɜɘůɞɟɟɞˊɑŬ Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ˊŬɟŬŭŮɘɔɛɎŰɤɜ əŬŰɎ Űɖɜ ŮəˊŬɑŭŮɡůɖ, 

ɔŮɔɞɜɧɠ ˊɞɡ ŭɡůɢŮɟŬɑɜŮɘ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ɡˊɞŮəˊɟɞůɤˊɞɨɛŮɜɤɜ əɚɎůŮɤɜ. 

ɇɞ Stacked Model, ˊŬɟɧŰɘ ŮˊɘŭŮɘəɜɨŮɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ, ŭɘŬŰɖɟŮɑ ɡɣɖɚɐ 

ůɡɜɏˊŮɘŬ ůŰɘɠ əɨɟɘŮɠ ɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ, ŬɚɚɎ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ˊŮɟɘɞɟɘůɛɏɜɖ 

ɘəŬɜɧŰɖŰŬ ŭɘŬɢɤɟɘůɛɞɨ ɔɘŬ űŬůɛŬŰɘəɎ ˊŬɟŮɛűŮɟŮɑɠ ɐ ˊŮɟɘɞɟɘůɛɏɜɖɠ ɏəŰŬůɖɠ ůɢɖɛŬŰɘůɛɞɨɠ, 

ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ˊŮɟɘŭɞŰɑŰɖ. 
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ȺɘəɧɜŬ 5-18: ɉŬɟŰɞɔɟŬűɘəɎ ɄɟɞɥɧɜŰŬ Űɤɜ ŰŮůůɎɟɤɜ ɛɞɜŰɏɚɤɜ ˊɟɧɓɚŮɣɖɠ ɔɘŬ Űɖɜ ŭŮɨŰŮɟɖ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ  

 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ůŮ ɧŰɘ ŬűɞɟɎ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ˊɟɞɏəɡɣŬɜ ɞɘ ˊŬɟŬəɎŰɤ 

ˊɑɜŬəŮɠ ůɨɔɢɖůɖɠ.  

 

  
CART GBT 

  
RF Stacked Model 
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ȺɘəɧɜŬ 5-19: Random Forest train ́Ůɟɘɞɢɐ 2 

 

 
ȺɘəɧɜŬ 5-20: Random Forest test ́Ůɟɘɞɢɐ 2  
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ȺɘəɧɜŬ 5-21: Gradiend boost classification train ˊŮɟɘɞɢɐ 2  

 

 
ȺɘəɧɜŬ 5-22: Gradiend boost classification test ˊŮɟɘɞɢɐ 2 
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ȺɘəɧɜŬ 5-23: CARTs train ́ Ůɟɘɞɢɐ 2  

 

 
ȺɘəɧɜŬ 5-24: CARTs test ́ Ůɟɘɞɢɐ 2 
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ȺɘəɧɜŬ 5-25: Stacked Model train ́Ůɟɘɞɢɐ 2  

 

 
ȺɘəɧɜŬ 5-26: Stacked Model ˊŮɟɘɞɢɐ 2  
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ɄɑɜŬəŬɠ 5-2: ȷˊɞŭɧůŮɘɠ ŬəɟɑɓŮɘŬɠ ɔɘŬ ɄŮɟɘɞɢɐ 2 

  
Random 

Forest 

Gradient 

Boost 

Classification And 

Regression Trees 

Stacked 

Model 

TRAIN 

Accuracy 

0.9978 0.9879 1.0000 0.9389 

TEST 

Accuracy 

0.7795 0.7980 0.6603 0.9379 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɨɔəɟɘůɖɠ Űɤɜ ŰŮůůɎɟɤɜ ɛɞɜŰɏɚɤɜ ŰŬɝɘɜɧɛɖůɖɠ ůŰɖɜ ɄŮɟɘɞɢɐ 2 

ŬɜɏŭŮɘɝŬɜ ɛŮ ůŬűɐɜŮɘŬ Űɖɜ ɡˊŮɟɞɢɐ Űɞɡ Stacked Model ɤɠ ˊɟɞɠ Űɖ ɔŮɜɑəŮɡůɖ əŬɘ Űɖ ůɡɜɞɚɘəɐ 

Ŭˊɧŭɞůɖ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ Stacked Model ůɖɛŮɑɤůŮ ŬəɟɑɓŮɘŬ 93,89% ůŰɞ ůɨɜɞɚɞ 

ŮəˊŬɑŭŮɡůɖɠ əŬɘ ŭɘŬŰɐɟɖůŮ ůɢŮŭɧɜ ŰŬɡŰɧůɖɛɖ Ůˊɑŭɞůɖ ůŰɞ test set ɛŮ 93,79%, ɔŮɔɞɜɧɠ ˊɞɡ 

ŬˊɞŭŮɘəɜɨŮɘ Űɖ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ ŬˊɞűŮɨɔŮɘ Űɖɜ ɡˊŮɟˊɟɞůŬɟɛɞɔɐ. 

ȷɜŰɑɗŮŰŬ, ŰŬ ɛɞɜŰɏɚŬ RF əŬɘ GBɇ, ˊŬɟɧŰɘ ˊŬɟɞɡůɑŬůŬɜ ˊɞɚɨ ɡɣɖɚɎ ˊɞůɞůŰɎ ŬəɟɑɓŮɘŬɠ ůŰɖɜ 

ŮəˊŬɑŭŮɡůɖ (99,78% əŬɘ 98,78% ŬɜŰɑůŰɞɘɢŬ), ŮɛűɎɜɘůŬɜ ůɖɛŬɜŰɘəɐ ˊŰɩůɖ ůŰɖɜ Ŭˊɧŭɞůɖ ůŰɞ 

test set (77,95% əŬɘ 79,80% ŬɜŰɑůŰɞɘɢŬ), ɡˊɞŭɖɚɩɜɞɜŰŬɠ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɡɜŬŰɧŰɖŰŬ 

ɔŮɜɑəŮɡůɖɠ ůŮ ɜɏŬ ŭŮŭɞɛɏɜŬ. ȷəɧɛŬ ˊɘɞ ɏɜŰɞɜɖ ɐŰŬɜ ɖ ŬɜŰɑɗŮůɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ CART, 

Űɞ ɞˊɞɑɞ ˊɏŰɡɢŮ ŰɏɚŮɘŬ ŬəɟɑɓŮɘŬ ŮəˊŬɑŭŮɡůɖɠ (100%), ŬɚɚɎ əŬŰɏɔɟŬɣŮ Űɖ ɢŬɛɖɚɧŰŮɟɖ Ůˊɑŭɞůɖ 

ůŰɞ test set (66,03%), ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɖɜ ɏɜŰɞɜɖ ŰɎůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɔɘŬ ɡˊŮɟˊɟɞůŬɟɛɞɔɐ. 

ɇɞ Stacked Model ŬˊɞŭŮɑɢɗɖəŮ Űɞ ˊɘɞ ŬɝɘɧˊɘůŰɞ əŬɘ ɘůɞɟɟɞˊɖɛɏɜɞ ɛɞɜŰɏɚɞ, əŬɗɩɠ ŬɝɘɞˊɞɑɖůŮ 

ůɡɜŭɡŬůŰɘəɎ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ Ůˊɘɛɏɟɞɡɠ Ŭɚɔɞɟɑɗɛɤɜ əŬɘ ŬˊɏŭɤůŮ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ 

ɢɤɟɑɠ ŬˊɩɚŮɘŬ ɔŮɜɑəŮɡůɖɠ, əŬɗɘůŰɩɜŰŬɠ Űɞ ɘŭŬɜɘəɐ Ůˊɘɚɞɔɐ ɔɘŬ ůɨɜɗŮŰŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ 

ɔŮɤɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

 

 

ɄȺɅȽɃɉȼ 3 

 

ũɘŬ Űɖ ŭŮɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɖ ɞˊɞɑŬ ŮəŰŮɑɜŮŰŬɘ ůŮ 5 kmĮ, ́ ŮɟɘɚŬɛɓɎɜŮɘ ŰɏůůŮɟɘɠ ŭɘŬəɟɘŰɏɠ 

ɔŮɤɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ: 

¶ ȺɜɧŰɖŰŬ 1 ï ȹɘɚɞɡɓɘŬəɏɠ ȷˊɞɗɏůŮɘɠ (ɚŬŭɑ): ɄɟɧůűŬŰŬ, ɢŬɚŬɟɐɠ ůɡɜɞɢɐɠ ɡɚɘəɎ ˊɞɡ 

ɏɢɞɡɜ ɛŮŰŬűŮɟɗŮɑ Ŭˊɧ ɓŬɟɨŰɖŰŬ əŬɘ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ, ŮɜŰɞˊɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŮ 

əɞɘɚɎŭŮɠ əŬɘ ɢŬɛɖɚɎ ɡɣɧɛŮŰɟŬ. 

¶ ȺɜɧŰɖŰŬ 2 ï ȾɡŬɜɧŰŮűɟŮɠ ɀɎɟɔŮɠ ɛŮ ȾɟɞəŬɚɞˊŬɔɐ (ɛˊɚŮ): ȺəŰŮɑɜŮŰŬɘ ůŰɖɜ 

ŬɜŬŰɞɚɘəɐ ˊŮɟɘɞɢɐ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɘɕɐɛŬŰŬ ɛŮ ŮɜŬɚɚŬɔɏɠ ɚŮˊŰɐɠ əŬɘ ɛɏůɖɠ 

əɞəəɞɛŮŰɟɑŬɠ. 
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¶ ȺɜɧŰɖŰŬ 3 ï ūɚɨůɢɖɠ (ˊɟɎůɘɜɞ): ȺɜŰɞˊɑɕŮŰŬɘ ůŰŬ ŬɜŬŰɞɚɘəɎ əŬɘ ɓɧɟŮɘŬ. 

ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ ɣŬɛɛɘŰɩɜ əŬɘ ŬɟɔɘɚɞɛŬɟɔɩɜ. 

¶ ȺɜɧŰɖŰŬ 4 ï ȷɜɗɟŬəɘəɞɑ ɆɢɖɛŬŰɘůɛɞɑ ɀŮůɞɕɤɘəɞɨ (əŬűɏ): ȾŬŰŬɚŬɛɓɎɜŮɘ ɛɏɟɞɠ 

Űɤɜ ŭɡŰɘəɩɜ ɞɟɑɤɜ, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ŬůɓŮůŰɧɚɘɗɞɡɠ. 

 

 

 

 
 

ȺɘəɧɜŬ 5-27: ȳɟɘɞ ɀŮɚɏŰɖɠ Űɖɠ ɇɟɑŰɖɠ ɄŮɟɘɞɢɐɠ  
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ɆŮ ɧ,Űɘ ŬűɞɟɎ Űɘɠ Ůˊɘɛɏɟɞɡɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɔɘŬ Űɖɜ ŰɟɑŰɖ ˊŮɟɘɞɢɐ, ɖ ɞˊɞɑŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɏůůŮɟɘɠ əɨɟɘŮɠ ɚɘɗɞɚɞɔɘəɏɠ ŮɜɧŰɖŰŮɠ, əŬŰŬɔɟɎűɞɜŰŬɘ ŰŬ əɎŰɤɗɘ:  

Ƀ ŭŮɑəŰɖɠ ɓɚɎůŰɖůɖɠ NDVI əŬŰŬɔɟɎűŮɘ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůŰɘɠ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ, ɞɘ 

ɞˊɞɑŮɠ, ɚɧɔɤ Űɖɠ ɢŬɚŬɟɐɠ ɡűɐɠ əŬɘ Űɖɠ Ŭɡɝɖɛɏɜɖɠ ɡɔɟŬůɑŬɠ, űɘɚɞɝŮɜɞɨɜ ˊɡəɜɐ űɡŰɞəɎɚɡɣɖ. 

ȷɜŰɑɗŮŰŬ, ɞ NDVI ˊŬɟɞɡůɘɎɕŮɘ űɗɑɜɞɡůŬ ˊɞɟŮɑŬ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ űɚɨůɢɖ əŬɘ ɛɎɟɔŮɠ, ɧˊɞɡ 

ŮɜŭŮɢɞɛɏɜɤɠ ɡˊɎɟɢŮɘ ŬɟŬɘɧŰŮɟɖ ɓɚɎůŰɖůɖ. 

Ƀ ŭŮɑəŰɖɠ NDSI, ɞ ɞˊɞɑɞɠ ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɎŭŮɘɝɖ ŮˊɘűŬɜŮɘɩɜ ɛŮ Ůɘŭɘəɐ 

ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ůŰɞ ɛŮůŬɑɞ ɡˊɏɟɡɗɟɞ, ŭɘŬűɞɟɞˊɞɘŮɑ ɘəŬɜɞˊɞɘɖŰɘəɎ Űɘɠ ɛɎɟɔŮɠ Ŭˊɧ Űɞɜ 

űɚɨůɢɖ, ŬˊɞŭɑŭɞɜŰŬɠ ůŰɘɠ ˊɟɩŰŮɠ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ űɤŰŮɘɜɧŰɖŰŬɠ əŬɘ ŭɘŬəɟɘŰɐ űŬůɛŬŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ. 

Ƀ Clay Index ŮɜŰɞˊɑɕŮɘ ɛŮ ŬəɟɑɓŮɘŬ Űɘɠ ˊŮɟɘɞɢɏɠ ˊɚɞɨůɘŮɠ ůŮ ŬɟɔɘɚɘəɎ ɡɚɘəɎ, əɡɟɑɤɠ Űɘɠ ɛɎɟɔŮɠ, 

ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɖ ɚŮˊŰɧəɞəəɖ əŬɘ ůɡɜŮəŰɘəɐ ůɨůŰŬůɐ Űɞɡɠ. Ƀɘ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ, 

ˊŬɟɎ Űɖɜ Ŭɟɔɘɚɘəɐ ůɡɜɘůŰɩůŬ Űɞɡɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ˊɘɞ ŮŰŮɟɞɔŮɜɏɠ ůɐɛŬ, ɚɧɔɤ Űɖɠ ˊɞɘəɘɚɑŬɠ 

ɡɚɘəɩɜ ˊɞɡ ɛŮŰŬűɏɟɞɜŰŬɘ ˊɞŰɎɛɘŬ. 

Ƀ Ferrous Index, ɞ ɞˊɞɑɞɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ɞɝŮɘŭɑɤɜ Űɞɡ ůɘŭɐɟɞɡ, ŭɘŬűɞɟɞˊɞɘŮɑ 

ˊŮɟɘɞɢɏɠ ɛŮ Ŭɡɝɖɛɏɜɞ ɓŬɗɛɧ ŬˊɞůɎɗɟɤůɖɠ ɐ ůɘŭɖɟɞɨɢŮɠ űɎůŮɘɠ, ŮɛűŬɜɑɕɞɜŰŬɠ Ůɜɘůɢɡɛɏɜɞ 

ůɐɛŬ ůŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ Űɞɡ űɚɨůɢɖ. 

Ƀ Quartz Index ůɡɛɓɎɚɚŮɘ ůŰɖ ŭɘɎəɟɘůɖ ˊŮɟɘɞɢɩɜ ɛŮ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɢŬɚŬɕɑŬ, ɧˊɤɠ 

ŰŬ ɣŬɛɛɘŰɘəɎ ŰɛɐɛŬŰŬ Űɞɡ űɚɨůɢɖ, ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɛŮ ɓɎůɖ Űɖ əɚŬůŰɘəɐ 

ůɨůŰŬůɖ. 

ȼ ɛŮŰŬɓɚɖŰɐ Brightness, ɤɠ ŭŮɑəŰɖɠ ɔŮɜɘəɐɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ, ŬˊɞŰɡˊɩɜŮɘ ɛŮ ůŬűɐɜŮɘŬ Űɘɠ 

ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ɚɘɗɞɚɞɔɘəɩɜ ŮɜɞŰɐŰɤɜ. Ƀɘ ɛɎɟɔŮɠ əŬɘ ɞɘ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ 

ŮɛűŬɜɑɕɞɜŰŬɘ űɤŰŮɘɜɧŰŮɟŮɠ, Ůɜɩ ɞɘ ˊɘɞ ůɡɛˊŬɔŮɑɠ əŬɘ ůəɞɡɟɧɢɟɤɛɞɘ ůɢɖɛŬŰɘůɛɞɑ, ɧˊɤɠ ɞ 

űɚɨůɢɖɠ, əŬŰŬɔɟɎűɞɡɜ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ. 
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ȺɘəɧɜŬ 5-28: ɉɎɟŰŮɠ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮɘəŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ Űɖɠ 

ɔŮɤɚɞɔɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɘɞɢɐ. ȷˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ əŬɘ Ŭˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ 

  
NDVI NDSI 

  
Clay Index Ferrous Index 

  
Quartz Index Brightness 
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ŭŮɝɘɎ: NDVI (ȹŮɑəŰɖɠ ūɡŰɘəɐɠ ȸɚɎůŰɖůɖɠ), NDSI (ȹŮɑəŰɖɠ ȹɘŬɢɤɟɘůɛɞɨ ɉɘɞɜɘɞɨ/ũɡɛɜɩɜ 

ȺˊɘűŬɜŮɘɩɜ), Clay Index (ȹŮɑəŰɖɠ ȷɟɔɘɚɘəɩɜ Ɉɚɘəɩɜ), Ferrous Index (ȹŮɑəŰɖɠ Ɇɘŭɖɟɞɨɢɤɜ 

ɃɝŮɘŭɑɤɜ), Quartz Index (ȹŮɑəŰɖɠ ɉŬɚŬɕɑŬ) əŬɘ Brightness (ūɤŰŮɘɜɧŰɖŰŬ ȺˊɘűɎɜŮɘŬɠ). 

 

ȾŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ 3, ŮűŬɟɛɧůŰɖəŮ ɖ ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɡˊŮɟˊŬɟŬɛɏŰɟɤɜ ůŰɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ GTB əŬɘ RF, ɛŮ əɟɘŰɐɟɘɞ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɏɜŰɟɤɜ (number of trees). 

ȼ ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɡˊŮɟˊŬɟŬɛɏŰɟɤɜ ŬɜɏŭŮɘɝŮ ůŬűŮɑɠ ŭɘŬűɞɟɏɠ ɤɠ ˊɟɞɠ Űɖɜ 

ŮˊɑŭɟŬůɖ Űɞɡ Ŭɟɘɗɛɞɨ ŭɏɜŰɟɤɜ ůŰɖɜ ŰŮɚɘəɐ ŬəɟɑɓŮɘŬ ŰŬɝɘɜɧɛɖůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ GTB, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɐ ɓŮɚŰɑɤůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ ɧůɞ ŬɡɝɎɜŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭɏɜŰɟɤɜ: Ŭˊɧ 

ˊŮɟɑˊɞɡ 88% ůŰŬ 50 ŭɏɜŰɟŬ, ɖ Ŭˊɧŭɞůɖ űŰɎɜŮɘ ɏɤɠ əŬɘ 90,6% ůŰŬ 300 ŭɏɜŰɟŬ. ɋůŰɧůɞ, ɖ 

Ŭɜɞŭɘəɐ ŬɡŰɐ ˊɞɟŮɑŬ ŮˊɘɓɟŬŭɨɜŮŰŬɘ ɛŮŰɎ ŰŬ 200 ŭɏɜŰɟŬ, ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ɖ ŬəɟɑɓŮɘŬ űŬɑɜŮŰŬɘ 

ɜŬ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ, ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɏɜŬ ɧɟɘɞ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ, ɧˊɞɡ ɖ ˊɟɞůɗɐəɖ 

ˊŮɟɘůůɧŰŮɟɤɜ ŭɏɜŰɟɤɜ ɞŭɖɔŮɑ ɛɧɜɞ ůŮ ɞɟɘŬəɎ ɞűɏɚɖ, ŬɡɝɎɜɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ 

əɧůŰɞɠ. 

ȷɜŰɑůŰɞɘɢŬ, Űɞ ɛɞɜŰɏɚɞ RF ŮɛűŬɜɑɕŮɘ əŬɘ ŬɡŰɧ ɓŮɚŰɑɤůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

ŭɏɜŰɟɤɜ, ŬɚɚɎ ɛŮ ˊɘɞ ɐˊɘɞ ɟɡɗɛɧ. ȷˊɧ 84,2% ůŰŬ 50 ŭɏɜŰɟŬ, ɖ ŬəɟɑɓŮɘŬ ŬɜŮɓŬɑɜŮɘ ůŰŬŭɘŬəɎ 

ůŰɞ 85,9% ůŰŬ 300 ŭɏɜŰɟŬ. ȼ ˊɟɧɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ ɞɛŬɚɐ əŬɘ ůŰŬɗŮɟɐ, ɔŮɔɞɜɧɠ ˊɞɡ 

ŮˊɘɓŮɓŬɘɩɜŮɘ ɧŰɘ ɞ RF ŮɑɜŬɘ ˊɘɞ ŬɜɗŮəŰɘəɧɠ ůŮ ɡˊŮɟˊɟɞůŬɟɛɞɔɐ əŬɘ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɞɠ ůŰɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ GTB. 

ɄŬɟɧŰɘ əŬɘ ɞɘ ŭɨɞ Ŭɚɔɧɟɘɗɛɞɘ ŮˊɤűŮɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ŭɏɜŰɟɤɜ, ɖ ɛɏɔɘůŰɖ ŬəɟɑɓŮɘŬ 

Űɞɡ RF ˊŬɟŬɛɏɜŮɘ ŮɚŬűɟɩɠ ɢŬɛɖɚɧŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ ŮəŮɑɜɖ Űɞɡ GTB. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ 

ŬɜŬŭŮɘəɜɨŮɘ Űɖ ŭɡɜŬɛɘəɐ ɡˊŮɟɞɢɐ Űɞɡ GTB ɧŰŬɜ ŮűŬɟɛɧɕŮŰŬɘ ůɤůŰɐ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ, 

əŬɗɘůŰɩɜŰŬɠ Űɞ ɘŭɘŬɑŰŮɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɔɘŬ ŰŬɝɘɜɞɛɐůŮɘɠ ɡɣɖɚɩɜ ŬˊŬɘŰɐůŮɤɜ. 














































