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ɄȺɅȽȿȼɊȼ  

ȼ Ůɜ ɚɧɔɤ ˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ ŮɟŮɡɜɎ ŰŬ ŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ Ůɜɧɠ ŬɟɢŬɘɞɚɞɔɘəɞɨ 

Űɞˊɑɞɡ ɓŬůɘůɛɏɜɖ ůŰɖɜ ůɡɔɢɩɜŮɡůɖ ŭɘɎűɞɟɤɜ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŰŮɢɜɘəɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ 

ůŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ ŮɝŮŰɎɕɞɜŰŬɘ ŰɟŮɑɠ əɨɟɘŮɠ ŰŮɢɜɞɚɞɔɑŮɠ, Űɞ ɔŮɤɟŬɜŰɎɟ, ɖ ŮˊɑɔŮɘŬ 

ɟŬŭɘɞɛŮŰɟɑŬ əŬɘ ɞɘ ˊɞɚɡűŬůɛŬŰɘəɏɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ. ȼ ɛŮɚɏŰɖ ůəɞˊŮɨŮɘ ůŰɞ ɜŬ 

ŮɜŰɞˊɑůŮɘ ɛɘŬ ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ŮˊɑɔŮɘɤɜ əŬɘ ŭɞɟɡűɞɟɘəɩɜ ůŮŰ ŭŮŭɞɛɏɜɤɜ ɖ 

ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɛɘŬ ɛɞɟűɐ ůɡɔɢɩɜŮɡůɖɠ ˊɞɡ ŮɜɘůɢɨŮɘ Űɘɠ ɞˊŰɘəɏɠ 

ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɔɘŬ ůəɞˊɞɨɠ ŬɜɑɢɜŮɡůɖɠ ɡˊŮŭɎűɘɤɜ 

ŬɟɢŬɘɞɚɞɔɘəɩɜ əŬŰŬɚɞɑˊɤɜ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ŭɘɎűɞɟŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ ɏɢɞɡɜ ŮɝŮŰŬůŰŮɑ ɔɘŬ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ŮɜŰɞˊɘůɛɞɨ ɛɘŬɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ 

Űɤɜ ɛŮŰɟɐůŮɤɜ Ůɜɧɠ ũŮɤɟŬɜŰɎɟ əŬɘ Ůɜɧɠ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ. Ⱥˊɑůɖɠ ŭɘɎűɞɟŮɠ 

ŰŮɢɜɘəɏɠ ŬɜɎɚɡůɖɠ Ůɘəɧɜɤɜ ɏɢɞɡɜ ŮűŬɟɛɞůŰɐ ́ Ɏɜɤ ůŮ ŮɘəɧɜŮɠ ́ ɞɡ ŬɜŬˊŬɟɘůŰɞɨɜ ŭŮɑəŰŮɠ 

ɓɚɎůŰɖůɖɠ. ȼ ůɡɜɞɚɘəɐ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ŬˊɞŰŮɚŮɑŰŮ Ŭˊɧ ŮˊŰɎ ɓɐɛŬŰŬ. 

ȷɟɢɘəɎ 11 ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɏɢɞɡɜ ŮɝŮŰŬůŰŮɑ ɔɘŬ 6 ŭɘŬűɞɟŮŰɘəɞɨɠ 

ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ əŬɘ Űɘɠ Űɘɛɏɠ Űɤɜ 4 əŬɜŬɚɘɩɜ əŬɘ Űɤɜ 3 ůɡɜŰŮɚŮůŰɩɜ Crop mark, 

Vegetation əŬɘ Soil ɛɘŬɠ ŮɘəɧɜŬɠ GeoEye ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ Ůɜɧɠ ɔŮɤɟŬɜŰɎɟ 

(ȸɐɛŬ 1-3). ɄŬɟɎɚɚɖɚŬ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ŬɜɎɚɡůɖɠ Ůɘəɧɜɤɜ, əɡɟɑɤɠ ŰŬɝɘɜɞɛɐůŮɘɠ, 

ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ůŮ 18 ŮɘəɧɜŮɠ ˊɞɡ ŬɜŬˊŬɟɘůŰɞɨɜ ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ (ȸɐɛŬ 4-5). ɇŬ 

ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɝɘɞɚɞɔɐɗɖəŬɜ əŬɘ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ ˊɞɡ 

ŮɑɢŬɜ ŮɝŮŰŬůŰŮɑ ŮűŬɟɛɧůŰɖəŬɜ ůŮ ɛɘŬ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ˊɞɚɡűŬůɛŬŰɘəɐ ŭɞɟɡűɞɟɘəɐ 

ŮɘəɧɜŬ (ȸɐɛŬ 6-7). ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ŮűŬɟɛɧůŰɖəŮ ůŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ŭŮŭɞɛɏɜŬ ˊŮŭɑɞɡ ŰŬ ɞˊɞɑŬ ůɡɚɚɏɢŰɖəŬɜ Ŭˊɧ Űɞ V®szto-M§gor Tell, Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŮ 

ůŰɞ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɖɠ ɃɡɔɔŬɟɑŬɠ, əŬɘ ůŮ ɛɘŬ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ GeoEye ˊɞɡ 

əŬɚɨˊŰŮɘ Űɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ. ɇŬ ůɡɜɞɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɡˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ɖ ŮűŬɟɛɞɔɐ 

ɛɞɜŰɏɚɤɜ ůɡɔɢɩɜŮɡůɖɠ ɛŮŰŬɝɨ ŭɘŬűɧɟɤɜ Ůɘŭɩɜ ŰɖɚŮˊɘůəɞˊɘəɎ ŭŮŭɞɛɏɜŬ, ˊɞɡ ůɡɢɜɎ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ ŬɟɢŬɘɞɚɞɔɘəɩɜ ŮɟŮɡɜɩɜ, ɛˊɞɟɞɨɜ ɜŬ Ůɜɘůɢɨůɞɡɜ 

ˊŮɟŬɘŰɏɟɤ Űɘɠ ɡűɘůŰɎɛŮɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ ŮűŬɟɛɞɔɏɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɡˊŮŭɎűɘɤɜ 

ŬɟɢŬɘɞɚɞɔɘəɩɜ əŬŰŬɚɞɑˊɤɜ. 
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ABSTRACT 

This diploma thesis investigates the superficial layers of an archaeological landscape 

based on the integration of various remote sensing techniques. In this study three main 

technologies are examined, namely ground-penetrating radar (GPR), ground 

spectroscopy, and multispectral satellite imagery. The study aims to identify a strong 

correlation between ground based and satellite datasets, which may lead to a form of 

integration that enhances optical remote sensing satellite images intended for 

archaeological research. For this task, different regression models have been examined 

between the measurements of a ground spectroradiometer and a GPR. Also, various 

image analysis techniques have been applied to images that represent vegetation indices. 

The overall methodology that was followed consisted of seven steps. Firstly, several 

regression models were examined for 6 different vegetation indices and the first 4 bands 

and 3 coefficients Crop mark, Vegetation and Soil of a GeoEye image in relation with the 

measurements of a GPR (Step 1-3). At the same time, various image analysis techniques, 

mainly classifications, have been applied to 18 images that represent vegetation indices 

(Step 4-5). The final outcomes were evaluated and some of the regression models that 

have been examined were projected to a high-resolution multispectral satellite image 

(Step 6-7). The proposed methodology was evaluated with a series of field data collected 

from the V®szto-M§gor Tell, located in the eastern part of Hungary, and a GeoEye 

multispectral satellite image that covers the area. The overall results indicate that fusion 

models between various types of remote sensing datasets frequently used to support 

archaeological research can further expand the current capabilities and applications for 

the detection of buried archaeological remains. 

 

Keywords: enhancement; fusion; ground spectroscopy; ground-penetrating radar (GPR); 

GeoEye; remote sensing archaeology; classification; 
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ɛɞɜŰɏɚɞɡ: Constant (b0) = 713.489, b1 = -0.006, b2 = -2.475E-006 əŬɘ b3 = -4.454E-010.

 ........................................................................................................................................ 48 

ȺɘəɧɜŬ 27: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ 
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ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant (b0) = 714.362, b1 = -0.003, b2 = -5.708E-008 

əŬɘ b3 = 8.958E-011. ...................................................................................................... 52 

ȺɘəɧɜŬ 30: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ 
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mark, Vegetation əŬɘ Soil. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.41 əŬɘ Űɞ p-

value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant (b0) = 0. 493, b1 = -5.499E-005, b2 = 

4.931E-008 əŬɘ b3 = 1.569E-011. .................................................................................. 55 
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ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ 

ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ -4 ɏɤɠ -1 Űɖɠ 

ŭŮɨŰŮɟɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɘɠ ɛŮŰɟɐůŮɘɠ 

Űɞɡ GPR ɔɘŬ ɓɎɗɖ Ŭˊɧ 0-0.60m. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.491 

əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant (b0) = 1.541, b1 = 0, b2 = 

2.500E-007 əŬɘ b3 = -1.097E-010. ................................................................................. 59 



xvii  

 

ȺɘəɧɜŬ 37: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ 

x) ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ SARVI (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ 

ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Inverse. ɆŰɖ ŭɘŬŭɘəŬůɑŬ 

ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ 0.5 ɏɤɠ 1 Űɖɠ 

ŭŮɨŰŮɟɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɘɠ ɛŮŰɟɐůŮɘɠ 
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1 

 

1 ȺɘůŬɔɤɔɐ 

Ʉɞɚɚɏɠ ŬɟɢŬɘɞɚɞɔɘəɏɠ ɏɟŮɡɜŮɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ŮˊɘɓŮɓŬɘɩɜɞɡɜ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ 

ŭɘɎűɞɟɞɘ ŬɘůɗɖŰɐɟŮɠ əŬɘ ŰŮɢɜɘəɏɠ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ɏɢɞɡɜ ɜŬ ˊɟɞůűɏɟɞɡɜ ůɖɛŬɜŰɘəɏɠ 

ŭɡɜŬŰɧŰɖŰŮɠ əŬŰɎ Űɖ ŭɘŮɝŬɔɤɔɐ ɛɘŬɠ ŬɟɢŬɘɞɚɞɔɘəɐɠ ɏɟŮɡɜŬɠ (Rowlands and Sarris, 2007; 

Neubauer and Eder-Hinterleitner 1997; Themistocleous, 2015; AsŁndulesei, 2017; 

Lasaponara et al., 2016). ɄŬɟɎ Űɖɜ ŮɡɟŮɑŬ Űɞɡɠ ɢɟɐůɖ ɧɛɤɠ, ɞɘ ŰŮɢɜɘəɏɠ ŬɡŰɏɠ 

ŮűŬɟɛɧɕɞɜŰŬɘ əŬɘ ɛŮɚŮŰɩɜŰŬɘ ůɡɜɐɗɤɠ ɝŮɢɤɟɘůŰɎ. 

ȰɜŬ ɗɏɛŬ Űɞ ɞˊɞɑɞ ɏɢŮɘ ˊɟɞůŮɚəɨůŮɘ ˊɟɧůűŬŰŬ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɤɜ ɛŮɚŮŰɖŰɩɜ ŮɑɜŬɘ ɖ 

ůɡɔɢɩɜŮɡůɖ ŭɘŬűɧɟɤɜ Ůɘŭɩɜ ŭŮŭɞɛɏɜɤɜ ŰɖɚŮˊɘůəɧˊɖůɖɠ. (Limp, F. et al., 2006; 

Agapiou et al., 2017). ȼ ůɡɔɢɩɜŮɡůɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ ɧˊɤɠ 

ˊɞɚɡűŬůɛŬŰɘəɏɠ ŮɘəɧɜŮɠ, űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟŬ, ɔŮɤɟŬɜŰɎɟ əŬɘ ɎɚɚŬ ŰɖɚŮˊɘůəɞˊɘəɎ ɛɏůŬ 

ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ Űɘɠ ŭɡɜɖŰɘəɏɠ ŬɝɑŮɠ əŬɘ Űɖɜ ŮɟɛɖɜŮɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɡŰɩɜ ˊɖɔɐɠ. 

ɀɏůŬ Ŭˊɧ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ůɡɔɢɩɜŮɡůɖɠ ɛˊɞɟɞɨɛŮ ɜŬ ɞŭɖɔɖɗɞɨɛŮ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ɛɘŬɠ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɞɟŬŰɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡɠ. Ⱥˊɞɛɏɜɤɠ ɖ ůɡɔɢɩɜŮɡůɖ ŭŮŭɞɛɏɜɤɜ 

Ŭˊɧ ŭɘɎűɞɟŬ ŰɖɚŮůəɞˊɘəɎ ɛɏůŬ, ɤɠ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ůɡɜɖɗɘůɛɏɜŮɠ ŰŮɢɜɘəɏɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŰɖɚŮˊɘůəɧˊɖůɖɠ, ůŰɞɢŮɨŮɘ ůŰɞ 

ɜŬ ůɡɜŭɡɎůŮɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ˊɎɟɗɖəŬɜ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ɢɤɟɘəɏɠ əŬɘ űŬůɛŬŰɘəɏɠ 

ŬɜŬɚɨůŮɘɠ Ŭˊɧ ŬɘůɗɖŰɐɟŮɠ ŰɞˊɞɗŮŰɖɛɏɜɞɡɠ ůŮ ŭɞɟɡűɧɟɞɡɠ, ŬŮɟɞůəɎűɖ əŬɘ ŮˊɑɔŮɘŮɠ 

ˊɚŬŰűɧɟɛŮɠ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ɛɘŬ ŰɏŰɞɘŬɠ ŬɜɎɚɡůɖɠ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ ůɡɔɢɤɜŮɡɛɏɜɤɜ 

ŭŮŭɞɛɏɜɤɜ ŰŬ ɞˊɞɑŬ ˊŮɟɘɏɢɞɡɜ ůɡɜŭɡŬůɛɏɜŮɠ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ˊɖɔɐɠ ˊɞɡ 

ůɡɚɚɏɢŰɖəŬɜ ɝŮɢɤɟɘůŰɎ Ŭˊɧ Űɞ əɎɗŮ ŭɘŬűɞɟŮŰɘəɧ ŰɖɚŮůəɞˊɘəɧ ɛɏůɞ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ůŮ ɛɘŬ ɛŮɚɏŰɖ. 

ɆŰɧɢɞɠ ɚɞɘˊɧɜ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɜŬ ŮɟŮɡɜɖɗŮɑ ˊŮɟŮŰŬɑɟɤ ɖ ˊɘɗŬɜɧŰɖŰŬ ɨˊŬɟɝɖɠ 

əɎˊɞɘŬɠ ɘəŬɜɞˊɞɘɖŰɘəɐɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ˊɞɚɡűŬůɛŬŰɘəɏɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ əŬɘ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟŬ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ɛŮŰɟɐůŮɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ əŬŰŬɔɟɎűŮɘ ɏɜŬ ɔŮɤɟŬɜŰɎɟ. Ƀ ŬˊɩŰŮɟɞɠ 

ůəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɖ ůɡɔɢɩɜŮɡůɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ ɡˊŮŭɎűɘɤɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ əŬŰŬɚɞɑˊɤɜ. ȼ ˊɟɞůˊɎɗŮɘŬ ŬɡŰɐ ɏɔɘɜŮ ɛɏůŬ Ŭˊɧ 

ɛɘŬ ˊɞɘəɘɚɑŬ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ŮűŬɟɛɞɔɐɠ ɛŮɗɧŭɤɜ ůɡɔɢɩɜŮɡůɖɠ əŬɘ ŬɜɎɚɡůɖɠ Ůɘəɧɜɤɜ 

ˊɎɜɤ ůŮ ŭŮŭɞɛɏɜŬ ˊɞɡ ůɡɚɚɏɢŰɖəŬɜ ůŮ ɏɜŬɜ ŬɟɢŬɘɞɚɞɔɘəɧ ɢɩɟɞ ůŰɖɜ əŮɜŰɟɘəɐ Ⱥɡɟɩˊɖ 

(ɃɡɔɔŬɟɑŬ) ɧˊɞɡ ɏɔɘɜŬɜ ɛŮŰɟɐůŮɘɠ ɛŮ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞ əŬɘ ɔŮɤűɡůɘəɏɠ ŭɘŬůəɞˊɐůŮɘɠ 
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ɛŮ ɔŮɤɟŬɜŰɎɟ. ɄɟɞŰɞɨ ɝŮəɘɜɐůŮɘ ɧɛɤɠ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɡŰɩɜ ɛŮɚŮŰɐɗɖəŮ 

Űɞ əɎɗŮ ŰɖɚŮˊɘůəɞˊɘəɧ ɛɏůɞ ́ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ůɡɚɚɞɔɐ Űɞɡɠ ɝŮɢɤɟɘůŰɎ əŬɘ 

ŮɜŰɞˊɑůŰɖəŬɜ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɞɡɠ. Ⱥˊɑůɖɠ ŭɘŮɟŮɡɜɐɗɖəŬɜ ɞɘ 

ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ ůɡɔɢɩɜŮɡůɖɠ əŬɘ ŰŮɢɜɘəɏɠ ŬɜɎɚɡůɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ. 

1.1 ȹɞɟɡűɞɟɘəɐ ŰɖɚŮˊɘůəɧˊɖůɖ 

ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ˊŬɟɞɡůɑŬůŮ ɟŬɔŭŬɑŬ 

ŬɜɎˊŰɡɝɖ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ŬɟɢŬɘɞɚɞɔɑŬɠ. Ƀɘ ůɨɔɢɟɞɜɞɘ ŬɟɢŬɘɞɚɧɔɞɘ ɏɢɞɡɜ Űɞ ˊɟɞŰɏɟɖɛŬ 

Űɖɠ Ůɨəɞɚɖɠ ˊɟɧůɓŬůɖɠ ůŮ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ. ɉɟɖůɘɛɞˊɞɘɞɨɜ ɛɘŬ ˊɞɘəɘɚɑŬ Ŭˊɧ 

ɞɚɞɏɜŬ əŬɘ ˊɘɞ ŮɝŮɚɘɔɛɏɜŮɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ, Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ əŬɘ Űɖɜ 

ŬɜɎɚɡůɖ Űɤɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ ɢɩɟɤɜ əŬɘ Űɞɡ ˊŮɟɑɔɡɟɞɡ Űɞɡɠ. Ƀɘ ŰŮɢɜɘəɏɠ ŬɡŰɏɠ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚŮɠ ŭɡɜŬŰɧŰɖŰŮɠ Ŭəɧɛɖ əŬɘ ůŮ ˊŮɘɟŬɛŬŰɘəɧ ůŰɎŭɘɞ. ȾŬɗɘůŰɞɨɜ ˊɚɏɞɜ 

ɞɘəɞɜɞɛɘəɎ ŮűɘəŰɧ ɔɘŬ ŬɡŰɞɨɠ ɜŬ ŭɘŮɝɎɔɞɡɜ ŬɟɢŬɘɞɚɞɔɘəɏɠ ɏɟŮɡɜŮɠ ůŮ ˊŮɟɘɞɢɏɠ ŭɨůɓŬŰŮɠ 

ɐ əŬɘ Ŭəɧɛɖ ŬŭɨɜŬŰŮɠ ůŮ ˊɟɧůɓŬůɖ Ŭˊɧ Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ. ɀŮ Űɖ ɢɟɐůɖ Űɤɜ 

ŰɖɚŮůəɞˊɘəɩɜ ɛɏůɤɜ ɞɘ ɏɟŮɡɜŮɠ ŬɡŰɏɠ Ůˊɑůɖɠ əɞůŰɑɕɞɡɜ ɚɘɔɧŰŮɟɞ əŬɘ ɖ ɧɚɖ ŭɘŬŭɘəŬůɑŬ 

Űɞɡɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ɚɘɔɧŰŮɟɞ ŮˊŮɛɓŬŰɘəɐ ɛɏɗɞŭɞɠ.  

ɇŬ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ ɛˊɞɟɞɨɜ ɜŬ əŬɚɨɣɞɡɜ Űɘɠ ˊŮɟɘɞɢɏɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɢɤɟɑɠ 

əŬɜɏɜŬ ˊŮɟɘɞɟɘůɛɧ. Ȱɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůɡɜɞˊŰɘəɐɠ əɎɚɡɣɖɠ ɛɘŬɠ ˊŮɟɘɞɢɐɠ əŬɘ 

ůɡɜŮɢɐɠ Ůɜɖɛɏɟɤůɖɠ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ Űɞɡɠ ɚɧɔɤ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ˊɞɡ ɏɢɞɡɜ ɞɘ 

ŭɞɟɡűɧɟɞɘ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ɚɐɣŮɘɠ ŬɜɎ ŰŬəŰɎ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ. ɇɞ 

ůɖɛŬɜŰɘəɧŰŮɟɞ Űɞɡɠ ˊɚŮɞɜɏəŰɖɛŬ ɧɛɤɠ ŮɑɜŬɘ ɧŰɘ ˊŬɟɏɢɞɜŰŬɘ ůŮ ˊɞɚɨ əŬɚɏɠ ˊɟɞůɘŰɏɠ 

Űɘɛɏɠ, ɐ Ŭəɧɛɖ əŬɘ ŭɤɟŮɎɜ (open data), ůŮ ɣɖűɘŬəɐ ɛɞɟűɐ. ɆŰɞ ŭɘŬŭɑəŰɡɞ ɡˊɎɟɢɞɡɜ 

ˊɞɚɚɏɠ ɘůŰɞůŮɚɑŭŮɠ ɞɟɔŬɜɘůɛɩɜ Ŭˊɧ ɢɩɟŮɠ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ, ɧˊɤɠ Űɞɡ USGS əŬɘ Űɖɠ 

ESA, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůűɏɟɞɡɜ ůŮ ɞˊɞɘɞɜŭɐˊɞŰŮ ɢɟɐůŰɖ ˊɟɧůűŬŰŮɠ əŬɘ ɡɣɖɚɐɠ 

ˊɞɘɧŰɖŰŬɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ. 

Ɇɡɜɐɗɤɠ, ŰŬ ŰɖɚŮˊɘůəɞˊɘəɎ ŭŮŭɞɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɡˊɎɟɢɞɡɜ 

ɡˊɞɣɑŮɠ ɤɠ ˊɟɞɠ Űɖɜ ɨˊŬɟɝɖ ŬɟɢŬɑɤɜ əŬŰŬɚɞɑˊɤɜ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɏŰůɘ 

ɩůŰŮ ɞɘ ŬɟɢŬɘɞɚɧɔɞɘ ɜŬ ɏɢɞɡɜ ɏɜŬɜ ɓŬɗɛɧ ɓŮɓŬɘɧŰɖŰŬɠ, ɤɠ ˊɟɞɠ Űɘɠ ɛɞɟűɏɠ əŬɘ Űɘɠ ɗɏůŮɘɠ 

ˊɞɡ ɗŬ ŮɟŮɡɜɐůɞɡɜ, ˊɟɞŰɞɨ ɞŭɖɔɖɗɞɨɜ ůŮ ɛɘŬ ŮˊŮɛɓŬŰɘəɐ əŬɘ ŭŬˊŬɜɖɟɐ ŬɜŬůəŬűɐ ůŰɖɜ 

ɡˊɧ ɛŮɚɏŰɖ ˊŮɟɘɞɢɐ. ũŮɜɘəɧŰŮɟŬ, ɞɘ ŰɖɚŮˊɘůəɞˊɘəɏɠ ŬˊŮɘəɞɜɑůŮɘɠ ŬˊɞəŬɚɨˊŰɞɡɜ Űɘɠ 

ůɢɏůŮɘɠ ɛɘŬɠ ŬɟɢŬɘɞɚɞɔɘəɐɠ ˊŮɟɘɞɢɐɠ ɛŮ Űɞ űɡůɘəɧ Űɖɠ ˊŮɟɘɓɎɚɚɞɜ. ɀŮ Űɘɠ ŭɞɟɡűɞɟɘəɏɠ 

ŮɘəɧɜŮɠ ɞɘ ŬɟɢŬɘɞɚɧɔɞɘ ɛˊɞɟɞɨɜ ɜŬ ɛŮɚŮŰɐůɞɡɜ ŮɡɟɨŰŮɟŮɠ ˊŮɟɘɞɢɏɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ 
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ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ. ȾŬɗɘůŰɎŰŮ ɔɘô ŬɡŰɞɨɠ ˊɘɞ Ůɨəɞɚɞɠ ɞ ůɢŮŭɘŬůɛɧɠ ɛɘŬɠ ŬɟɢŬɘɞɚɞɔɘəɐɠ 

ŬˊɞůŰɞɚɐɠ Ŭűɞɨ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɞɘ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ Űɞɡɠ 

ŮˊɘŰɟɏˊɞɡɜ ɤɠ ŮɟŮɡɜɖŰɏɠ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ɛɘŬ ˊɘɞ ɞɚɞəɚɖɟɤɛɏɜɖ Ɏˊɞɣɖ ɔɘŬ Űɖɜ ɡˊɧ 

ɛŮɚɏŰɖ ˊŮɟɘɞɢɐ Űɞɡɠ əŬɘ ɔɘŬ ɎɚɚŮɠ ˊɚɖɟɞűɞɟɑŮɠ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ ɞɟɔɎɜɤůɖ əŬɘ Űɖɜ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ŬɟɢŬɘɞɚɞɔɘəɐɠ ŬɜŬůəŬűɐɠ Űɞɡɠ (ɄŬɟɢŬɟɑŭɖɠ, 2015). 

1.2 ȺˊɑɔŮɘŬ ɟŬŭɘɞɛŮŰɟɑŬ ɐ ūŬůɛŬŰɞůəɞˊɑŬ 

ȼ ŮˊɑɔŮɘŬ ɟŬŭɘɞɛŮŰɟɑŬ ɐ űŬůɛŬŰɞůəɞˊɑŬ ŮɑɜŬɘ ɛɘŬ ŰŮɢɜɘəɐ ɗŮɛŮɚɘɩŭɞɡɠ ůɖɛŬůɑŬɠ ůŰɖɜ 

ŰɖɚŮˊɘůəɧˊɖůɖ, Űɧůɞ ůŮ ŮˊɑˊŮŭɞ ˊɟɤŰɞɔŮɜɩɜ ŮɟŮɡɜɩɜ ɧůɞ əŬɘ ůŮ ɚŮɘŰɞɡɟɔɘəɩɜ 

ŮűŬɟɛɞɔɩɜ. ȷůɢɞɚŮɑŰŬɘ ɛŮ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ əŬɘ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɄŮɟɘɚŬɛɓɎɜŮɘ Űɖ ɛŮɚɏŰɖ Űɤɜ 

űŬůɛŬŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŬɡŰɩɜ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɘɠ űɡůɘəɏɠ 

Űɞɡɠ ɘŭɘɧŰɖŰŮɠ. ȺɑɜŬɘ ɢɟɐůɘɛɖ ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ ŬŮɟɞɛŮŰŬűŮɟɧɛŮɜɤɜ əŬɘ 

ŭɞɟɡűɞɟɘəɩɜ ŬɘůɗɖŰɐɟɤɜ əŬɗɩɠ ŮɜŮɟɔŮɑ ɤɠ ɛɘŬ ɔɏűɡɟŬ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ 

ɛŮŰɟɐůŮɤɜ űŬůɛŬŰɘəɐɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ˊɞɡ ůɡɚɚɏɔɞɜŰŬɘ ůŮ ŮɟɔŬůŰɐɟɘŬ əŬɘ ůŰɞ 

ˊŮŭɑɞ. ɄŬɟɏɢŮɘ ɏɜŬ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖ ɓŮɚŰɑɤůɖ ɛɞɜŰɏɚɤɜ ˊɞɡ 

ůɡůɢŮŰɑɕɞɡɜ ɓɘɞűɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ ŭŮŭɞɛɏɜŬ ŰɖɚŮˊɘůəɧˊɖůɖɠ. ɇŬɡŰɧɢɟɞɜŬ, 

ŮɑɜŬɘ ɢɟɐůɘɛɖ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ ɓɏɚŰɘůŰɤɜ űŬůɛŬŰɘəɩɜ əŬɜŬɚɘɩɜ (Milton 1987). 

Ƀɘ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ Űɖɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ Űɤɜ ŮˊɑɔŮɘɤɜ 

űŬůɛŬŰɞɟŬŭɘɞɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ˊɟɞůűɏɟɞɡɜ ɜɏŮɠ ˊɟɞɞˊŰɘəɏɠ ůŰɘɠ ŬɟɢŬɘɞɚɞɔɘəɏɠ 

ɏɟŮɡɜŮɠ. Ƀɘ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ˊɞɚɡűŬůɛŬŰɘəɏɠ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ɡˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ 

ɞɘ ŬɚɚŬɔɏɠ ůŰɘɠ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ Űɖɠ ɓɚɎůŰɖůɖɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ 

ɨˊŬɟɝɖ ɗŬɛɛɏɜɤɜ ŬɟɢɘŰŮəŰɞɜɘəɩɜ əŬŰŬɚɞɑˊɤɜ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ŰŬ ɡˊŮɟűŬůɛŬŰɘəɎ 

ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜɎ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŮ ŬɟəŮŰɏɠ ɛŮɚɏŰŮɠ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ŬɟɢɘŰŮəŰɞɜɘəɎ əŬŰɎɚɞɘˊŬ. ɄŬɟɧɚŬ ŬɡŰɎ, ŮɎɜ ɖ əɎɚɡɣɖ Űɞɡ 

ŮŭɎűɞɡɠ ŭŮɜ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűɖ ŰɧŰŮ ɖ ɢɟɐůɖ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ əŬŰŬɚɐɝŮɘ ˊɟɞɓɚɖɛŬŰɘəɐ 

(Parcak, 2009). ɇɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ɧɛɤɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞűŮɡɢɗŮɑ ŮɎɜ ɡˊɎɟɢɞɡɜ ŮˊɑɔŮɘŬ 

ɡˊŮɟűŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ. ȼ ɢɟɐůɖ ŮˊɑɔŮɘɤɜ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɤɜ ɛˊɞɟŮɑ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ůűɎɚɛŬŰŬ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ 

Ŭˊɞɟɟɧűɖůɖɠ, Űɖɠ ůəɏŭŬůɖɠ əŰɚ.. ɇŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŰŬ ŮˊɑɔŮɘŬ űɞɟɖŰɎ ɟŬŭɘɧɛŮŰɟŬ 

ŬˊɞəŬɚɞɨɜŰŬɘ ˊɞɚɨ ůɡɢɜɎ ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ ɤɠ ñground truth dataò (ŮˊɑɔŮɘŬ 

Ŭɚɖɗɐ ŭŮŭɞɛɏɜŬ), ɔɘŬ Űɞ ɚɧɔɞ ɧŰɘ ůɡɚɚɏɔɞɜŰŬɘ ůŮ ůɢŮŰɘəɎ əɞɜŰɘɜɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ 
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ŬɜŰɘəŮɑɛŮɜɞ əŬɘ ɏŰůɘ ɞɘ ɞˊɞɘŮůŭɐˊɞŰŮ ŮˊɘŭɟɎůŮɘɠ ŮɑɜŬɘ ůɢŮŭɧɜ ɛɖŭŬɛɘɜɏɠ. ɈˊɧəŮɘɜŰŬɘ 

ɧɛɤɠ əŬɘ ŬɡŰɎ ůŮ ůűɎɚɛŬŰŬ ŰŬ ɞˊɞɑŬ ɞɘ ŮɟŮɡɜɖŰɏɠ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ Űɞɡɠ. 

1.3 ũŮɤűɡůɘəɏɠ ȹɘŬůəɞˊɐůŮɘɠ 

ȼ ũŮɤűɡůɘəɐ ŬˊɞŰŮɚŮɑ ɖ ŮˊɘůŰɐɛɖ ůŰɖɜ ɞˊɞɑŬ ɛŮɚŮŰɩɜŰŬɘ ɞɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ũɖɠ 

Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ Űɖɠ ɏɤɠ əŬɘ Űɖɜ ŮɝɤŰŮɟɘəɐ Űɖɠ ŬŰɛɧůűŬɘɟŬ, ŮɝɎɔɞɜŰŬɠ ˊɞɚɨŰɘɛŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ŮůɤŰŮɟɘəɐ Űɖɠ ŭɞɛɐ əŬɘ əŬŰɎůŰŬůɖ. ɉɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɞɨɠ 

əɚɎŭɞɡɠ, Űɖɜ ȾɚŬůɘəɐ ũŮɤűɡůɘəɐ, ůŰɖɜ ɞˊɞɑŬ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɤɜ ŮɟŮɡɜɩɜ Űɖɠ 

ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɎ ŮűɧŭɘŬ ɔɘŬ Űɖ ɔɜɩůɖ Űɞɡ Űɟɧˊɞɡ ɔɏɜɜɖůɖɠ, Ůɝɏɚɘɝɖɠ əŬɘ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ ũɖɠ, əŬɘ Űɖɜ ȺűŬɟɛɞůɛɏɜɖ ũŮɤűɡůɘəɐ, ůŰɖɜ ɞˊɞɑŬ ŮűŬɟɛɧɕɞɜŰŬɘ ɞɘ 

Ŭɟɢɏɠ Űɖɠ ȾɚŬůɘəɐɠ ũŮɤűɡůɘəɐɠ ɔɘŬ Űɖɜ ŬˊɞŰɨˊɤůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ əŬɘ Űɖ ɛŮɚɏŰɖ Űɤɜ 

űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜ Űɞɜ ůŰŮɟŮɧ űɚɞɘɧ 

Űɖɠ ɔɖɠ. 

ȾŬŰɎ Űɖɜ ȺűŬɟɛɞůɛɏɜɖ ũŮɤűɡůɘəɐ ŭɘŮɝɎɔɞɜŰŬɘ ɏɟŮɡɜŮɠ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ 

ůɡɚɚɞɔɐ, Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ Űɖɜ ŮɟɛɖɜŮɑŬ Űɤɜ ɔŮɤűɡůɘəɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ ɛŮ ůəɞˊɧ 

Űɖɜ ŬˊɞəɎɚɡɣɖ Űɖɠ ŮůɤŰŮɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɡˊŮŭɎűɞɡɠ ˊɞɡ 

ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɚɐɣɖ ůɡɔəŮəɟɘɛɏɜɤɜ ɛŮŰɟɐůŮɤɜ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ 

ɔŮɤűɡůɘəɩɜ ŭɘŬůəɞˊɐůŮɤɜ. ɈˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ɔŮɤűɡůɘəɏɠ ɛɏɗɞŭɞɘ əŬɘ ůŮ əɎɗŮ ɛɘŬ Ŭˊɧ 

ŬɡŰɏɠ ŮɝŮŰɎɕŮŰŬɘ ŭɘŬűɞɟŮŰɘəɐ ɢŬɟŬəŰɖɟɘůŰɘəɐ űɡůɘəɐ ɘŭɘɧŰɖŰŬ Űɞɡ ɡˊŮŭɎűɞɡɠ. 

ȾŬŰŬɚɐɔɞɡɜ ůŮ ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɞ Űɘ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ 

ɛŮɚŮŰɩɜŰŬɠ Űɖ ɢɤɟɘəɐ ɐ əŬɘ ɢɟɞɜɘəɐ ɛŮŰŬɓɞɚɐ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŬɡŰɐɠ ɘŭɘɧŰɖŰŬɠ 

(ȿŮɞɜŰŬɟɎəɖɠ, 2011). 

ɄŬɟŬŭŮɑɔɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɤɜ ɔŮɤűɡůɘəɩɜ ɛŮɗɧŭɤɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɡɢɜɎ ůŮ 

ˊŮɟɘˊŰɩůŮɘɠ ŬɟɢŬɘɞɚɞɔɘəɩɜ ŮɟŮɡɜɩɜ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛɎ ůŰɖɜ ȷɛűɑˊɞɚɖ Űɖɠ ȺɚɚɎŭŬɠ. 

ȼ ɔŮɤűɡůɘəɐ ŭɘŬůəɧˊɖůɖ əŬɘ ɖ ɔŮɤɚɞɔɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ Űɞɡ ɚɧűɞɡ ȾŬůŰɎ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰŬ Űɏɚɖ 2014. ȼ ɏɟŮɡɜŬ ŮˊɘəŮɜŰɟɩɗɖəŮ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

ɛɞɜŰɏɚɞɡ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ Ůˊɞɢɐɠ, ˊɟɘɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ˊŬɟɏɛɓŬůɖ ɔɘŬ Űɖɜ ŬɜɏɔŮɟůɖ 

Űɖɠ ɗɧɚɞɡ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɚɞɘˊɧɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɔŮɤɚɞɔɘəɏɠ əŬɘ ŰŮəŰɞɜɘəɏɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ əŬɗɩɠ əŬɘ Ŭɟɘɗɛɧɠ ɖɚŮəŰɟɘəɩɜ ŰɞɛɞɔɟŬűɘɩɜ. ȼ ŭɘŬůəɧˊɖůɖ ůŮ 

ɞɟɘůɛɏɜɞɡɠ ɢɩɟɞɡɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮűŬɟɛɧɕɞɜŰŬɠ Űɖ ɛɏɗɞŭɞ Űɖɠ ɖɚŮəŰɟɘəɐɠ 

ŰɞɛɞɔɟŬűɑŬɠ əŬɘ ůŮ ˊɞɚɨ ɛɘəɟɐ ɏəŰŬůɖ Űɞɡɠ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɔŮɤɟŬɜŰɎɟ. ȼ ɔŮɤűɡůɘəɐ 

ŭɘŬůəɧˊɖůɖ ɏŭɤůŮ ŬˊŮɘəɞɜɑůŮɘɠ Űɞɡ ŮůɤŰŮɟɘəɞɨ Űɞɡ ɚɧűɞɡ ɧˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ 
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ŬɜŰɘůŰŬŰɘəɏɠ ŭɞɛɏɠ ɞɘ ɞˊɞɑŮɠ ŭɘŮɟŮɡɜɐɗɖəŬɜ ˊŮɟŬɘŰɏɟɤ. ɆŮ ɛɑŬ ˊŮɟɑˊŰɤůɖ ɓɧɟŮɘŬ Űɖɠ 

ɗɧɚɞɡ,  ɖ ŬűŬɑɟŮůɖ Űɤɜ ɢɤɛɎŰɤɜ ŬˊɞəɎɚɡɣŮ ɧŰɘ ɖ ɡˊŮŭɎűɘŬ ŭɞɛɐ ˊɞɡ ŬˊŮɘəɞɜɑůŰɖəŮ 

ɛŮ Űɘɠ ɖɚŮəŰɟɘəɏɠ ŰɞɛɞɔɟŬűɑŮɠ ɐŰŬɜ űŬəɧɠ Ɏɛɛɞɡ, ŭɖɚŬŭɐ űɡůɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ. ɆŰɖɜ 

ɞɟɘɕɧɜŰɘŬ ŰɞɛɞɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɔɘŬ ɡɣɧɛŮŰɟɞ Űɤɜ 93 ɛɏŰɟɤɜ, ŰŬ ɗŮɟɛɎ ɢɟɩɛŬŰŬ 

ŭŮɑɢɜɞɡɜ Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ɡɣɖɚɐ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ əŬɘ ŬɜŰɑůŰɞɘɢŬ ŰŬ ɣɡɢɟɎ 

ɢɟɩɛŬŰŬ Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ɢŬɛɖɚɐ Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ (ȺɘəɧɜŬ 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 1: ɃɟɘɕɧɜŰɘŬ ŰɞɛɞɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɔɘŬ ɡɣɧɛŮŰɟɞ Űɤɜ 93 ɛɏŰɟɤɜ Űɞɡ ɚɧűɞɡ ȾŬůŰɎ. 
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1.3.1 ȸŬůɘəɏɠ ɛɏɗɞŭɞɘ ɔŮɤűɡůɘəɩɜ ŭɘŬůəɞˊɐůŮɤɜ 

ɄŬɟŬəɎŰɤ ŮˊŮɝɖɔɞɨɜŰŬɘ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɓŬůɘəɧŰŮɟŮɠ ɛŮɗɧŭɞɡɠ ɔŮɤűɡůɘəɩɜ 

ŭɘŬůəɞˊɐůŮɤɜ. 

1.3.1.1 ȸŬɟɡŰɘəɐ ɀɏɗɞŭɞɠ 

ȷɜŰɘəŮɘɛŮɜɘəɧɠ ůəɞˊɧɠ Űɖɠ ȸŬɟɡŰɘəɐɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɞ əŬɗɞɟɘůɛɧɠ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɖɠ 

ˊɡəɜɧŰɖŰŬɠ Űɞɡ ɡˊŮŭɎűɞɡɠ ůɡɚɚɏɔɞɜŰŬɠ ɛŮŰɟɐůŮɘɠ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ˊŮŭɑɞɡ ɓŬɟɨŰɖŰŬɠ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ. ȹɖɚŬŭɐ, ɔɑɜŮŰŬɘ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ŭɞɛɏɠ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ŬɜŰɑɗŮůɖ ůŰɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡɠ, ŮɑŰŮ ɗŮŰɘəɐ ŮɑŰŮ ŬɟɜɖŰɘəɐ, ɛŮ Űɞ ɔɨɟɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɞɡɠ. ɆŰɖɟɑɕŮŰŬɘ ůŰɞ ɜɧɛɞ Űɖɠ ˊŬɔəɧůɛɘŬɠ ɏɚɝɖɠ (ɓŬɟɨŰɖŰŬɠ) Űɞɡ ɁŮɨŰɤɜŬ, 

ɞ ɞˊɞɑɞɠ əŬɗɞɟɑɕŮɘ Űɖɜ ŮɚəŰɘəɐ ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑŰŬɘ ɛŮŰŬɝɨ ŭɨɞ ůɤɛɎŰɤɜ ɞɟɘůɛɏɜɖɠ 

ɛɎɕŬɠ, ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ əɎˊɞɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ. 

ɇŬ ɧɟɔŬɜŬ ɛɏŰɟɖůɖɠ Űɞɡ ˊŮŭɑɞɡ ɓŬɟɨŰɖŰŬɠ ɞɜɞɛɎɕɞɜŰŬɘ ɓŬɟɡŰɧɛŮŰɟŬ əŬɘ ɖ Ŭɟɢɐ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ŮɚŬŰɖɟɑɞɡ, ůŰɖɜ Ɏəɟɖ Űɞɡ ɞˊɞɑɞɡ 

ɓɟɑůəŮŰŬɘ əɟŮɛŬůɛɏɜɞ ɏɜŬ ůɩɛŬ ɞɟɘůɛɏɜɖɠ ɛɎɕŬɠ. ɆŰŬ ůɖɛŮɟɘɜɎ ɓŬɟɡŰɧɛŮŰɟŬ ɔɑɜŮŰŬɘ 

ɢɟɐůɖ Űɤɜ ɚŮɔɧɛŮɜɤɜ ŮɚŬŰɖɟɑɤɜ çɛɖŭŮɜɘəɞɨ ɛɐəɞɡɠè, ůŰŬ ɞˊɞɑŬ ɛɘŬ Ŭɟɢɘəɐ ŭɨɜŬɛɖ 

ůɡɔəɟŬŰŮɑ Űɘɠ ůˊŮɑɟŮɠ Űɞɡ ŮɚŬŰɖɟɑɞɡ ůŮ ŮˊŬűɐ. ȺɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɡŬɑůɗɖŰŬ ɧɟɔŬɜŬ əŬɗɩɠ 

ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ˊɑŮůɖɠ əŬɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛɏůŬ ůŮ ɗɐəŮɠ, ɧˊɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ˊɑŮůɖ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŰŬɗŮɟɏɠ 

ɛŮ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ. Ⱥˊɑůɖɠ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ ůŰɘɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ 

ŮɚŬůŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŮɚŬŰɖɟɑɤɜ, ɖ Ŭˊɞűɡɔɐ Űɤɜ ɞˊɞɑɤɜ ɧɛɤɠ ŮɑɜŬɘ ˊɞɚɚɏɠ űɞɟɏɠ 

ŭɨůəɞɚɖ əŬɗɩɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ ŮɨəɞɚŬ. 

ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ůɡɚɚɞɔɐɠ ɛŮŰɟɐůŮɤɜ ŬɟɢɘəɎ ɞɟɑɕŮŰŬɘ ɏɜŬɠ ůŰŬɗɛɧɠ ɓɎůɖɠ əŬɘ ɏɜŬ 

ŭɑəŰɡɞ Ɏɚɚɤɜ ůɖɛŮɑɤɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɏɜŬ əŬɜɞɜɘəɧ əɎɜɜŬɓɞ ɐ ɘůŬˊɏɢɞɡɜ ůŮ ɛɑŬ Űɞɛɐ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ɞɘ ɛŮŰɟɞɨɛŮɜŮɠ Űɘɛɏɠ Űɞɡ ˊŮŭɑɞɡ ɓŬɟɨŰɖŰŬɠ, ˊɟɘɜ ɡˊɞůŰɞɨɜ ɞˊɞɘŬŭɐˊɞŰŮ 

ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŮɟɛɖɜŮɡŰɞɨɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɡˊɞůŰɞɨɜ Űɘɠ əŬŰɎɚɚɖɚŮɠ ŬɜŬɔɤɔɏɠ əŬɘ 

ŭɘɞɟɗɩůŮɘɠ. 

ɆŮ ůɢɏůɖ ɛŮ Űɖɜ ɛŬɔɜɖŰɘəɐ ɛɏɗɞŭɞ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ ɡˊŮɟŰŮɟŮɑ ůŰɖɜ ŮɟɛɖɜŮɑŬ 

Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɗɩɠ ɞɘ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ŬɜɤɛŬɚɑŮɠ ɛŮɔɘůŰɞˊɞɘɞɨɜŰŬɘ ɐ 

ŮɚŬɢɘůŰɞˊɞɘɞɨɜŰŬɘ Ŭəɟɘɓɩɠ ˊɎɜɤ Ŭˊɧ Űɖɜ ɡˊŮŭɎűɘŬ ŭɞɛɐ ˊɞɡ ˊɟɞəŬɚŮɑ Űɞ ŬɜɩɛŬɚɞ 

ɓŬɟɡŰɘəɧ ˊŮŭɑɞ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ɓŬɟɡŰɘəɏɠ ŬɜɤɛŬɚɑŮɠ ŮɝŬɟŰɩɜŰŬɘ 
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ɛɧɜɞ Ŭˊɧ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɖɠ ŭɞɛɐɠ. (ɀɧŭɖɠ əŬɘ ɆŰŬɛŬŰɎəɖ, 2015; 

Gaffney et al., 2002) 

1.3.1.2 ɀŬɔɜɖŰɘəɐ ɀɏɗɞŭɞɠ 

ȼ ɀŬɔɜɖŰɘəɐ ɛɏɗɞŭɞɠ ůŰɞɢŮɨŮɘ ůŰɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ŬɚɚŬɔɐɠ Űɤɜ ɛŬɔɜɖŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

Űɞɡ ɡˊŮŭɎűɞɡɠ ɚɧɔɤ Űɖɠ ˊŬɟɞɡůɑŬɠ ŭɞɛɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ŮŭɎűɞɡɠ. ȾŬŰɎ Űɖ ŭɘŮɝŬɔɤɔɐ ɛɘŬɠ ɛŬɔɜɖŰɘəɐɠ ŭɘŬůəɧˊɖůɖɠ ɛŮŰɟɘɏŰŬɘ Űɞ Űɞˊɘəɧ 

ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ Űɖɠ ɔɖɠ ůŮ əɎˊɞɘŬ ŬˊɧůŰŬůɖ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ. ɇɞ ɓɎɗɞɠ ůŰɞ 

ɞˊɞɑɞ ŭɘŮɘůŭɨŮɘ Űɞ ɏŭŬűɞɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0.5 ɛɏŰɟŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŮɜŰɞˊɘůɛɞɨ 

ɗŬɛɛɏɜɤɜ ŬɟɢŬɑɤɜ əŬŰŬɚɞɑˊɤɜ, ɏɤɠ əŬɘ ɛŮɟɘəɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɛɏŰɟŬ əɎŰɤ Ŭˊɧ Űɞ 

ŰɞˊɞɔɟŬűɘəɧ ŬɜɎɔɚɡűɞ ɛɘŬɠ ˊŮɟɘɞɢɐɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŮɜŰɞˊɘůɛɞɨ ŬɜɤɛŬɚɘɩɜ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ. ɇŬ ůɡɜɖɗɏůŰŮɟŬ ɧɟɔŬɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ŮɑɜŬɘ ɛŬɔɜɖŰɧɛŮŰɟŬ ɛɏŰɟɖůɖɠ Űɖɠ ɞɚɘəɐɠ ɏɜŰŬůɖɠ 

Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ (ˊɟɤŰɞɜɘŬəɎ ɛŬɔɜɖŰɧɛŮŰɟŬ) ɐ ŭɘŬűɞɟɘəɎ ɛŬɔɜɖŰɧɛŮŰɟŬ 

(ˊɟɤŰɞɜɘŬəɎ ɐ ɟɞɐɠ), ŰŬ ɞˊɞɑŬ ɛŮŰɟɞɨɜ Űɖɜ əŬŰŬəɧɟɡűɖ ɓŬɗɛɑŭŬ Űɞɡ ɛŬɔɜɖŰɘəɞɨ 

ˊŮŭɑɞɡ.  

Ƀɘ ɛŬɔɜɖŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ɏɢɞɡɜ ŭɘɎűɞɟɞɘ ɡˊŮŭɎűŮɘɞɘ ůŰɧɢɞɘ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟɞɡɜ Ŭˊɧ 

ŬɡŰɏɠ Űɞɡ ɔɨɟɞ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞɡɠ, ɛŮŰŬɓɎɚɚɞɜŰŬɠ ɏŰůɘ ůŮ ɛɘəɟɧ ɐ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɞ 

Űɞˊɘəɧ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ. Ƀɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ ůŰɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŬɜ "ŬɜɤɛŬɚɑŮɠ" ůŰɘɠ ɛŮŰɟɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚɞɜŰŬɘ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ŬɑŰɘŬ əŬɘ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ɓɎůɖ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ əŬɘ 

Űɞɡ ɔŮɤɛŮŰɟɘəɞɨ Űɞɡɠ ůɢɐɛŬŰɞɠ. Ƀɘ ɛŬɔɜɖŰɘəɏɠ ŬɡŰɏɠ ŬɜɤɛŬɚɑŮɠ ŮɝŬɟŰɩɜŰŬɘ Ůˊɑůɖɠ Ŭˊɧ 

Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ Űɖɠ ɔɖɠ əŬɘ Ŭˊɧ Űɖ ŭɘŮɨɗɡɜůɖ Űɖɠ ɛŬɔɜɐŰɘůɖɠ. ũɘŬ 

Űɞ ɚɧɔɞ ŬɡŰɧ ŮɑɜŬɘ əɡɟɑɤɠ ŭɘˊɞɚɘəɞɨ ɢŬɟŬəŰɐɟŬ. ɆɢŮŰɑɕɞɜŰŬɘ ɎɛŮůŬ ɛŮ Űɖ ɛŬɔɜɖŰɘəɐ 

ŮˊɘŭŮəŰɘəɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ əŬɗɩɠ ɖ ɨˊŬɟɝɖ ŬɟɢŬɘɞɚɞɔɘəɩɜ ŮɟŮɘˊɑɤɜ ůŰɞ ɡˊɏŭŬűɞɠ 

ůɡɜɞŭŮɨŮŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ ɛɘŬ Ŭɨɝɖůɖ Űɖɠ ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ ůŰɞ ɡˊɏŭŬűɞɠ əŬɘ 

ˊɟɞəŬɚɞɨɜ ɏɜŬ ŬůɗŮɜɏɠ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ Űɞ ɞˊɞɑɞ ɛŮŰŬɓɎɚɚŮɘ Űɞ Űɞˊɘəɧ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ 

Űɖɠ ɔɖɠ. 

ɇɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ Űɖɠ ɔɖɠ ɧɛɤɠ ŭŮɜ ŮɑɜŬɘ əɎŰɘ ůŰŬɗŮɟɧ. ɀŮŰŬɓɎɚɚŮŰŬɘ ůɡɜɏɢŮɘŬ ɛŮ Űɞ 

ˊɏɟŬůɛŬ Űɞɡ ɢɟɧɜɞɡ əŬɘ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ŭɑɜŮŰŬɘ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ ɛŮŰŬɓɞɚɐ Űɞɡ. 

ɄŬɟɧɚɞ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ˊɟɞɓɚɏɣɘɛŮɠ, ɞɘ ˊŬɟɞŭɘəɏɠ ŬɡŰɏɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ 

ˊŮŭɑɞɡ Űɖɠ ɔɖɠ, ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬɗ' ɧɚɞ Űɞ ŭɘɎůŰɖɛŬ ŭɘŮɝŬɔɤɔɐɠ ɛɘŬɠ 
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ɛŬɔɜɖŰɘəɐɠ ŭɘŬůəɧˊɖůɖɠ Ŭűɞɨ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ůɡɚɚɏɔɞɜŰŬɘ ůŰɖɜ ɨˊŬɘɗɟɞ. 

(ɀɧŭɖɠ əŬɘ ɆŰŬɛŬŰɎəɖ, 2015; Robinson et al., 2008; Gaffney et al., 2002) 

1.3.1.3 ɆŮɘůɛɘəɐ ɀɏɗɞŭɞɠ 

Ƀɘ ůŮɘůɛɘəɏɠ ɛɏɗɞŭɞɘ ŭɘŮɟŮɨɜɖůɖɠ Űɞɡ ɡˊŮŭɎűɞɡɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ Ŭɟɢɐ ɧŰɘ ŰŬ ŮɚŬůŰɘəɎ 

əɨɛŬŰŬ ŰŬ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŮɢɜɖŰɎ əɘɜɞɨɜŰŬɘ ɛɏůŬ ůŰɞ ɡˊɏŭŬűɞɠ ɛŮ ŰŬɢɨŰɖŰŬ ɖ 

ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɤɜ ŮɚŬůŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ. ȼ 

ŰŬɢɨŰɖŰŬ ŭɘɎŭɞůɖɠ Űɞɡɠ ɛɏůŬ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ Űɞɡ űɚɞɘɞɨ Űɖɠ ũɖɠ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɛŮŰɟɐůŮɘɠ Űɤɜ ɢɟɧɜɤɜ ŭɘŬŭɟɞɛɐɠ Űɞɡɠ ɛɏůŬ ůŮ ŬɡŰɎ əŬɘ Űɖɜ ŮűŬɟɛɞɔɐ 

Űɤɜ ɜɧɛɤɜ Űɖɠ ūɡůɘəɐɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɡˊŬəɞɨŮɘ ɖ ŭɘɎŭɞůɖ ŬɡŰɐ.  

ɆɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ, ˊŬɟɎɔɞɜŰŬɘ ŰŮɢɜɖŰɎ əɨɛŬŰŬ (ÕŮ ŮəɟɐɝŮɘɠ, ˊŰɩůɖ ɓŬɟɩɜ, 

əɚˊ) ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ, ɐ ůŮ ɛɘəɟɧ ɓɎɗɞɠ ɛɏůŬ ů' ŬɡŰɐ (10-80 m), əŬɘ Ŭűɞɨ 

ŭɘŬŭɞɗɞɨɜ ɛɏůŬ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ Űɞɡ űɚɞɘɞɨ Űɖɠ ũɖɠ ŮˊɘůŰɟɏűɞɡɜ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɖɠ əŬɘ əŬŰŬɔɟɎűɞɜŰŬɘ ůŮ ŭɘɎűɞɟŮɠ ŬˊɞůŰɎůŮɘɠ Ŭˊɧ ůŮɘůɛɧɛŮŰɟŬ. ɀŮ ɓɎůɖ 

Űɘɠ ŬɜŬɔɟŬűɏɠ Űɞɡɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɔɟŬűɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ Űɤɜ ɢɟɧɜɤɜ ŭɘŬŭɟɞɛɐɠ Űɞɡɠ 

ůŮ ůɡɜɎɟŰɖůɖ ÕŮ Űɖɜ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŰŬɢɨŰɖŰŬ ŭɘɎŭɞůɖɠ Űɞɡɠ 

ůŮ ůɡɜɎɟŰɖůɖ ÕŮ Űɞ ɓɎɗɞɠ. ȰŰůɘ ɔɜɤɟɑɕɞɜŰŬɠ Űɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ ŬɡŰɐɠ 

ɛˊɞɟɞɨɛŮ ɜŬ ŮɜŰɞˊɑůɞɡɛŮ ɔŮɤɚɞɔɘəɏɠ ŭɞɛɏɠ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ. 

ȼ ůŮɘůɛɘəɐ ɛɏɗɞŭɞɠ ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɘɞ ŬəɟɘɓŮɑɠ ɛŮɗɧŭɞɡɠ ɔŮɤűɡůɘəɐɠ ŭɘŬůəɧˊɖůɖɠ əŬɘ 

ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ŮɟɛɖɜŮɨɞɜŰŬɘ ŮɡəɞɚɧŰŮɟŬ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Ɏɚɚɤɜ ɔŮɤűɡůɘəɩɜ 

ɛŮɗɧŭɤɜ. ɄŬɟɧɚŬ ŬɡŰɎ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɞɚɡŭɎˊŬɜɖ ɛɏɗɞŭɞɠ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ  

ŮűŬɟɛɧɕŮŰŬɘ Õɧɜɞ ɔɘŬ ɚŮˊŰɞɛŮɟɐ ɛŮɚɏŰɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ŭɞɛɩɜ. (ɀɧŭɖɠ əŬɘ 

ɆŰŬɛŬŰɎəɖ, 2015; Gaffney et al., 2002) 

1.3.1.4 ȼɚŮəŰɟɘəɏɠ ɀɏɗɞŭɞɘ 

Ɇəɞˊɧɠ Űɤɜ ɖɚŮəŰɟɘəɩɜ ɛŮɗɧŭɤɜ ŬˊɞŰŮɚŮɑ ɞ əŬɗɞɟɘůɛɧɠ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ ɖɚŮəŰɟɘəɐɠ 

ŬɜŰɑůŰŬůɖɠ Űɞɡ ɡˊŮŭɎűɞɡɠ, ŭɖɚŬŭɐ Űɖɠ ɔŮɤɖɚŮəŰɟɘəɐɠ ŭɞɛɐɠ Űɞɡ, ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ 

ɛŮŰɟɐůŮɘɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ. ɄŬɟɎɚɚɖɚŬ ůŰɞɢŮɨɞɡɜ ůŰɞ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɜ Űɘɠ 

ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ůŰɟɤɛɎŰɤɜ Űɞɡ űɚɞɘɞɨ Űɖɠ ũɖɠ. ɈˊɎɟɢɞɡɜ 

ŭɘɎűɞɟŮɠ ɖɚŮəŰɟɘəɏɠ ɛɏɗɞŭɞɘ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ɛɏɗɞŭɞɠ űɡůɘəɞɨ ŭɡɜŬɛɘəɞɨ əŬɘ ɖ 

ɛɏɗɞŭɞɠ Űɖɠ ŮˊŬɔɧɛŮɜɖɠ ˊɞɚɘəɧŰɖŰŬɠ. ȼ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ɧɛɤɠ Ŭˊɧ ŬɡŰɏɠ ŮɑɜŬɘ Űɖɠ 
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Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ ŭɘŬűɞɟɩɜ ůŰɖɜ ɖɚŮəŰɟɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ. 

ɆɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ Ůɘŭɘəɐɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ɖ ŭɘŬŭɘəŬůɑŬ ɚɐɣɖɠ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ůŰɖɟɑɕŮŰŬɘ ůŰɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŰŮůůɎɟɤɜ ɖɚŮəŰɟɞŭɑɤɜ. ȹɨɞ Ŭˊɧ ŬɡŰɎ ɔɘŬ 

Űɖɜ ŮɘůŬɔɤɔɐ ɟŮɨɛŬŰɞɠ ůŰɞ ɡˊɏŭŬűɞɠ Ůɜɩ ŰŬ ɎɚɚŬ ŭɨɞ ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ŭɘŬűɞɟɎɠ 

ŭɡɜŬɛɘəɞɨ. ɇŬ ɖɚŮəŰɟɧŭɘŬ ŬɡŰɎ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ɛɘəɟɐ ŬˊɧůŰŬůɖ əɎŰɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ, 

ˊŮɟɑˊɞɡ 10 cm, əŬɘ ůŮ ŬˊɞůŰɎůŮɘɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ɛŮɟɘəɎ ɏɤɠ ɛŮɟɘəɏɠ ŮəŬŰɞɜŰɎŭŮɠ 

ɛɏŰɟŬ. ȺˊŮɘŭɐ ɖ ũɖ ŮɑɜŬɘ ŬɜɞɛɞɘɞɔŮɜɐɠ əŬɘ ŬɜɘůɧŰɟɞˊɖ, ɖ ɛŮŰɟɞɨɛŮɜɖ ɖɚŮəŰɟɘəɐ 

ŬɜŰɑůŰŬůɖ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɖɠ ɔŮɤɖɚŮəŰɟɘəɐɠ ŭɞɛɐɠ Űɞɡ ɡˊŮŭɎűɞɡɠ əŬɘ Űɖɠ 

ɔŮɤɛŮŰɟɘəɐɠ ŭɘɎŰŬɝɖɠ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ. 

ȷɜɎɚɞɔŬ ɛŮ Űɞ ɔŮɤɚɞɔɘəɧ ˊɟɧɓɚɖɛŬ ˊɞɡ ɗŬ ŮˊɘɚɡɗŮɑ, ɡˊɎɟɢɞɡɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɐ Űɟɧˊɞɘ 

ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ. Ƀ ˊɟɩŰɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ ɖ ɔŮɤɖɚŮəŰɟɘəɐ ɢŬɟŰɞɔɟɎűɖůɖ ɖ 

ɞˊɞɑŬ ŮűŬɟɛɧɕŮŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ŬůɡɜɏɢŮɘŮɠ əŬŰɎ Űɖɜ ɞɟɘɕɧɜŰɘŬ 

ŬɜɎˊŰɡɝɖ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ. Ƀ ŭŮɨŰŮɟɞɠ Űɟɧˊɞɠ, ŮɑɜŬɘ ɖ ɔŮɤɖɚŮəŰɟɘəɐ ɓɡɗɞůəɧˊɖůɖ ɖ 

ɞˊɞɑŬ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŬɚɚŬɔɐɠ Űɖɠ ůɨůŰŬůɖɠ Űɞɡ ɡˊŮŭɎűɞɡɠ ɛŮ ɓɎůɖ 

Űɞ ɓɎɗɞɠ. (ɀɧŭɖɠ əŬɘ ɆŰŬɛŬŰɎəɖ, 2015; Robinson et al., 2008; Gaffney et al., 2002) 

1.3.1.5 ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɀɏɗɞŭɞɠ 

Ƀɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ɐ ŮˊŬɔɤɔɘəɏɠ ɛɏɗɞŭɞɘ ŭɘŬůəɧˊɖůɖɠ ɓŬůɑɕɞɜŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ 

Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŮˊŬɔɤɔɐɠ ůɨɛűɤɜŬ ɛŮ Űɞ ɞˊɞɑɞ ɏɜŬ ɛŮŰŬɓŬɚɚɧɛŮɜɞ ŮɝɤŰŮɟɘəɧ 

ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞ ɡˊɏŭŬűɞɠ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

ɖɚŮəŰɟɘəɞɨ ŮˊŬɔɤɔɘəɞɨ ɟŮɨɛŬŰɞɠ əŬɘ ŭŮɡŰŮɟŮɨɞɜŰɞɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ. Ɇəɞˊɧɠ Űɖɠ 

ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ Űɖɠ ɔŮɤɖɚŮəŰɟɘəɐɠ ŭɞɛɐɠ Űɞɡ ɡˊŮŭɎűɞɡɠ ɛŮ ɓɎůɖ Űɘɠ ɘŭɘɧŰɖŰŮɠ 

Űɞɡ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ɞɘ ɞˊɞɑŮɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖ ŭɞɛɐ Űɞɡ ɡˊŮŭɎűɞɡɠ. 

ɆɨɛűɤɜŬ ɚɞɘˊɧɜ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɜŬɚɚŬůůɧɛŮɜŬ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ɟŮɨɛŬŰŬ, ůŮ ůɡɢɜɧŰɖŰŮɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 1.000-10.000 Hz, ŰŬ 

ɞˊɞɑŬ ŮˊɎɔɞɜŰŬɘ ůŰɖ ɔɖ ɢɤɟɑɠ Űɖ ɢɟɐůɖ ɖɚŮəŰɟɞŭɑɤɜ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɖɚŮəŰɟɘəɏɠ 

ɛŮɗɧŭɞɡɠ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ Űɞ ɏŭŬűɞɠ ɏɢŮɘ ɛŮɔɎɚɖ 

Ůɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ əŬɘ Ůˊɞɛɏɜɤɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖɚŮəŰɟɘəɐ 

ůɨɜŭŮůɖ. ɄŬɟɧɚŬ ŬɡŰɎ ɧɛɤɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Ŭɔɩɔɘɛɤɜ 

ůɤɛɎŰɤɜ ůŮ ɛŮɔɎɚŬ ɓɎɗɖ ɧŰŬɜ Űɞ ŮˊɘűŬɜŮɘŬəɧ ŰɛɐɛŬ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ 

Ŭɔɩɔɘɛɞ. (ɀɧŭɖɠ əŬɘ ɆŰŬɛŬŰɎəɖ, 2015; Robinson et al., 2008; Gaffney et al., 2002) 
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1.3.1.6 ɀɏɗɞŭɞɠ Űɞɡ ɈˊŮŭɎűɘɞɡ Radar ɐ ũŮɤɟŬɜŰɎɟ (GPR ï Ground penetrating 

radar) 

ɇɞ ũŮɤɟŬɜŰɎɟ ŮɑɜŬɘ ɛɘŬ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŰŮɢɜɘəɐ ɖ ɞˊɞɑŬ 

ŮűŬɟɛɧɕŮŰŬɘ ůŰɖ ɢŬɟŰɞɔɟɎűɖůɖ Űɤɜ ůŰɟɤɛɎŰɤɜ ůŮ ŮŭɎűɖ əŬɘ ˊŮŰɟɩɛŬŰŬ əŬɘ ůŰɞɜ 

ŮɜŰɞˊɘůɛɧ ɡˊɧɔŮɘɤɜ ŭɞɛɩɜ ůŰɖɟɘɕɧɛŮɜɖ ůŰɘɠ ŭɘŬűɞɟɏɠ Űɤɜ ɖɚŮəŰɟɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ 

ɡɚɘəɩɜ. ȺɑɜŬɘ ɛɘŬ ɔŮɤűɡůɘəɐ ŰŮɢɜɘəɐ ɖ ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɢɟɧɜɞ əŬɘ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůűɏɟŮɘ ɛɘŬ ɣŮɡŭɞ-ŰɟɘůŭɘɎůŰŬŰɖ ŮɘəɧɜŬ Űɞɡ ɡˊŮŭɎűɞɡɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ 

ŰɏŰŬɟŰɖɠ ŭɘɎůŰŬůɖɠ Űɞɡ ɢɟɩɛŬŰɞɠ. Ⱥˊɑůɖɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɢŮɘ ŬəɟɘɓŮɑɠ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɞ 

ɓɎɗɞɠ ůŰɞ ɞˊɞɑɞ ɓɟɑůəɞɜŰŬɘ ɡˊŮŭɎűɘŬ ŬɜŰɘəŮɑɛŮɜŬ əŬɘ, ɡˊɧ Ůɡɜɞɥəɏɠ ůɡɜɗɐəŮɠ, ŬəɟɘɓŮɑɠ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ űɨůɖ ɗŬɛɛɏɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȽŭɘŬɑŰŮɟɖ ŮűŬɟɛɞɔɐ Űɖɠ 

ɛŮɗɧŭɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɖɜ ȷɟɢŬɘɞɛŮŰɟɑŬ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ɗŬɛɛɏɜɤɜ 

ŬɟɢŬɘɞŰɐŰɤɜ əŬɘ ŬɟɢŬɘɞɚɞɔɘəɩɜ ɚŮɘɣɎɜɤɜ. 

ɇɞ GPR ŮűŬɟɛɧɕŮɘ Űɖɜ Ŭɟɢɐ Űɖɠ ůəɏŭŬůɖɠ Űɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ ɔɘŬ Űɞɜ 

ŮɜŰɞˊɘůɛɧ ɗŬɛɛɏɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ɆŰɖɟɑɕŮŰŬɘ ůŰɖɜ Ůəˊɞɛˊɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ ůŰɞ ɡˊɏŭŬűɞɠ əŬɘ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɤɜ əɡɛɎŰɤɜ ˊɞɡ 

ŮˊɘůŰɟɏűɞɡɜ. ȼ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ ˊɞɡ ŭɘŬŭɑŭŮŰŬɘ ůŰɞ ɡˊɏŭŬűɞɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɘɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ, ŭɖɚŬŭɐ Űɖ ŭɘɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ əŬɘ Űɖɜ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ. 

ȸŬůɘəɎ, ɖ ɛɏɗɞŭɞɠ ůŰɖɟɑɕŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ŬɜŬəɚɩɛŮɜɤɜ əɡɛɎŰɤɜ ůŮ 

Ů́ ɘűɎɜŮɘŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ, ɏɜŬɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧɠ ˊŬɚɛɧɠ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ ɛɘəɟɐɠ 

ŭɘɎɟəŮɘŬɠ ˊŬɟɎɔŮŰŬɘ əŬɘ ŭɘɞɢŮŰŮɨŮŰŬɘ ůŰɞ ɏŭŬűɞɠ. ȼ ŰŬɢɨŰɖŰŬ ɛŮ Űɖɜ ɞˊɞɑŬ əɘɜŮɑŰŬɘ ɛɏůŬ 

ůŮ ŬɡŰɧ əŬɗɞɟɑɕŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɤɜ ɡɚɘəɩɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ 

ɡˊɏŭŬűɞɠ. ɇɞ əɨɛŬ ŮɝŬˊɚɩɜŮŰŬɘ əŬɘ ŰŬɝɘŭŮɨŮɘ ˊɟɞɠ ŰŬ əɎŰɤ ɛɏɢɟɘ ɜŬ ɢŰɡˊɐůŮɘ ɏɜŬ 

ŬɜŰɘəŮɑɛŮɜɞ, ˊɞɡ ɏɢŮɘ ŭɘŬűɞɟŮŰɘəɏɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ŭˊɧ Űɞ ɔɨɟɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ, 

əŬɘ ŭɘŬůəɞɟˊɑɕŮŰŬɘ. ȰɜŬ ɛɏɟɞɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ əɨɛŬŰɞɠ ŬɜŰŬɜŬəɚɎŰŬɘ ˊɑůɤ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ, Ůɜɩ Űɞ ɡˊɧɚɞɘˊɞ ɛɏɟɞɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ůɡɜŮɢɑɕŮɘ ɜŬ ŰŬɝɘŭŮɨŮɘ ˊɟɞɠ 

ŰŬ əɎŰɤ. ɇɞ əɨɛŬ ˊɞɡ ŬɜŬəɚɎŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ůɡɚɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ɛɘŬ əŮɟŬɑŬ ɚɐɣɖɠ 

əŬɘ əŬŰŬɔɟɎűŮŰŬɘ ůŮ ɛɘŬ ɣɖűɘŬəɐ ůɡůəŮɡɐ ŬˊɞɗɐəŮɡůɖɠ ɔɘŬ ɛŮŰŬɔŮɜɏůŰŮɟɖ ŮɟɛɖɜŮɑŬ. 

Ƀ ɢɟɧɜɞɠ ˊɞɡ ɛŮůɞɚŬɓŮɑ ɛŮŰŬɝɨ Űɞɡ ŮəˊŮɛˊɧɛŮɜɞɡ əŬɘ ɚŬɛɓŬɜɧɛŮɜɞɡ ˊŬɚɛɞɨ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ ŭɘɎŭɞůɖɠ Űɞɡ əŬŰɎ ɛɐəɞɠ Űɖɠ ŭɘŬŭɟɞɛɐɠ ˊɞɡ ŬɡŰɧɠ ŬəɞɚɞɨɗɖůŮ. Ƀ 

ɢɟɧɜɞɠ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɖɗŮɑ əŬɘ Ŭɜ ɖ ŰŬɢɨŰɖŰŬ ŭɘɎŭɞůɖɠ Űɞɡ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɞɨ 

əɨɛŬŰɞɠ ŮɑɜŬɘ ɔɜɤůŰɐ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ ɓɎɗɞɠ Űɞɡ ŬɜŬəɚŬůŰɐɟŬ. ȹɖɛɘɞɡɟɔŮɑŰŬɘ 
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ɚɞɘˊɧɜ ɛɑŬ Űɞɛɐ ɖ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɎɕŮɘ Űɖɜ Ŭɚɖɗɘɜɐ ɖɚŮəŰɟɘəɐ Űɞɛɐ Űɞɡ ɡˊŮŭɎűɞɡɠ, 

ŭɖɚŬŭɐ Űɖɠ ŬˊɞŰɨˊɤůɖɠ Űɤɜ ɖɚŮəŰɟɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞ ɓɎɗɞɠ.(Gaffney 

et al., 2002; Corbeanu et al., 2001; Daniels, 2000) 

ȺɘəɧɜŬ 2: ɊŮɡŭɞ-ŰɟɘůŭɘɎůŰŬŰɞɠ ɧɔəɞɠ ŭŮŭɞɛɏɜɤɜ ɔŮɤɟŬɜŰɎɟ. Ƀ ɎɝɞɜŬɠ ɉ əŬɘ Y 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞɜ əɎɜɜŬɓɞ (ŬˊɞůŰɎůŮɘɠ ůŮ ɛɏŰɟŬ) Űɖɠ ˊŮɟɘɞɢɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ ɧˊɞɡ 

ŭɘŮɝɎɢɗɖəŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ Ůɜɩ ɞ ɎɝɞɜŬɠ Ȼ Űɞ ɓɎɗɞɠ ůŮ ɛɏŰɟŬ. ɇɞ ɢɟɩɛŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŰŬ 

ůɢŮŰɘəɎ ˊɚɎŰɖ Űɖɠ ŬɜŰŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ. (Corbeanu et al., 2001) 

1.4 ɆɡɔɢɩɜŮɡůɖ ȹŮŭɞɛɏɜɤɜ (Fusion of Data) 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Khaleghia et al. (2013) ɖ ůɡɔɢɩɜŮɡůɖ ŭŮŭɞɛɏɜɤɜ ŬˊɞŰŮɚŮɑ ɛɘŬ 

ŭɨůəɞɚɖ ŭɘŬŭɘəŬůɑŬ ɔɘŬ ŭɘɎűɞɟɞɡɠ ɚɧɔɞɡɠ. Oɘ ɚɧɔɞɘ ŬɡŰɞɑ ˊɟɞəɨˊŰɞɡɜ əɡɟɑɤɠ Ŭˊɧ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ůɡɔɢɤɜŮɡŰɞɨɜ, Űɘɠ ŬŰɏɚŮɘŮɠ əŬɘ Űɖɜ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɤɜ 

ŰŮɢɜɞɚɞɔɘɩɜ Űɤɜ ŬɘůɗɖŰɐɟɤɜ, əŬɗɩɠ əŬɘ Űɖ űɨůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŮűŬɟɛɞɔɐɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ŭŮŭɞɛɏɜŬ ˊɖɔɐɠ ˊɞɡ əŬŰŬɔɟɎűŮɘ ɞ əɎɗŮ ŬɘůɗɖŰɐɟŬɠ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ 

əɎˊɞɘŬ ůűɎɚɛŬŰŬ əŬɘ ŬɓŮɓŬɘɧŰɖŰŮɠ ůŰɘɠ ɛŮŰɟɐůŮɘɠ. ũɘŬ ŰŬ ůűɎɚɛŬŰŬ ŬɡŰɎ əŬɘ ɔɘŬ Űɘɠ 

ŬɓŮɓŬɘɧŰɖŰŮɠ ŬɡŰɏɠ ˊɟɏˊŮɘ ɞɘ ŭɘɎűɞɟɞɘ Ŭɚɔɧɟɘɗɛɞɘ ůɡɔɢɩɜŮɡůɖɠ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ 

ɛˊɞɟɞɨɜ ɜŬ ŰŬ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ əŬɘ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɞɨɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡɠ, ɧˊɤɠ Ůˊɑůɖɠ 

əŬɘ Űɘɠ ŬɓŮɓŬɘɧŰɖŰŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ŬůɎűŮɘŮɠ əŬɘ Űɘɠ ŬůɡɜɏˊŮɘŮɠ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɞ ɞˊɞɑɞ ůɡɚɚɏɢŰɖəŬɜ ŰŬ ŭŮŭɞɛɏɜŬ ˊɖɔɐɠ. ɀŮ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ Ŭˊɧ 
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Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ˊɟɏˊŮɘ ɜŬ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ əŬɘ ŰŬ ŮŰŮɟɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ɏŰůɘ ɩůŰŮ ɜŬ 

ŬˊɞűŮɨɔɞɜŰŬɘ ɚŬɜɗŬůɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŮɟɛɖɜŮɑŮɠ. Ⱥˊɑůɖɠ ɞˊɞɘŮůŭɐˊɞŰŮ 

ůɡůɢŮŰɑůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ůɞɓŬɟɎ ɡˊɧɣɖ ɏŰůɘ ɩůŰŮ ɜŬ 

ŬˊɞűŮɨɔɞɜŰŬɘ Űɡɢɩɜ ɚɎɗɖ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɇŬ ɞɛɞɔŮɜɐ ɐ ŮŰŮɟɞɔŮɜɐ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ůɡɚɚɏɝɞɡɜ ŰŬ ŭɘɎűɞɟŬ ŭɑəŰɡŬ ŬɘůɗɖŰɐɟɤɜ ˊɟɏˊŮɘ ɜŬ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ əŬɘ ůŰɘɠ 

ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ ɏɜŬ ůɨůŰɖɛŬ ůɡɔɢɩɜŮɡůɖɠ ŭŮŭɞɛɏɜɤɜ Ůɜɩ ˊɟɘɜ Ŭˊɧ əɎɗŮ 

ůɡɔɢɩɜŮɡůɖ Űɞɡɠ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ əŬɜɞɜɘəɞˊɞɑɖůɖ əŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɞɡɠ ůŮ ɏɜŬ 

əɞɘɜɧ ˊɚŬɑůɘɞ ɧˊɤɠ əŬɘ ɖ əŬŰŬɔɟŬűɐ Űɞɡɠ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ŬɜɎˊŰɡɝɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

ůɡɔɢɩɜŮɡůɖɠ ůŰɖɜ ˊɟɎɝɖ. Ⱥˊɘˊɚɏɞɜ ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ ˊɞɚɚŬˊɚɩɜ ůŰɧɢɤɜ ˊŬɟɞɡůɘɎɕŮɘ 

ɛŮɔɎɚɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ ůŰŬ ůɡůŰɐɛŬŰŬ ůɡɔɢɩɜŮɡůɖɠ, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ Ůɜɧɠ ůŰɧɢɞɡ, əŬɘ ŭɡůəɞɚɑŮɠ ɧˊɤɠ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ 

ŭŮŭɞɛɏɜɤɜ. ȷəɧɛŬ ɏɜŬɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ əŬɗɘůŰɎ Űɖɜ ůɡɔɢɩɜŮɡůɖ ŭŮŭɞɛɏɜɤɜ ɤɠ ɛɘŬ 

ŭɨůəɞɚɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȼ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ɛŮŰɟɞɨɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮűŬɟɛɞůŰŮɑ ŮɑŰŮ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ, ɔɘŬ əɎɗŮ 

ŬɘůɗɖŰɐɟŬ ɝŮɢɤɟɘůŰɎ, ŮɑŰŮ ůŮ əŬɗɞɚɘəɧ ŮˊɑˊŮŭɞ, əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɡɔɢɩɜŮɡůɖɠ, 

ɏŰůɘ ɩůŰŮ ɜŬ ůɡɛˊɘŮůɗɞɨɜ ůŮ ŭŮŭɞɛɏɜŬ ɚɘɔɧŰŮɟɤɜ ŭɘŬůŰɎůŮɤɜ ɡˊɞɗɏŰɞɜŰŬɠ ɧɛɤɠ 

ˊɎɜŰɞŰŮ ɧŰɘ ɖ ŬˊɩɚŮɘŬ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖ ůɡɛˊɑŮůɖ ŬɡŰɐ ŮˊɘŰɟɏˊŮŰŬɘ ɤɠ ɏɜŬ 

ɞɟɘůɛɏɜɞ ŮˊɑˊŮŭɞ. ɇɞ ůŰɎŭɘɞ Űɖɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ Ŭűɞɨ ɛˊɞɟŮɑ ɜŬ 

ˊŮɟɘɞɟɑůŮɘ ůɖɛŬɜŰɘəɎ Űɞɜ ɡˊɞɚɞɔɘůŰɘəɧ űɧɟŰɞ Űɖɠ ůɡɔɢɩɜŮɡůɖɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 

əŬɗɞɚɘəɐɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ. Ⱥɜ ŰɏɚŮɘ, ŰŬ űŬɘɜɧɛŮɜŬ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ůŰŬŰɘəɎ, ŭɖɚŬŭɐ ŬɛŮŰɎɓɚɖŰŬ ůŰɞ ɢɟɧɜɞ, ɐ ŭɡɜŬɛɘəɎ, ŭɖɚŬŭɐ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ŭɘŬɟəɩɠ ɛŮ 

Űɞ ˊɏɟŬůɛŬ Űɞɡ ɢɟɧɜɞɡ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŭɡɜŬɛɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ůɡɔɢɩɜŮɡůɖɠ ɜŬ ŮɜůɤɛŬŰɩɜŮɘ ɏɜŬ ˊɟɧůűŬŰɞ ɘůŰɞɟɘəɧ ɛŮŰɟɐůŮɤɜ ůŰɖ ɧɚɖ 

ŭɘŬŭɘəŬůɑŬ Űɞɡ. ɄŬɟɧɚɞ ˊɞɡ ˊɞɚɚɎ Ŭˊɧ ŬɡŰɎ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ əŬɘ 

ŮɟŮɡɜɖɗŮɑ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ əŬɜɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ůɡɔɢɩɜŮɡůɖɠ ŭŮŭɞɛɏɜɤɜ ŭŮɜ ɓɟɑůəŮŰŬɘ 

ůŮ ɗɏůɖ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ ɧɚŮɠ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ˊɟɞəɚɐůŮɘɠ ɛŬɕɑ. 

Ƀɘ ɛɏɗɞŭɞɘ ůɡɔɢɩɜŮɡůɖɠ ŭŮŭɞɛɏɜɤɜ ŮəŰŮɑɜɞɜŰŬɘ ůŮ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ Ŭˊɧ 

ˊɟɞůŮɔɔɑůŮɘɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɞɨɠ ŰɞɛŮɑɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖ ɛɏɗɞŭɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɛˊɞɟɞɨɜ ɜŬ ɡɚɞˊɞɘɖɗɞɨɜ ŭɘŬűɞɟŮŰɘəɞɑ ůŰɧɢɞɘ ɐ ɞűɏɚɖ. ɆŰɞɜ ŰɞɛɏŬ Űɤɜ ɔŮɤűɡůɘəɩɜ 

ŬɜŬůəɞˊɐůŮɤɜ, ˊɞɚɚɞɑ Ŭˊɧ ŬɡŰɞɨɠ ˊɟɞůűɏɟɞɡɜ ɓŮɚŰɘɤɛɏɜɞɡɠ Űɟɧˊɞɡɠ ɔɘŬ Űɖɜ 

ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ɡˊŮŭɎűɘɤɜ ůŰɞɘɢŮɘɩɜ, ŬˊŮɘəɞɜɑɕɞɜŰŬɠ ˊɞɚɚŬˊɚɏɠ 

ɔŮɤűɡůɘəɏɠ ŭɘŬůŰɎůŮɘɠ ŰŬɡŰɧɢɟɞɜŬ. ɀŮɟɘəɞɑ ɓɞɖɗɞɨɜ ůŰɞ ɜŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŬűɏůŰŮɟŬ 
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ɞɘ ŬɜɤɛŬɚɑŮɠ Ůɜɩ Ɏɚɚɞɘ ůŰɖ ɓŮɚŰɑɤůɖ Űɖɠ ɗŮɤɟɖŰɘəɐɠ əŬŰŬɜɧɖůɖɠ Űɤɜ ůɢɏůŮɤɜ ɛŮŰŬɝɨ 

Űɤɜ ŭɘɎűɞɟɤɜ ɔŮɤűɡůɘəɩɜ ɛŮɗɧŭɤɜ əŬɘ ŬɟɢŬɘɞɚɞɔɘəɩɜ əŬŰŬɗɏůŮɤɜ, ɛɏůɤ ɔɟŬűɘəɩɜ 

əŬɘ ůŰŬŰɘůŰɘəɩɜ ɛɏůɤɜ. Ⱥˊɑůɖɠ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ əɎˊɞɘɞɘ ɓŮɚŰɘɩɜɞɡɜ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ Ůɑŭɞɡɠ Űɞɡ ŬɟɢŬɘɞɚɞɔɘəɞɨ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ 

Ŭˊɧ ɛɘŬ ŬɜɤɛŬɚɑŬ, ɔŮɔɞɜɧɠ ˊɞɡ ůɡɛɓɎɚɚŮɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɟɛɖɜŮɑŬɠ. ɃɟɘůɛɏɜŮɠ 

ŰŮɢɜɘəɏɠ ɛˊɞɟɞɨɜ ɜŬ Ůɜɘůɢɨůɞɡɜ Űɖɜ ŬɜŬɕɐŰɖůɖ ŮɡɟɖɛɎŰɤɜ, əŬɗɘůŰɩɜŰŬɠ ůŬűŮɑɠ ɜɏŮɠ 

ŬɜɤɛŬɚɑŮɠ ɞɘ ɞˊɞɑŮɠ ŭŮɜ ɐŰŬɜ ɞɟŬŰɏɠ ůŮ əŬɜɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. ɈˊɎɟɢɞɡɜ ɛɏɗɞŭɞɘ 

ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ůɢŮŰɘəɎ ˊɞɚɨ Ůɨəɞɚɞɘ ůŰɖɜ əŬŰŬɜɧɖůɖ əŬɘ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ Ůɜɩ əɎˊɞɘɞɘ 

Ɏɚɚɞɘ ɏɢɞɡɜ ŮɝŬɘɟŮŰɘəɎ ˊɞɚɨˊɚɞəɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ. ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ŰɎɝɖɠ, ɞɘ 

ɛɏɗɞŭɞɘ ŬɡŰɞɑ ɏɢɞɡɜ ɞɛŬŭɞˊɞɘɖɗŮɑ ůŮ ŮˊŰɎ ɓŬůɘəɞɨɠ ŰɞɛŮɑɠ ůɡɔɢɩɜŮɡůɖɠ ɞɘ ɞˊɞɑɞɘ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ Ůɝɐɠ ɛŮɗɧŭɞɡɠ: 

1. Ɉ́ ɏɟɗŮůɖ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬˊɞŰŮɚŮɑ Űɖɜ ˊŬɟŬŭɞůɘŬəɐ ˊɟɞůɏɔɔɘůɖ ŮɟɛɖɜŮɑŬɠ 

2. ȹɖɛɘɞɡɟɔɑŬ ɏɔɢɟɤɛɤɜ ůɨɜɗŮŰɤɜ (RGB / HIS əŰɚ.) ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ 

ɡˊɏɟɗŮůɖ ŭŮŭɞɛɏɜɤɜ. 

3. Boolean ɎɚɔŮɓɟŬ əŬɘ ŰŮɢɜɘəɏɠ ɞɛŬŭɞˊɞɑɖůɖɠ. 

4. ȷˊɚɏɠ ɛŬɗɖɛŬŰɘəɏɠ ˊɟɎɝŮɘɠ, ɧˊɤɠ ŬɗɟɞɑůɛŬŰŬ, ˊɖɚɑəɞ əŰɚ. 

5. ɄɞɚɡˊŬɟŬɔɞɜŰɘəɏɠ ɛɏɗɞŭɞɘ ɧˊɤɠ ɖ ȷɜɎɚɡůɖ Ⱦɡɟɑɤɜ ɆɡɜɘůŰɤůɩɜ əŬɘ ŬɜŬɚɨůŮɘɠ 

ůɡůɢŮŰɑůŮɤɜ.  

6. ȺɡűɡŮɑɠ Ŭɚɔɧɟɘɗɛɞɑ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɔɜɩůɖ Ŭˊɧ ˊɟɞɖɔɛɏɜŮɠ ɛɖɢŬɜɐɠ 

ɛɎɗɖůɖɠ. 

7. ȰɛˊŮɘɟŬ ůɡůŰɐɛŬŰŬ. 

Ʉɞɚɚɞɑ Ŭˊɧ Űɞɡɠ ɛŮɗɧŭɞɡɠ ůɡɔɢɩɜŮɡůɖɠ ˊɞɡ ŮɛˊɑˊŰɞɡɜ ůŰɞɡɠ ŮˊŰɎ ŬɡŰɞɨɠ ɓŬůɘəɞɨɠ 

ŰɞɛŮɑɠ ŮűŬɟɛɧůŰɖəŬɜ ůŮ ŭŮŭɞɛɏɜŬ ˊɞɡ ůɡɚɚɏɢŰɖəŬɜ ůŰɞɜ ŬɟɢŬɘɞɚɞɔɘəɧ ɢɩɟɞ Army City 

(Fort Riley, Kansas), Ŭˊɧ Űɞ ȾɏɜŰɟɞ Ʉɟɞɖɔɛɏɜɤɜ ɉɤɟɘəɩɜ ɇŮɢɜɞɚɞɔɘɩɜ, Űɞ ɇɛɐɛŬ 

ȷɜɗɟɤˊɞɚɞɔɑŬɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ ȷɟəɎɜůŬɠ, Űɞ ERDC CERL əŬɘ Űɞ ȾɏɜŰɟɞ 

ȹɘŬůŰɖɛɘəɩɜ ɄŰɐůŮɤɜ Marshall Űɖɠ NASA ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ SERDP CS-

1263 (Limp, F. et al., 2006). ũɘŬ Űɞɡɠ ůəɞˊɞɨɠ Űɖɠ ɏɟŮɡɜŬɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ŮűŬɟɛɧůŰɖəŬɜ ŮˊɑɔŮɘŮɠ ɔŮɤűɡůɘəɏɠ, ŮɜŬɏɟɘŮɠ əŬɘ ŭɞɟɡűɞɟɘəɏɠ 

ŰŮɢɜɞɚɞɔɑŮɠ. Ƀɘ ɛŮɚɏŰŮɠ ˊɞɡ ŭɘŮɝɎɢɗɖəŬɜ ůŰɞɜ ɢɩɟɞ ŬɡŰɧ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛŮŰŬɝɨ Ɏɚɚɤɜ 

ɛŬɔɜɖŰɘəɏɠ ŭɘŬůəɞˊɐůŮɘɠ, ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ɛŬɔɜɖŰɘəɐ ŮˊɘŭŮəŰɘəɧŰɖŰŬ 

əŬɘ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ŮŭɎűɞɡɠ, ɛŮŰɟɐůŮɘɠ ɛŮ ɔŮɤɟŬɜŰɎɟ əŬɘ ɚɐɣɖɠ ɡɣɖɚɐɠ 

ŬɜɎɚɡůɖɠ ˊɞɚɡűŬůɛŬŰɘəɩɜ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ. Ⱥˊɑůɖɠ ˊɞɚɚɞɑ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ 
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ɛŮɗɧŭɞɡɠ ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ əŬɘ ůŮ ŭŮŭɞɛɏɜŬ ˊɞɡ ůɡɚɚɏɢŰɖəŬɜ ůŰɞɜ ŬɟɢŬɘɞɚɞɔɘəɧ ɢɩɟɞ 

Űɖɠ ɅɤɛŬɥəɐɠ ˊɧɚɖɠ Carnuntum Űɞɡ ŬɜŬŰɞɚɘəɞɨ ŰɛɐɛŬŰɞɠ Űɖɠ ȷɡůŰɟɑŬɠ Űɞ 1996 

(Neubauer and Eder-Hinterleitner 1997) ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŮ ˊɞɚɚɏɠ ɎɚɚŮɠ 

ŰɖɚŮˊɘůəɞˊɘəɏɠ ɏɟŮɡɜŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬɟɢŬɘɞɚɞɔɑŬ (Themistocleous, 2015; 

Armesto-Gonz§lez et al., 2010; AsŁndulesei, 2017; Lasaponara et al., 2016; Agapiou, et 

al., 2017; Rowlands and Sarris, 2007). ɄŬɟŬəɎŰɤ ŬɜŬűɏɟŮŰŮ ɖ ŮˊŮɝɐɔɖůɖ Űɤɜ 

ɓŬůɘəɧŰŮɟɤɜ ɛŮɗɧŭɤɜ ůɡɔɢɩɜŮɡůɖɠ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ ŭɘɎűɞɟŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɞɡɠ ůŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ůɡɚɚɏɢŰɖəŬɜ ůŰɘɠ ŭɘɎűɞɟŮɠ ŬɡŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɟɢŬɘɞɚɞɔɘəɩɜ ŮɟŮɡɜɩɜ. 

1.4.1 ɄŬɟŬŭɞůɘŬəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ŮɟɛɖɜŮɑŬɠ ɛŮ ůɡɔɢɩɜŮɡůɖ ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ 

Ŭˊɚɏɠ ɔɟŬűɘəɏɠ ɡˊŮɟɗɏůŮɘɠ Űɤɜ ŭɘŬɜɡůɛŬŰɘəɩɜ ŬɜɤɛŬɚɘɩɜ 

ȷˊɞŰŮɚŮɑ Űɖ ɛŮŰŬŰɟɞˊɐ ůɡɜŮɢɧɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ Űɨˊɞɡ raster ůŮ ŭɘŬəŮəɟɘɛɏɜŬ 

ůɖɛŮɘŬəɎ, ɔɟŬɛɛɘəɎ əŬɘ ŮˊɘűŬɜŮɘŬəɎ ŭɘŬɜɨůɛŬŰŬ ˊɞɡ ŬɜŬˊŬɟɘůŰɞɨɜ ɏɜŬ ůɖɛŬɜŰɘəɧ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ. ũɘŬ əɎɗŮ ɏɟŮɡɜŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ɝŮɢɤɟɘůŰɧɠ 

ɢɎɟŰɖɠ ˊɞɡ ŮɛűŬɜɑɕŮɘ ŮɟɛɖɜŮɡɛɏɜŮɠ Űɘɠ ŬɜɤɛŬɚɑŮɠ ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ. ȺɎɜ ɞɘ ɢɎɟŰŮɠ 

ŬɡŰɞɑ ůɡɜŭɡŬůŰɞɨɜ əŬɘ ŮˊɘəŬɚɡűɗɞɨɜ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɛɘŬ ɛɞɟűɐ ůɡɔɢɩɜŮɡůɖɠ 

ŭŮŭɞɛɏɜɤɜ. 
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ȺɘəɧɜŬ 3: ȺɟɛɖɜŮɡŰɘəɎ ŭɘŬɜɨůɛŬŰŬ ŮˊɘəŬɚɡˊŰɧɛŮɜŬ ˊɎɜɤ ůŮ ɔŮɤűɡůɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ɛŮŰŬɝɨ 

Űɞɡɠ. ȾɎɗŮ ɢɟɩɛŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŭɘŬűɞɟŮŰɘəɐ ˊɚɖɟɞűɞɟɑŬ: əɑŰɟɘɜɞ = ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ, ˊɟɎůɘɜɞ = ɔŮɤɟŬɜŰɎɟ, əɡŬɜɧ = ɛŬɔɜɖŰɘəɐ ɓŬɗɛɑŭɤůɖ, ɚŮɡəɧ = ɛŬɔɜɖŰɘəɐ 

ŮˊɘŭŮəŰɘəɧŰɖŰŬ, əɧəəɘɜɞ = ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ, ɛŬŰɕɏɜŰŬ = ɗŮɟɛɘəɧ ɡˊɏɟɡɗɟɞ, ɏɜŰɞɜŮɠ-

ŬɜɗŮəŰɘəɏɠ ŬɜɤɛŬɚɑŮɠ = ůɡɛˊŬɔɐ űɤŰŮɘɜɎ ɢɟɩɛŬŰŬ, ŭɨůəɞɚŮɠ ůŰɖɜ ˊŮɟɘɔɟŬűɐ əŬɘ ŬɜɎɚɡůɖ 

ŬɜɤɛŬɚɑŮɠ = ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɔɟŬɛɛɏɠ ůəɑŬůɖɠ ɐ ɗŬɛˊɞɨ ɢɟɩɛŬŰɞɠ ŭɘŬɜɨůɛŬŰŬ. (Limp, F. et 

al., 2006) 

ȺɘəɧɜŬ 4: ȺɜŰɞˊɘůɛɧɠ ŬɜɤɛŬɚɘɩɜ Ŭˊɧ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ. (ȷ) ɃɟɗɞűɤŰɞɔɟŬűɑŬ, (B) ˊɘɗŬɜɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ ˊɞɚɘŰɘůŰɘəɧ ŮɜŭɘŬűɏɟɞɜ. (AsŁndulesei, 2017) 

1.4.2 ũɟŬűɘəɞɑ ɛɏɗɞŭɞɘ ɞɘ ɞˊɞɑɞɘ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ɡˊŮɟɗɏůŮɘɠ ɛɏɢɟɘ ŭɖɛɘɞɡɟɔɑŮɠ 

ɏɔɢɟɤɛɤɜ ůɨɜɗŮŰɤɜ əŬɘ ɖɛɘŭɘŬűŬɜɩɜ Ůˊɘˊɏŭɤɜ ŭŮŭɞɛɏɜɤɜ 

1.4.2.1 ũɟŬűɘəɏɠ ɡˊŮɟɗɏůŮɘɠ (Graphic overlays) 

ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ ůɡɜŮɢɩɜ ŭŮŭɞɛɏɜɤɜ 

ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ɢɎɟŰŮɠ ŮɑɜŬɘ ŰŬ ˊŮɟɘɔɟɎɛɛŬŰŬ ɛŮ ɔɟŬɛɛɏɠ ˊɞɡ ŬɜŬˊŬɟɘůŰɞɨɜ ɛŮŰɟɐůŮɘɠ 

ɛŮ ɑůŮɠ Űɘɛɏɠ, ŭɘŬɓŬɗɛɑůŮɘɠ Űɞɡ ɔəɟɘ ɐ ŬˊɞɢɟɩůŮɤɜ ˊɞɡ ŮəűɟɎɕɞɡɜ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

ɛŮŰɟɐůŮɤɜ, ůəɑŬůɖ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ŬˊɧŰɞɛɖ əɚɑůɖ ůŮ ŰɟɘůŭɘɎůŰŬŰŮɠ ŮˊɘűɎɜŮɘŮɠ əŬɘ 

ɣŮɡŭɞ-ŰɟɘůŭɘɎůŰŬŰŮɠ ˊɟɞɓɞɚɏɠ ɧˊɞɡ ɞ əɎɗŮŰɞɠ ɎɝɞɜŬɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 
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ɛŮŰɟɐůŮɤɜ. ȾɎɗŮ ɛɘŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɛŮɗɧŭɞɡɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɜŬ 

ˊŬɟɞɡůɘɎůŮɘ ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. ɀˊɞɟɞɨɛŮ ɧɛɤɠ ɜŬ ˊŬɟɞɡůɘɎůɞɡɛŮ ŰŬɡŰɧɢɟɞɜŬ 

ˊɞɚɚɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɖɜ ŮˊɘəɎɚɡɣɖ Űɞɡɠ, ɏɢɞɜŰŬɠ ɏŰůɘ ɏɜŬ ŬˊɞŰɏɚŮůɛŬ 

ůɡɔɢɩɜŮɡůɖɠ ŭŮŭɞɛɏɜɤɜ.  

 

ȺɘəɧɜŬ 5: ɆɡɔɢɩɜŮɡůɖ ŭŮŭɞɛɏɜɤɜ ɛŮ ɔɟŬűɘəɐ ɡˊɏɟɗŮůɖ. ũɟŬɛɛɏɠ ɑůɞɡ ɛŮɔɏɗɞɡɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ (ɎůˊɟŮɠ) ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ˊɎɜɤ ůŮ ɏɜŬ ɏɔɢɟɤɛɞ raster ɛŮ 

Űɘɛɏɠ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ ˊɎɜɤ Ŭˊɧ ɛɘŬ ůəɘŬůɛɏɜɖ ŮˊɘűɎɜŮɘŬ ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ. 

(Limp, F. et al., 2006) 

1.4.2.2 ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ RGB 

ɇŬ ɏɔɢɟɤɛŬ ůɨɜɗŮŰŬ RGB ŬˊɞŰŮɚɞɨɜ ɛɘŬ Űɡˊɘəɐ ɛɞɟűɐ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ŭɞɟɡűɞɟɘəɩɜ 

Ůɘəɧɜɤɜ Ůŭɩ əŬɘ ˊɞɚɚɎ ɢɟɧɜɘŬ. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ ůŮ ŰɟɑŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ 

ŬɜŬŰɑɗŮŰŬɘ ɏɜŬ ɓŬůɘəɧ ɢɟɩɛŬ. ȷəɞɚɞɨɗɤɠ ɞɘ ŮɘəɧɜŮɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ůɡɜŭɡɎɕɞɜŰŬɘ ɔɘŬ 

ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɏɔɢɟɤɛŬ ůɨɜɗŮŰŬ ˊɞɡ əŬɚɨˊŰɞɡɜ ˊɚɐɟɤɠ Űɞ ɞˊŰɘəɧ űɎůɛŬ.(ȺɘəɧɜŬ 

5b, 5h) ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ˊŮɟɘůůɧŰŮɟŬ ɢɟɩɛŬŰŬ əŬɘ Űɞ əŬɗɏɜŬ ŬˊɞűɏɟŮɘ ŭɘŬűɞɟŮŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ. ȼ ŮˊɘəɎɚɡɣɖ 

ˊŮɟɘůůɧŰŮɟɤɜ ɢɟɤɛɎŰɤɜ Ŭˊɧ ŰŬ ŰɟɑŬ Űɞɡ RGB, ŭɖɚŬŭɐ ˊŮɟɘůůɧŰŮɟɤɜ ŭɘŬůŰɎůŮɤɜ 

ŭŮŭɞɛɏɜŬ, ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ ŭɘŬűŬɜŮɘɩɜ. ɆŮ əɎɗŮ ɞɛɎŭŬ Ůɜɧɠ 

ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ ŬɜŬŰɑɗŮŰŬɘ ŭɘŬűɞɟŮŰɘəɧ ɢɟɩɛŬ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɧɚŮɠ ɞɘ ɞɛɎŭŮɠ, ŮəŰɧɠ 

Ŭˊɧ ɛɘŬ, ɔɑɜɞɜŰŬɘ ŭɘŬűŬɜŮɑɠ ŮɘəɧɜŮɠ əŬɘ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ˊɎɜɤ ůŰɖɜ ŮɘəɧɜŬ Űɖɠ ɞɛɎŭŬɠ ɖ 
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ɞˊɞɑŬ ˊŬɟŬɛɏɜŮɘ ŬŭɘŬűŬɜɏɠ ŮɘəɧɜŬ.  ȰŰůɘ əŬŰŬɚɐɔɞɡɛŮ ůŮ ɛɘŬ əŬɚɨŰŮɟɖ ŬˊŮɘəɧɜɘůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ŰɟɘůŭɘɎůŰŬŰŬ ɏɔɢɟɤɛŬ ůɨɜɗŮŰŬ Űɞɡ RGB. ũɘŬ ɜŬ ɏɢɞɡɛŮ 

ɧɛɤɠ ˊɘɞ əŬɗŬɟɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞŰɘɛɞɨɛŮ Űɖɜ ŮˊɘəɎɚɡɣɖ ɛɧɜɞ Űɟɘɩɜ ɐ əŬɘ ɛɏɢɟɘ 

ŰŮůůɎɟɤɜ Ůɘəɧɜɤɜ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 6: ȹɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ QuickBird ˊɞɡ əŬɚɨˊŰŮɘ Űɞ ŭɡŰɘəɧ ɛɏɟɞɠ Űɞɡ ŬɟɢŬɘɞɚɞɔɘəɞɨ 

ɢɩɟɞɡ Ȳɚɘɠ, ɄŮɚɞˊɧɜɜɖůɞɠ. (a) Ȱɔɢɟɤɛɞ ůɨɜɗŮŰɞ RGB, (b) NIR-R-G ɏɔɢɟɤɛɞ ůɨɜɗŮŰɞ, (c) 

ɔɟŬɛɛɘəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ɣŮɡŭɏɢɟɤɛɞɡ RGB, (d) ˊɟɩŰɞɠ ˊŬɟɎɔɞɜŰŬɠ ɔɟŬɛɛɘəɧɠ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ, (e) ŭŮɨŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ ɔɟŬɛɛɘəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ, (f) ŰɟɑŰɞɠ ˊŬɟɎɔɞɜŰŬɠ 

ɔɟŬɛɛɘəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ, (g) ŭŮɑəŰɖɠ NDVI, (h) ɏɔɢɟɤɛɞ ůɨɜɗŮŰɞ Űɞɡ PCA, (i) ˊɟɩŰɞɠ 

ˊŬɟɎɔɞɜŰŬɠ Űɞɡ PCA, (j) ŭŮɨŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ Űɞɡ PCA əŬɘ (k) ŰɟɑŰɞɠ ˊŬɟɎɔɞɜŰŬɠ Űɞɡ PCA 

(Agapiou et al., 2015). 
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1.4.3 ȹɘŬəɟɘŰɏɠ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘɎűɞɟŮɠ ˊɟɞůŮɔɔɑůŮɘɠ ɧˊɤɠ ɛŮɗɧŭɞɡɠ 

Boolean əŬɘ ŰŮɢɜɘəɏɠ ɞɛŬŭɞˊɞɑɖůɖɠ 

Ƀɘ ɛɏɗɞŭɞɘ Boolean ŬˊɞŰŮɚɞɨɜ ɏɜŬ əɨɟɘɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖ ůɡɔɢɩɜŮɡůɖ ŭŮŭɞɛɏɜɤɜ. ȷɡŰɏɠ 

ɞɘ ˊɟɞůŮɔɔɑůŮɘɠ ŬˊŬɘŰɞɨɜ Ŭˊɧ ŰŬ ůɡɜŮɢɐ ŭŮŭɞɛɏɜŬ ˊɞɡ ůɡɚɚɏɢŰɖəŬɜ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ, 

ɢɤɟɑɠ əɎˊɞɘŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ, ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŮ ɛɘŬ ŭɡŬŭɘəɐ əŬŰɎůŰŬůɖ. 

ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ñ1ò ɛˊɞɟŮɑ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ɨˊŬɟɝɖ Ůɜɩ Űɞ ñ0ò Űɖɜ ŬˊɞɡůɑŬ 

ɛɘŬɠ ŬɜɤɛŬɚɑŬɠ. ȷɡŰɐ ɖ ŭɡŬŭɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŮˊɘɚɏɔɞɜŰŬɠ əŬŰɎɚɚɖɚŬ 

əŬŰɩŰŬŰŬ ɧɟɘŬ əɞɜŰɎ ůŰŬ ɎəɟŬ ɛɘŬɠ ůŰŬŰɘůŰɘəɐɠ əŬŰŬɜɞɛɐɠ əŬɘ Űɖ ɢŬɟŰɞɔɟɎűɖůɖ ɛɧɜɞ 

Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ ˊɘɞ ŬəɟŬɑŮɠ Űɘɛɏɠ ɤɠ ɛɘŬ ŮɜɧŰɖŰŬ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 7: ȹɡŬŭɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɔŮɤűɡůɘəɩɜ ŬɜɤɛŬɚɘɩɜ. Ŭ) ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, 

b) GPR, c) ɛŬɔɜɖŰɘəɐ ɓŬɗɛɑŭɤůɖ, d) ɛŬɔɜɖŰɘəɐ ŮˊɘŭŮəŰɘəɧŰɖŰŬ, e)  ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ, f) 

ɗŮɟɛɘəɧ ɡˊɏɟɡɗɟɞ. ɇɞ ɛŬɨɟɞ ɢɟɩɛŬ ɡˊɞɜɞŮɑ Űɖɜ ɨˊŬɟɝɖ ɛɘŬɠ ŬɜɤɛŬɚɑŬɠ Ůɜɩ ŬɜŰɑɗŮŰŬ Űɞ Ɏůˊɟɞ 

ɢɟɩɛŬ ɡˊɞɜɞŮɑ Űɖɜ ŬˊɞɡůɑŬ ɛɘŬɠ ŬɜɤɛŬɚɑŬɠ ůŮ əɎɗŮ ůɖɛŮɑɞ Űɞɡ ɢɎɟŰɖ. 
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1.4.3.1 ȺɜɩůŮɘɠ Boolean 

ɀɘŬ ɏɜɤůɖ Boolean ˊɟɞəɨˊŰŮɘ ɧŰŬɜ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ Ŭˊɧ ŰŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ŮɘůɎɔɞɜŰŬɘ əɤŭɘəɞˊɞɘŮɑŰŬɘ ɤɠ ñ1ò, ŭɖɚŬŭɐ ŮɜŰɞˊɑɕɞɜŰŬɘ ŬɜɤɛŬɚɑŮɠ ůŰɞ ɢɎɟŰɖ. ȼ 

ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɧɚŬ ŰŬ ɛɏɟɖ Űɞɡ ɢɎɟŰɖ ɧˊɞɡ ɞɘ ŬɜɤɛŬɚɑŮɠ 

ɡˊɞŭŮɘəɜɨɞɜŰŬɘ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɘŬ ɛŮɗɧŭɞɡɠ. ɇŬɡŰɧɢɟɞɜŬ ɡˊɞŭŮɘəɜɨŮɘ Űɘɠ 

ŰɞˊɞɗŮůɑŮɠ ɧɚɤɜ Űɤɜ ɛŮɔɎɚɤɜ ŬɜɤɛŬɚɘɩɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ Ŭˊɧ ɧɚŬ ŰŬ ůɨɜɞɚŬ 

ŭŮŭɞɛɏɜɤɜ. ɋɠ Ůə ŰɞɨŰɞɡ, Űɞ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ůɡɔɢɩɜŮɡůɖɠ ŭŮŭɞɛɏɜɤɜ 

ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ Ůɜɧɠ ɔŮɜɘəɞɨ əɨɟɘɞɡ ɢɎɟŰɖ ŮɜŭɘŬűɏɟɞɜŰɞɠ. 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 8: Ȱɜɤůɖ Boolean Űɤɜ ŭɡŬŭɘəɩɜ ŬɜŬˊŬɟŬůŰɎůŮɤɜ Űɤɜ ɔŮɤűɡůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 4. ɆŰɖɜ ɜɏŬ ŬɡŰɐ ŮɘəɧɜŬ űŬɑɜɞɜŰŬɘ ɧɚŮɠ ɞɘ ɛŬɡɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ 

Ŭˊɧ ɧɚŮɠ Űɘɠ ŬɜŬˊŬɟŬůŰɎůŮɘɠ Űɤɜ ŭɘɎűɞɟɤɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ŭɡŬŭɘəɐ ɛɞɟűɐ. 

1.4.3.2 ɇɞɛɏɠ Boolean 

Ⱥˊɑůɖɠ ŮɜŭɘŬűɏɟɞɡůŮɠ ŬˊɞŰŮɚɞɨɜ əŬɘ ɞɘ Űɞɛɏɠ Boolean, əŬɗɩɠ ŬˊɞəŬɚɨˊŰɞɡɜ ɛɏɟɖ ɧˊɞɡ 

əŬɗɞɟɘůɛɏɜŮɠ ŬɜɤɛŬɚɑŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ůŮ ɧɚŬ ŰŬ ůɨɜɞɚŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ɢɎɟŰɖɠ ůŰɞɜ ɞˊɞɑɞ ɞɘ 

ɛŬɡɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ŮɑɜŬɘ ŬɡŰɏɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŮɟɛɖɜŮɡŰŮɑ ɤɠ ñ1ò, ŭɖɚŬŭɐ ɧŰɘ ɡˊɎɟɢŮɘ 

ŬɜɤɛŬɚɑŬ ůŮ ŬɡŰɏɠ, ůŮ ɧɚɞɡɠ Űɞɡɠ ɢɎɟŰŮɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɖɔɐɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ůŰɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛŮɗɧŭɞɡ. 
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ȺɘəɧɜŬ 9: ɇɞɛɐ Boolean Űɤɜ ŭɡŬŭɘəɩɜ ŬɜŬˊŬɟŬůŰɎůŮɤɜ Űɤɜ ɔŮɤűɡůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 4. ɆŰɖɜ ɜɏŬ ŬɡŰɐ ŮɘəɧɜŬ űŬɑɜɞɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ 

ɛŬɡɟɘůɛɏɜŮɠ ůŮ ɧɚŮɠ Űɘɠ ŬɜŬˊŬɟŬůŰɎůŮɘɠ. 

1.4.3.3 ȹɡŬŭɘəɧ ȯɗɟɞɘůɛŬ (Binary Sum) 

ɆŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ɛŮɗɧŭɤɜ Boolean ɏɜŬ ɎɗɟɞɘůɛŬ ŭɡŬŭɘəɩɜ ɢŬɟŰɩɜ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ɝŮɢɤɟɘůŰɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ. ȰɢɞɜŰŬɠ ɚɞɘˊɧɜ ɜ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ 

Ůɘůɧŭɞɡ, Űɞ ŬˊɞŰɏɚŮůɛŬ ɗŮɤɟɖŰɘəɎ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ Ŭˊɧ 0 ɏɤɠ ɜ ɚɨůŮɘɠ, ŬˊɞŭɑŭɞɜŰŬɠ ɜ+1 

ŰɎɝŮɘɠ. ɇɞ ɛɖŭɏɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ŰŬ ŭɡŬŭɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ 

ŮɑɜŬɘ əɤŭɘəɞˊɞɘɖɛɏɜŬ ɤɠ ɛɖŭɏɜ Ůɜɩ ɖ ɛɏɔɘůŰɖ Űɘɛɐ ɜ ůŮ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ˊɞɡ 

əɤŭɘəɞˊɞɘɐɗɖəŬɜ ɤɠ ñ1ò ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ. ɆɡɜŮˊɩɠ, ɛɏůŬ ůŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ 

ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ɞɘ ŮɜɩůŮɘɠ əŬɘ ɞɘ Űɞɛɏɠ Boolean. ɇɞ ɎɗɟɞɘůɛŬ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ 

ˊŬɟɞɡůɑŬůɖ ɛɘŬ əŬŰɎŰŬɝɖ Űɤɜ ŬɜɤɛŬɚɘɩɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɧůŮɠ űɞɟɏɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŮ 

ɜ ˊŮɟɘˊŰɩůŮɘɠ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ (Ŭˊɧ 0 ɏɤɠ ɜ). ɋɠ Ůə ŰɞɨŰɞɡ, ɛˊɞɟŮɑ ɜŬ ŮɟɛɖɜŮɡŰŮɑ 

ɤɠ ɏɜŬɠ ɢɎɟŰɖɠ ɧˊɞɡ ɞɘ ɡɣɖɚɏɠ Űɘɛɏɠ ɡˊɞŭŮɘəɜɨɞɡɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŬɜɤɛŬɚɑŮɠ ɞɘ ɞˊɞɑŮɠ 

ɏɢɞɡɜ ŮɜŰɞˊɘůɗŮɑ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɘŬ ɛŮɗɧŭɞɡɠ. ȺˊɧɛŮɜɞɠ ɞ ůɡɔəŮəɟɘɛɏɜɞɠ ɢɎɟŰɖɠ 

ŮɑɜŬɘ ˊɘɞ ˊɚɞɨůɘɞɠ ůŮ ˊŮɟɘŮɢɧɛŮɜɞ əŬɘ ɚŮˊŰɞɛɏɟŮɘŬ Ŭˊɧ ɛɘŬ ɏɜɤůɖ ɐ ɛɘŬ Űɞɛɐ Boolean. 

ȷˊɞŰŮɚŮɑ ɛɘŬ ˊɞɚɨ Ŭˊɚɐ ɛɏɗɞŭɞɠ Ůɜɩ ɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ ŬˊɞŭɑŭŮɘ ŭɡŬŭɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊɞɡ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛɘŬɠ ɏɜɤůɖɠ ɐ ɛɘŬɠ Űɞɛɐɠ Boolean. ɀŮ ɎɚɚŬ 

ɚɧɔɘŬ, ɛˊɞɟŮɑ ɜŬ Ŭˊɧŭɞůɖ ůŰɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ ɧŰɘ 

ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞŭɩůɞɡɜ ɛɘŬ ɏɜɤůɖ əŬɘ ɛɘŬ Űɞɛɐ Boolean ɛŬɕɑ. 
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ȺɘəɧɜŬ 10: ȹɡŬŭɘəɧ ȯɗɟɞɘůɛŬ Űɤɜ ŭɡŬŭɘəɩɜ ŬɜŬˊŬɟŬůŰɎůŮɤɜ Űɤɜ ɔŮɤűɡůɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 4. ɆŰɖɜ ɜɏŬ ŬɡŰɐ ŮɘəɧɜŬ əɎɗŮ ɢɟɩɛŬ 

ŬɜŬˊŬɟɘůŰɎ ˊɧůŮɠ űɞɟɏɠ ɛɘŬ ˊŮɟɘɞɢɐ ˊŬɟɞɡůɘɎůŰɖəŮ ɤɠ ɛŬɨɟɖ, ŭɖɚŬŭɐ əɤŭɘəɞˊɞɘɐɗɖəŮ ɤɠ ñ1ò 

əŬɘ ɡˊɞŭŮɘəɜɨŮɘ ɛɘŬ ŬɜɤɛŬɚɑŬ, ŬɜɎɛŮůŬ ůŮ ɧɚŮɠ Űɘɠ ŭɡŬŭɘəɏɠ ŬɜŬˊŬɟŬůŰɎůŮɘɠ Űɤɜ ɔŮɤűɡůɘəɩɜ 

ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɡɚɞˊɞɘɐɗɖəŬɜ. (Limp, F. et al., 2006) 

1.4.3.4 ɀɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ɞɛŬŭɞˊɞɑɖůɖɠ (Cluster Analysis Methods) 

Ƀɘ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ɞɛŬŭɞˊɞɑɖůɖɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ Ŭɚɔɧɟɘɗɛɞɡɠ ɞɘ 

ɞˊɞɑɞɘ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɘ ɜŬ ŬɜŬɔɜɤɟɑɕɞɡɜ űɡůɘəɏɠ ɞɛŬŭɞˊɞɘɐůŮɘɠ ůŮ ɏɜŬ ůɨɜɞɚɞ 

ŭŮŭɞɛɏɜɤɜ ɛŮ ˊɞɚɚŬˊɚɏɠ ɛŮŰŬɓɚɖŰɏɠ. ȷɡŰɏɠ ɞɘ ɞɛŬŭɞˊɞɘɐůŮɘɠ ɔɑɜɞɜŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ 

ɏŰůɘ ɩůŰŮ əɎɗŮ ɛɘŬ Ŭˊɧ ŬɡŰɏɠ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɚɘɔɧŰŮɟɞ ɐ ˊŮɟɘůůɧŰŮɟɞ 

ɞɛɞɘɞɔŮɜɐɠ əŬɘ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ ɞɛɎŭŮɠ. ɄŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɖ ɖ ɛɏɗɞŭɞɠ 

k-means, ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ŮɡɏɚɘəŰɖ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɛŮɔɎɚɤɜ ůɡɜɧɚɤɜ 

ŭŮŭɞɛɏɜɤɜ, ɝŮəɘɜɎ ɛŮ ɏɜŬ ɏɜŬɜ Ŭɟɘɗɛɧ k ɞɛɎŭɤɜ Űɞɜ ɞˊɞɑɞ ŮˊɘɚɏɔŮɘ ɞ ɢɟɐůŰɖɠ. ɆŰɖɜ 

ůɡɜɏɢŮɘŬ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ŰɞˊɞɗŮŰŮɑ k əɏɜŰɟŬ ŬɡɗŬɑɟŮŰŬ ŮɜŰɧɠ Űɞɡ 

ˊɞɚɡŭɘɎůŰŬŰɞɡ ɢɩɟɞɡ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȷəɞɚɞɨɗɤɠ ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ əɎɗŮ ůɖɛŮɑɞɡ əŬɘ Űɞɡ əɞɜŰɘɜɧŰŮɟɞɡ Űɞɡ əɏɜŰɟɞɡ, Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ 

Űɤɜ ŬˊɞůŰɎůŮɤɜ Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ əɏɜŰɟŬ əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (MSE) Űɤɜ 

ŬˊɞůŰɎůŮɤɜ. ɆŮ əɎɗŮ ɓɐɛŬ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɛŮŰŬəɘɜŮɑ ůɡɜŮɢɧɛŮɜŬ ŰŬ k əɏɜŰɟŬ, ɛɏůŬ ůŰɞ 

ɢɩɟɞ Űɤɜ ɛŮŰɟɐůŮɤɜ, ɛɏɢɟɘ Űɞ MSE ɜŬ ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ, ˊɟɎɔɛŬ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɞ 

ɓɏɚŰɘůŰɞɠ ŭɘŬɢɤɟɘůɛɧɠ ůŮ k ɞɛɎŭŮɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ŬɜŰɘůŰɞɑɢɘůɖ Űɖɠ əɎɗŮ 

ˊŮɟɑˊŰɤůɖɠ ůŰɞ əɞɜŰɘɜɧŰŮɟɞ Űɖɠ əɏɜŰɟɞ ɞɛŬŭɞˊɞɑɖůɖɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ k-means ŰŮɑɜŮɘ ɜŬ 

ŬˊɞŭɑŭŮɘ əŬɚɨŰŮɟŬ ůŮ ůűŬɘɟɘəɏɠ ɞɛŬŭɞˊɞɘɐůŮɘɠ  ɛŮ Űɖɜ ɑŭɘŬ ŭɘŬəɨɛŬɜůɖ, ŭɖɚŬŭɐ ɔɘŬ 

ɞɛɞɘɞɔŮɜŮɑɠ ŭŮŭɞɛɏɜŬ. 
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ɄŬɟɞɛɞɑɤɠ ɛŮ Űɞ Ŭɚɔɧɟɘɗɛɞ k-means, ɞ Ŭɚɔɧɟɘɗɛɞɠ ŰŬɝɘɜɧɛɖůɖɠ ISODATA ŬəɞɚɞɡɗŮɑ 

ˊŮɟɑˊɞɡ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɞɛŬŭɞˊɞɑɖůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȼ ɛɏɗɞŭɞɠ ŬˊŬɘŰŮɑ ŮɚɎɢɘůŰŮɠ 

ˊɚɖɟɞűɞɟɑŮɠ. ɉɟŮɘɎɕŮŰŬɘ ɜŬ ɔɜɤɟɑɕŮɘ Űɖ ɛɏɔɘůŰɖ űŬůɛŬŰɘəɐ ŬˊɧůŰŬůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

Ŭɏ́ɢŮɘ ɛɘŬ ɣɖűɑŭŬ Ŭˊɧ Űɞ əɏɜŰɟɞ Űɖɠ ɞɛɎŭŬɠ ůŰɖɜ ɞˊɞɑŬ ŬɜɐəŮɘ, Űɞ ɛɏɔɘůŰɞ ˊɚɐɗɞɠ Űɤɜ 

ɞɛɎŭɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɞɟɘůɗɞɨɜ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ əŬɘ Űɞ ɛɏɔɘůŰɞ ˊɞůɞůŰɧ Űɤɜ ɣɖűɑŭɤɜ 

Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ɛɖɜ ŬɚɚɎɕŮɘ ɞɛɎŭŬ ɛŮŰŬɝɨ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ. ȾŬɘ ɞɘ ŭɨɞ 

Ŭɚɔɧɟɘɗɛɞɘ ŬˊɞŰŮɚɞɨɜ ŮˊŬɜŬɚɖˊŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ɛŮ Űɖ ɛɧɜɖ ŭɘŬűɞɟɎ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ISODATA ŬɜŬɗɏŰŮɘ Űɞ ŭɘŬűɞɟŮŰɘəɧ Ŭɟɘɗɛɧ Űɤɜ ɞɛɎŭɤɜ ñŭɡɜŬɛɘəɎò. Ƀ Ŭɚɔɧɟɘɗɛɞɠ 

ISODATA ŭɘŬɘɟŮɑ ɛɘŬ ɞɛɎŭŬ ůŰŬ ŭɨɞ ŮɎɜ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɖɠ ɡˊŮɟɓŬɑɜŮɘ ɏɜŬ 

ˊɟɞəŬɗɞɟɘůɛɏɜɞ ɧɟɘɞ ɐ ɧŰŬɜ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ Űɖɠ ŮɑɜŬɘ ŭɘˊɚɎůɘɞɠ Ŭˊɧ Űɞ 

əŬŰɩŰŬŰɞ ɧɟɘɞ. Ƀ ISODATA ɗŮɤɟŮɑŰŬɘ ˊɘɞ ŮɡɏɚɘəŰɞɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Űɖɠ 

ɛŮɗɧŭɞɡ k-means, ŬɚɚɎ ŬˊŬɘŰŮɑ Űɖɜ ŮɛˊŮɘɟɘəɐ Ůˊɘɚɞɔɐ ˊɞɚɚɩɜ Ɏɚɚɤɜ ˊŬɟŬɛɏŰɟɤɜ. 

ȺɘəɧɜŬ 11: Ƀɘ ŮɘəɧɜŮɠ (c) əŬɘ (d) ŬˊɞŰŮɚɞɨɜ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ 

ISODATA ůŰɘɠ ŮɘəɧɜŮɠ (a) əŬɘ (b) ŬɜŰɑůŰɞɘɢŬ. (Lasaponara et al., 2016) 
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ȺɘəɧɜŬ 12: ȷˊɞŰŮɚɏůɛŬŰŬ ŮűŬɟɛɞɔɐɠ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ůŮ 2D ŮɘəɧɜŬ ɏɜŰŬůɖɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ 3D ́ ɚɖɟɞűɞɟɑŮɠ (ɜɏűɞɠ ůɖɛŮɑɤɜ). ȼ ŮɘəɧɜŬ ŬˊŮɘəɞɜɑɕŮɘ ɏɜŬ ŮůɤŰŮɟɘəɧ Űɞɑɢɞ 

Ůɜɧɠ ɜŬɞɨ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰŬ ŮɟŮɑˊɘŬ Űɞɡ ɛɞɜŬůŰɖɟɘɞɨ Űɞɡ Santo Domingo, ůŰɖɜ əŬɟŭɘɎ Űɖɠ 

ˊɧɚɖɠ Pontevedra, Galicia (ȽůˊŬɜɑŬ). Ɇəɞˊɧɠ Űɖɠ ɏɟŮɡɜŬɠ ɐŰŬɜ ɖ ɛŮɚɏŰɖ Űɤɜ ɕɖɛɘɩɜ ůŰŬ ˊŮŰɟɩŭɖ 

ɡɚɘəɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ ɘůŰɞɟɘəɎ əŰɑɟɘŬ. (A) Ŭɟɢɘəɐ ŮɘəɧɜŬ, (B) ɖ ŮɘəɧɜŬ ɛŮŰɎ Ŭˊɧ 

ŮűŬɟɛɞɔɐ ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Űɖɠ ɛŮɗɧŭɞɡ k-means (8 əɚɎůŮɘɠ). 

(Armesto-Gonz§lez et al., 2010) 
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1.4.3.5 Reed-Xiaoli Detector (RXD) 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ RXD ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ űŬůɛŬŰɘəɩɜ ɐ ɢɟɤɛŬŰɘəɩɜ 

ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ əŬɘ Űɤɜ ɔŮɘŰɞɜɘəɩɜ Űɖɠ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ 

ɐ ɛŮ ɞɚɧəɚɖɟɞ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŮɝɎɔŮɘ Ŭˊɧ ɛɘŬ ŮɘəɧɜŬ ůŰɧɢɞɡɠ 

ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ űŬůɛŬŰɘəɎ ŭɘŬűɞɟŮŰɘəɞɑ Ŭˊɧ Űɖɜ ɡˊɧɚɞɘˊɖ ŮɘəɧɜŬ. ũɘŬ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ, ɢɟŮɘɎɕŮŰŬɘ ɞɘ ůŰɧɢɞɘ ŬɡŰɞɑ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ 

ɛɘəɟɞɑ ůŮ ůɢɏůɖ ɛŮ Űɞ ɡˊɧɓŬɗɟɞ Űɖɠ ŮɘəɧɜŬɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ Űɞɡ RXD 

ŮɑɜŬɘ ɝŮəɎɗŬɟŬ əŬɘ ɏɢɞɡɜ ŬˊɞŭŮɘɢɗŮɑ ˊɞɚɨ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŰɖɜ ŬɜɑɢɜŮɡůɖ ŭɘŬəɟɘŰɩɜ 

űŬůɛŬŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ȼ Űɡˊɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ RXD ɏɢŮɘ ɤɠ Ůɝɐɠ: 

‏ ὶ ὶ ‘ ὑ ὶ ‘ 

ȳˊɞɡ r ŬˊɞŰŮɚŮɑ Űɞ ŭɘɎɜɡůɛŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ɛ ɞ ɛɏůɞɠ ɧɟɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, əŬɘ ȾLxL ɞ 

ˊɑɜŬəŬɠ ůɡɜŭɘŬəɨɛŬɜůɖɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ. 

ȺűŬɟɛɧɕŮŰŬɘ ůɡɜɐɗɤɠ ůŮ ˊɞɚɡűŬůɛŬŰɘəɏɠ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɏɠ ŮɘəɧɜŮɠ. (ȺɘəɧɜŬ 13) 

ȿŬɜɗŬůɛɏɜŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ əŬɘ ɔɟŬɛɛɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɤɠ ŬɜɤɛŬɚɑŮɠ ɢɤɟɑɠ ɜŬ 

ŮˊɖɟŮɎɕɞɡɜ ɧɛɤɠ Űɞɜ ŮɜŰɞˊɘůɛɧ Ɏɚɚɤɜ ɏɔəɡɟɤɜ ŬɜɤɛŬɚɘɩɜ. ȳˊɤɠ ɛŮ əɎɗŮ Ɏɚɚɞ 

Ŭɚɔɧɟɘɗɛɞ, ŬűŬɘɟɩɜŰŬɠ Ŭˊɧ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ŰŬ ˊɟɞɓɚɖɛŬŰɘəɎ əŬɜɎɚɘŬ, ŬɡɝɎɜŮŰŬɘ ɖ 

ŬəɟɑɓŮɘŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɄŬɟɧɚŬ ŬɡŰɎ ɧɛɤɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘ Űɘɠ ŬɜɤɛŬɚɑŮɠ ˊɞɡ ŮɜŰɞˊɑɕŮɘ ɛŮŰŬɝɨ Űɞɡɠ. 
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ȺɘəɧɜŬ 13: (a) ȷŮɟɞűɤŰɞɔɟŬűɑŬ ɛŮ ŮˊɘəŬɚɡˊŰɧɛŮɜɖ Űɖɜ ŰɞˊɞɗŮůɑŬ ɗŬɛɛɏɜɤɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ 

əŬŰŬɚɞɑˊɤɜ ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ ɛŮ ɔŮɤűɡůɘəɏɠ ŭɘŬůəɞˊɐůŮɘɠ, (b) ůəɘŬůɛɏɜɖ ŮɘəɧɜŬ ˊɞɡ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŭŮŭɞɛɏɜŬ Lidar, (c) ŬˊɞŰɏɚŮůɛŬ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ Reed-Xiaoli ůŮ 

ŮɘəɧɜŬ CASI əŬɘ (d) ŬˊɞŰɏɚŮůɛŬ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ Reed-Xiaoli ůŮ ŮɘəɧɜŬ ATM. ɇŬ 

ɢŬɟŬəŰɖɟɑůŰɖəŬ ȷ1- ȷ4 ŬˊɞŰŮɚɞɨɜ ŬɜɤɛŬɚɑŮɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ɛŮŰɎ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ 

Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ. (Rowlands and Sarris, 2007). 

1.4.4 ȷˊɚɏɠ ɛŬɗɖɛŬŰɘəɏɠ ˊɟɎɝŮɘɠ ɧˊɤɠ ɎɗɟɞɘůɛŬ, ˊɖɚɑəɞ əŰɚ. 

Ƀɘ Ŭˊɚɞɑ ɛŬɗɖɛŬŰɘəɞɑ ɛŮŰŬůɢɖɛŬŰɘůɛɞɑ ˊɟɞůűɏɟɞɡɜ ɛɘŬ ˊɚɞɨůɘŬ ůŮɘɟɎ Ŭˊɧ ɛŮɗɧŭɞɡɠ 

ɔɘŬ Űɖɜ ůɡɔɢɩɜŮɡůɖ ɞˊɞɘɞɡŭɐˊɞŰŮ Ŭɟɘɗɛɞɨ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ. Ƀɘ ŭɘŬəɟɘŰɏɠ ɛɏɗɞŭɞɘ 

ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ŭɡŬŭɘəɎ ŭŮŭɞɛɏɜŬ, ɤɠ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡɠ, ˊɟɞůűɏɟɞɡɜ ˊɘɞ ůŬűŮɑɠ 

ɢɎɟŰŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ɨˊŬɟɝɖ ɐ Űɖɜ ŬˊɞɡůɑŬ ŬɜɤɛŬɚɘɩɜ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ 

ůɡɔɢɩɜŮɡůɖ ůɡɜŮɢɐ ŭŮŭɞɛɏɜɤɜ ŮˊɘŰɟɏˊŮɘ ůŰɘɠ ŬɜɤɛŬɚɑŮɠ ɛŮ ŮɡəɞɚɑŬ əŬɘ ɛŮ ŭɡůəɞɚɑŬ 

ůŰɞɜ ŮɜŰɞˊɘůɛɧ ɜŬ ŮɟɛɖɜŮɨɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ. ȰŰůɘ əŬŰŬɚɐɔŮɘ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ 

ůɨɜɗŮŰɤɜ Ůɘəɧɜɤɜ ɛŮ ɛŮɔŬɚɨŰŮɟɞ ˊŮɟɘŮɢɧɛŮɜɞ ˊɚɖɟɞűɞɟɘɩɜ. 
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ȺɘəɧɜŬ 14: ɀŮɔɎɚɞ əŰɑɟɘɞ ɘŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ ůŰɞɜ ŬɟɢŬɘɞɚɞɔɘəɧ ɢɩɟɞ Űɖɠ ɅɤɛŬɥəɐɠ ˊɧɚɖɠ 

Carnuntum Űɞɡ ŬɜŬŰɞɚɘəɞɨ ŰɛɐɛŬŰɞɠ Űɖɠ ȷɡůŰɟɑŬɠ. ȼ ˊŮɟɘɞɢɐ ŭɘŮɟŮɡɜɐɗɖəŮ ɛŮ ɔŮɤűɡůɘəɏɠ 

ɛŬɔɜɖŰɘəɏɠ ɏɟŮɡɜŮɠ əŬɘ ɛŮŰɟɐůŮɘɠ ŬɜŰɑůŰŬůɖɠ Űɞ 1996 (Neubauer and Eder-Hinterleitner 1997). 

(M) ɀŬɔɜɖŰɧɔɟŬɛɛŬ, (R) ɉŬɟŰɞɔɟɎűɖůɖ ŬɜŰɑůŰŬůɖɠ, (M+R) ɆɨɜɗŮŰɖ ŮɘəɧɜŬ 

əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮŰɎ Ŭˊɧ ˊɟɧůɗŮůɖ, (M-R) ɆɨɜɗŮŰɖ ŮɘəɧɜŬ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ 

ŭŮŭɞɛɏɜɤɜ ɛŮŰɎ Ŭˊɧ ŬűŬɑɟŮůɖ, (M*R) ɆɨɜɗŮŰɖ ŮɘəɧɜŬ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮŰɎ Ŭˊɧ 

ˊɞɚɚŬˊɚŬůɘŬůɛɧ, (M/R) ɆɨɜɗŮŰɖ ŮɘəɧɜŬ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮŰɎ Ŭˊɧ ŭɘŬɑɟŮůɖ. 

1.4.4.1 ȯɗɟɞɘůɛŬ ŭŮŭɞɛɏɜɤɜ (Data Sum) 

ɄŬɟɧɛɞɘɞ ɛŮ Űɘɠ ŮɜɩůŮɘɠ Boolean, Űɞ ɎɗɟɞɘůɛŬ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ 

ŬˊŮɘəɞɜɑɕŮɘ ŬɜɤɛŬɚɑŮɠ Ŭˊɧ ɧɚŮɠ Űɘɠ ˊɖɔɏɠ ŰŬɡŰɧɢɟɞɜŬ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ŬɡŰɩɜ ɛŮ 

ɛŮɔɎɚɞ əŬɘ ɛɘəɟɧ ɛɏɔŮɗɞɠ. ɀˊɞɟɞɨɜ ɜŬ ˊɟɞůűɏɟɞɡɜ ɏɜŬ əŬɚɨŰŮɟɞ ŬˊɞŰɏɚŮůɛŬ 

ŭɘŬəɟɑɜɞɜŰŬɠ əŬɘ ɎɚɚŮɠ ŬɜɤɛŬɚɑŮɠ ɛŮ ŭɡůəɞɚɑŮɠ ůŰɖɜ ŬɜɎɚɡůɖ əŬɘ Űɖɜ ˊŮɟɘɔɟɎűŮɘ Űɞɡɠ 

ɞɘ ɞˊɞɑŮɠ ˊɟɞůűɏɟɞɡɜ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɑŮɠ (ȺɘəɧɜŬ 14 M+R). ɄŬɟŬɚɚŬɔɏɠ Űɖɠ 

ɛŮɗɧŭɞɡ ŬɡŰɐɠ ŮɑɜŬɘ ŮűɘəŰɏɠ ŬɚɚɎɕɞɜŰŬɠ Űɞ ɓɎɟɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ əɎɗŮ ŬɘůɗɖŰɐɟŬ 

əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ.  
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1.4.4.2 ȷɜŬɚɞɔɑŮɠ ɛŮŰŬɝɨ ŭŮŭɞɛɏɜɤɜ (Data Ratios) 

ȼ ŬɜŬɚɞɔɑŬ ɛŮŰŬɝɨ ŭɨɞ ůŮŰ ŭŮŭɞɛɏɜɤɜ ɛˊɞɟŮɑ ˊŬɟɏɢŮɘ ŮˊɘˊɟɧůɗŮŰŮɠ ˊɚɖɟɞűɞɟɑŮɠ ůŰɞ 

ŬˊɞŰɏɚŮůɛŬ əŬɗɩɠ ŮˊɘŰɟɏˊŮɘ ůŮ əɎˊɞɘɞɜ ɜŬ űɏɟŮɘ ůŮ ŬɜŰɑɗŮůɖ ɐ ɜŬ ŰɞɜɑůŮɘ Űɘɠ ɞɛɞɘɧŰɖŰŮɠ 

əŬɘ Űɘɠ ŭɘŬűɞɟɏɠ ˊɞɡ ɏɢɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ (ȺɘəɧɜŬ 14 M/R). ɋůŰɧůɞ, ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ 

ɘəŬɜɐ ɜŬ ŮɜůɤɛŬŰɩůŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɛɧɜɞ Ŭˊɧ ŭɨɞ ůŮŰ ŭŮŭɞɛɏɜɤɜ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ ɏŰůɘ Űɖ 

ɢɟɖůɘɛɧŰɖŰŬ Űɖɠ.  

1.4.5 ɄɞɚɡˊŬɟŬɔɞɜŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɧˊɤɠ ɖ ȷɜɎɚɡůɖ Ⱦɡɟɑɤɜ ɆɡɜɘůŰɤůɩɜ əŬɘ 

ŬɜŬɚɨůŮɘɠ ůɡůɢŮŰɑůŮɤɜ 

Ƀɘ ˊɞɚɡˊŬɟŬɔɞɜŰɘəɞɑ ůŰŬŰɘůŰɘəɞɑ ɛɏɗɞŭɞɘ ˊɟɞůűɏɟɞɡɜ ɏɜŬ ɘůɢɡɟɧ ɛɏůɞ ɔɘŬ Űɖɜ 

ůɡɔɢɩɜŮɡůɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ əŬɘ ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ŭɞɛɐ əŬɘ 

Űɘɠ ŬɚɚɖɚŮɝŬɟŰɐůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɞɡɠ. ɈˊɎɟɢɞɡɜ ˊɞɚɚɞɑ ŰɏŰɞɘɞɘ ɛɏɗɞŭɞɘ əŬɘ 

ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ: ůŰɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ɛŮɘɩɜɞɡɜ Űɤɜ Ŭɟɘɗɛɧ Űɤɜ 

ŭɘŬůŰɎůŮɤɜ əŬɘ ůŰɘɠ ɛŮɗɧŭɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ. ɆŰɖɜ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŮɛˊɑˊŰɞɡɜ ɓŬůɘəɎ 

ůŰɞɘɢŮɑŬ əŬɘ ˊŬɟŬɔɞɜŰɘəɏɠ ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊŬɟɎɔɞɡɜ ɔɟŬɛɛɘəɞɨɠ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ˊɖɔɐɠ. ɇŬ ůɖɛŬɜŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɚɘɔɧŰŮɟŬ ůŮ 

Ŭɟɘɗɛɧ Ŭˊɧ Űɘɠ Ŭɟɢɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ůɡɔɢɤɜŮɨůŮɘɠ ŭŮŭɞɛɏɜɤɜ 

ɓŬůɘůɛɏɜŮɠ ůŮ ůŰŬŰɘůŰɘəɏɠ ůɡůɢŮŰɑůŮɘɠ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɞɘ ɛɏɗɞŭɞɘ ŰŬɝɘɜɧɛɖůɖɠ 

ˊɟɞůˊŬɗɞɨɜ ɜŬ ɞɟɑůɞɡɜ ɞɛɎŭŮɠ ɐ əɚɎůŮɘɠ ɔɘŬ ůɡůŰɐɛŬŰŬ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ, Űɖɠ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖɠ əŬɘ Űɖɠ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ. ɆŰɖɜ 

ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮɜŰɞˊɑɕŮɘ əɚɎůŮɘɠ ɞɘ ɞˊɞɑŮɠ ˊɟɞəɨˊŰɞɡɜ 

űɡůɘəɎ ɛɏůŬ ůŮ ŭŮŭɞɛɏɜŬ ˊɞɚɚŬˊɚɩɜ ɛŮŰŬɓɚɖŰɩɜ. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ŮˊɘɓɚŮˊɧɛŮɜɖ 

ŰŬɝɘɜɧɛɖůɖ ŬɜŬˊŰɨůůɞɜŰŬɘ ɚŮɘŰɞɡɟɔɑŮɠ Ŭˊɧ ŰŬ ůŰŬŰɘůŰɘəɎ ɢŬɟŬəŰɖɟɑůŰɖəŬ Űɤɜ 

ŭŮɘɔɛɎŰɤɜ ˊɞɡ ˊŬɟɏɢŮɘ ɞ ɑŭɘɞɠ ɞ ɢɟɐůŰɖɠ.  

1.4.5.1 ȷɜɎɚɡůɖ Ⱦɡɟɑɤɜ ɆɡɜɘůŰɤůɩɜ (PCA) 

ȼ ȷɜɎɚɡůɖ Űɤɜ Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜ ŬˊɞŰŮɚŮɑ ɏɜŬɠ ɔɟŬɛɛɘəɧɠ ůɡɜŭɡŬůɛɧɠ 

ˊɞɚɡɛŮŰŬɓɚɖŰɩɜ ŭŮŭɞɛɏɜɤɜ ɓɎůɖ Űɖɠ ŭɞɛɐɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ k ɛŮŰŬɓɚɖŰɩɜ. Ƀɘ k 

ůɡɜɘůŰɩůŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ŮɑɜŬɘ ŬůɡůɢɏŰɘůŰŮɠ əŬɘ ŭɘŬŰɎůůɞɜŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɏŰůɘ 

ɩůŰŮ ɖ ˊɟɩŰɖ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ˊŮɟɘůůɧŰŮɟɞ Űɖ ůɡɜɞɚɘəɐ ŭɘŬəɨɛŬɜůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

Ŭˊɧ Űɖ ŭŮɨŰŮɟɖ, ɖ ŭŮɨŰŮɟɖ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɖɜ ŰɟɑŰɖ əŬɘ ɞɨŰɤ əŬɗŮɝɐɠ. ȳŰŬɜ 

əŬɜɞɜɘəɞˊɞɘɖɗɞɨɜ əɎɗŮ ɛŮŰŬɓɚɖŰɐ ůɡɜŮɘůűɏɟŮɘ ɛɘŬ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŮɜɧŰɖŰŬɠ, əŬɘ ɞɘ 
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ˊɟɩŰŮɠ ůɡɜɘůŰɩůŮɠ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ůɡɜɐɗɤɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ 

ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ɡˊɎɟɢŮɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ. 

O ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ ˊɞɚɡűŬůɛŬŰɘəɩɜ Ůɘəɧɜɤɜ ůŰɘɠ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ (Principal 

Components Transformation, PCT) ŮɟɛɖɜŮɨŮɘ Űɖ ŭɞɛɐ Űɤɜ ˊɞɚɡűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ɛŮ Űɞɜ ˊɑɜŬəŬ ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɤɜ Ŭɟɢɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ȺɑɜŬɘ ɗŮɛŮɚɘɩŭɞɡɠ 

ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ŬɡŰɞɨ ɜŬ ŮɟɤŰɖɗŮɑ Ŭɜ ɡˊɎɟɢŮɘ ɏɜŬ ɜɏɞ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůŰɞ űŬůɛŬŰɘəɧ ɢɩɟɞ, ůŰɞ ɞˊɞɑɞ ŰŬ ŭŮŭɞɛɏɜŬ ɛˊɞɟɞɨɜ ɜŬ 

ŮəˊɟɞůɤˊɞɨɜŰŬɘ ɢɤɟɑɠ ůɡůɢŮŰɘůɛɧ, ɛŮ ɎɚɚŬ ɚɧɔɘŬ, ɏŰůɘ ɩůŰŮ ɞ ˊɑɜŬəŬɠ ůɡɜŭɘŬəɨɛŬɜůɖɠ 

ůŰɘɠ ɜɏŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɜŬ ŮɑɜŬɘ ŭɘŬɔɩɜɘɞɠ. Ƀɘ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ ŮɑɜŬɘ ŰŬ ɘŭɘɞŬɜɨůɛŬŰŬ 

Űɞɡ ˊɑɜŬəŬ ůɡɛɛŮŰŬɓɚɖŰɧŰɖŰŬɠ. ȷˊɞŰŮɚŮɑ ɛɑŬ ůŰŬŰɘůŰɘəɐ ŰŮɢɜɘəɐ ɖ ɞˊɞɑŬ ŮűŬɟɛɧɕŮŰŬɘ 

ůŰɖ ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɑɤůɖɠ Űɤɜ Ůɘəɧɜɤɜ, ɛŮ ůəɞˊɧ Űɖ ůɡɛˊɑŮůɐ Űɞɡɠ. ɆŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ɞ ɧɟɞɠ ůɡɛˊɑŮůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

ɛŮɗɧŭɞɡ PCT ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɏɜŬɜ ˊɞɚɡŭɘɎůŰŬŰɞ ɢɩɟɞ Űɤɜ ŮɜŰɎůŮɤɜ, 

ɛŮŰŬůɢɖɛŬŰɑɕɞɜŰŬɘ ůŮ ɏɜŬ ɢɩɟɞ ɚɘɔɧŰŮɟɤɜ ŭɘŬůŰɎůŮɤɜ ɢɤɟɑɠ ɜŬ ɢɎůɞɡɜ Űɘɠ ŬŰɞɛɘəɏɠ 

ŮůɤŰŮɟɘəɏɠ Űɞɡɠ ůɢɏůŮɘɠ, ˊɟɎɔɛŬ ˊɞɡ ŬˊɞŰɟɏˊŮɘ əɎˊɞɘŬ ŬˊɩɚŮɘŬ ˊɚɖɟɞűɞɟɑŬɠ. ɇɞ 

ɧűŮɚɞɠ Ŭˊɧ Űɖ ůɡɛˊɑŮůɖ ŬɡŰɐ ŮɑɜŬɘ ɧŰɘ ɛɘəɟŬɑɜŮɘ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ 

ˊɞɚɚɩɜ ŭɘŬůŰɎůŮɤɜ ɛŮŰŬɓɚɖŰɩɜ. (ȺɘəɧɜŬ 15) 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ȷɜɎɚɡůɖ Űɤɜ Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜ ůŰɖɜ ˊɟɎɝɖ, ɞ ɢɟɐůŰɖɠ ŭŮɜ 

ŮɛˊɚɏəŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɖɜ ɧɚɖ ŭɘŬŭɘəŬůɑŬ. ɈˊɎɟɢɞɡɜ ɛɧɜɞ ŰɟɑŬ ŬɜŬɔəŬɑŬ 

ɓɐɛŬŰŬ. ɇɞ ˊɟɩŰɞ ɓɐɛŬ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ˊɑɜŬəŬ ůɡɜŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŮɘəɧɜŬɠ ˊɞɡ 

ˊɟɧəŮɘŰŬɘ ɜŬ ɛŮŰŬůɢɖɛŬŰɘůŰŮɑ. ɇɞ ŭŮɨŰŮɟɞ ɓɐɛŬ ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɘŭɘɞŰɘɛɩɜ 

əŬɘ Űɤɜ ɘŭɘɞŬɜɡůɛɎŰɤɜ Űɞɡ ˊɑɜŬəŬ ůɡɜŭɘŬəɨɛŬɜůɖɠ. Ƀɘ ɘŭɘɞŰɘɛɏɠ ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ɖ əŬŰŬɜɞɛɐ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ 

ůɢɏůɖ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɡɜɘůŰɩůŮɠ. ɇɞ ŰŮɚɘəɧ ɓɐɛŬ ŮɑɜŬɘ ɖ ŭɘŬɛɧɟűɤůɖ Űɤɜ 

ůɡɜɘůŰɤůɩɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ɘŭɘɞŬɜɨůɛŬŰŬ Űɞɡ ˊɑɜŬəŬ ůɡɜŭɘŬəɨɛŬɜůɖɠ ɤɠ Űɞɡɠ 

ůŰŬɗɛɘůɛɏɜɞɡɠ ůɡɜŰŮɚŮůŰɏɠ.  
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ȺɘəɧɜŬ 15: ȹɨɞ ˊŬɟŬŭŮɑɔɛŬŰŬ Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɑŭɘɞ ůŮŰ ŭŮŭɞɛɏɜɤɜ 

Ůɘəɧɜɤɜ. ɄɟɩŰɖ ůŮɘɟɎ: ŰɏůůŮɟŬ əŬɜɎɚɘŬ ɛŮ ɢŬɛɖɚɐ ůɡůɢɏŰɘůɖ əŬɘ Űɞ ɏɔɢɟɤɛɞ ůɨɜɗŮŰɞ ˊɞɡ 

ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŰɟŮɘɠ ˊɟɩŰŮɠ ŮɘəɧɜŮɠ. ȹŮɨŰŮɟɖ ůŮɘɟɎ: ɞɘ ŰɏůůŮɟɘɠ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ ˊɞɡ 

ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŰŬ əŬɜɎɚɘŬ Űɖɠ ˊɟɩŰɖɠ ůŮɘɟɎɠ əŬɘ Űɞ ɏɔɢɟɤɛɞ ůɨɜɗŮŰɞ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ 

Űɘɠ ŰɟŮɘɠ ˊɟɩŰŮɠ ůɡɜɘůŰɩůŮɠ. ɇɟɑŰɖ ůŮɘɟɎ: ŰɏůůŮɟŬ əŬɜɎɚɘŬ ɛŮ ɡɣɖɚɐ ůɡůɢɏŰɘůɖ əŬɘ Űɞ ɏɔɢɟɤɛɞ 

ůɨɜɗŮŰɞ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ŰɟŮɑɠ ŮɘəɧɜŮɠ. ɇɏŰŬɟŰɖ ůŮɘɟɎ: ɞɘ ŰɏůůŮɟɘɠ əɨɟɘŮɠ 

ůɡɜɘůŰɩůŮɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɘəɧɜŮɠ Űɘɠ ŰɟɑŰɖɠ ůŮɘɟɎ əŬɘ Űɞ ɏɔɢɟɤɛɞ ůɨɜɗŮŰɞ ˊɞɡ 

ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ŰɟŮɑɠ ůɡɜɘůŰɩůŮɠ. (Richards, 2013) 
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1.4.5.2 ȷɜɎɚɡůɖ ˊŬɟŬɔɧɜŰɤɜ (Factor Analysis) 

Ƀɘ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɨɛŮɜɞɠ ˊŬɟɏɢɞɡɜ ˊɞɚɚɏɠ ˊɚɖɟɞűɞɟɑŮɠ. 

ɄŬɟɧɚŬ ŬɡŰɎ ɧɛɤɠ ɖ ŭɘŬəɨɛŬɜůɖ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɛˊɞɟŮɑ ɜŬ əŬŰŬɜŮɛɖɗŮɑ 

əŬɚɨŰŮɟŬ ůŰɘɠ ůɡɜɘůŰɩůŮɠ ɛɏůɞ Űɖɠ ŬɜɎɚɡůɖɠ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ. ȼ ɛɏɗɞŭɞɠ ŮəŰŮɚŮɑ ɛɘŬ 

ɞɟɗɞɔɩɜɘŬ ˊŮɟɘůŰɟɞűɐ Űɤɜ ůɖɛŬɜŰɘəɧŰŮɟɤɜ ůɡɜɘůŰɤůɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŰɞ 

ɢɩɟɞ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ ŭɘɎűɞɟɤɜ ŭɘŬůŰɎůŮɤɜ ɔɘŬ ɜŬ əŬŰŬɜŮɑɛŮɘ ɘůɧˊɞůŬ Űɖ 

ŭɘŬəɨɛŬɜůɖ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ (ȺɘəɧɜŬ 17). ȰŰůɘ ŰŬ ɓɎɟɖ ɛŮ Űɘɠ Ŭɟɢɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ 

ɛŮŰŬɓɎɚɚɞɜŰŬɘ əŬɗɩɠ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɛŮ ɡɣɖɚɎ ɓɎɟɖ əŬŰŬɜɏɛɞɜŰŬɘ ˊɘɞ ŭɑəŬɘŬ ɛŮŰŬɝɨ 

Űɤɜ ˊŬɟŬɔɧɜŰɤɜ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɜŰŬɘ ůŮ əɎɗŮ 

ˊŬɟɎɔɞɜŰŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŬɚɚɎɝɞɡɜ əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ɛɘŬ ɓŮɚŰɑɤůɖ Űɖɠ ŮɟɛɖɜŮɑŬɠ. 

ȺɘəɧɜŬ 16: ȷɜɎɚɡůɖ ɄŬɟŬɔɧɜŰɤɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɖɠ Army City. a) ɄŬɟɎɔɞɜŰŬɠ 1. b) 

ɄŬɟɎɔɞɜŰŬɠ 2. c) Ȱɔɢɟɤɛɞ ůɨɜɗŮŰɞ Űɤɜ ŭɨɞ ˊŬɟŬɔɧɜŰɤɜ ɛŮ Űɞɜ ɄŬɟɎɔɞɜŰŬ 1 ɜŬ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ 

ɛˊɚŮ əŬɘ Űɞɜ ɄŬɟɎɔɞɜŰŬ 2 ůŰɞ ˊɟɎůɘɜɞ. (Limp, F. et al., 2006) 
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1.4.6 ȺɡűɡŮɑɠ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɔɜɩůɖ Ŭˊɧ ˊɟɞɖɔɛɏɜŮɠ ɛɖɢŬɜɏɠ 

ɛɎɗɖůɖɠ əŬɘ ɏɛˊŮɘɟŬ ůɡůŰɐɛŬŰŬ 

ɇŬ ɏɛˊŮɘɟŬ ůɡůŰɐɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ůŰɖɜ ŰɖɚŮˊɘůəɧˊɖůɖ ɧˊɤɠ əŬɘ ůŮ ɎɚɚŮɠ 

ˊŮɟɘɞɢɏɠ ŮűŬɟɛɞɔɩɜ. ȸŬůɑɕɞɜŰŬɘ ůŮ ɔɜɩůŮɘɠ əŬɘ əŬɜɧɜŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɡɠ 

Ůɘŭɘəɞɨɠ. ȼ ɔɜɩůɖ ŬɡŰɐ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɏɜŬ ůɨůŰɖɛŬ ˊɞɡ ɖ ɚɞɔɘəɐ Űɞɡ ɓŬůɑɕŮŰŬɘ ůŮ 

əŬɜɧɜŮɠ əŬɘ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɧ ɏɜŬɜ ɡˊɞɚɞɔɘůŰɐ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛɘŬɠ 

ŬɟɢŬɘɞɚɞɔɘəɐɠ ɏɟŮɡɜŬɠ, ɏɜŬ ɔŮɜɘəɧ ɏɛˊŮɘɟɞ ůɨůŰɖɛŬ ɘəŬɜɧ ɜŬ ŭɘŬəɟɑɜŮɘ ŬɟɢŬɘɞɚɞɔɘəɎ 

ůŰɞɘɢŮɑŬ ůŮ ɏɜŬ ůɨɜɞɚɞ ˊɞɚɡŭɘɎůŰŬŰɤɜ ɔŮɤűɡůɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŬˊŬɘŰŮɑ ɔɜɩůɖ Ŭˊɧ 

ˊɞɚɚɞɨɠ ŰɞɛŮɑɠ ˊɞɡ Ŭűɞɟɞɨɜ əŬɘ ŮˊɖɟŮɎɕɞɡɜ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ 

ɔŮɤɚɞɔɑŬ əŬɘ ɞɘ ɛŮŰŬɓɞɚɏɠ Űɞɡ əɚɑɛŬŰɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ůŰɖɜ ɞˊɞɑŬ ůɡɚɚɏɔɖəŬɜ. 

ȷəɞɚɞɨɗɤɠ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ əɎɗŮ ŰɞɛɏŬ ˊɟɏˊŮɘ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ɔɜɩůɖ ɢɟɐůɘɛɖ 

ɔɘŬ Űɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ ůɢŮŰɘəɎ ɛŮ Űɞ Űɘ ɛˊɞɟŮɑ ɜŬ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ. 

ȼ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɏɛˊŮɘɟɤɜ ůɡůŰɖɛɎŰɤɜ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ ŬɡŰɐ Űɤɜ ůɡɛɓŬŰɘəɩɜ 

Ŭɚɔɞɟɑɗɛɤɜ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ ˊɞɡ ŮɑɜŬɘ ŮɝŬɟɢɐɠ ŮɜůɤɛŬŰɤɛɏɜɞɘ ɛŮ ɔɜɩůɖ Ŭˊɧ Űɞɡɠ 

Ůɘŭɘəɞɨɠ. ɆŮ ŬɡŰɎ ŰŬ ůɡůŰɐɛŬŰŬ ɖ ɔɜɩůɖ ŬˊɞɗɖəŮɨŮŰŬɘ ůŮ ɛɘŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ (ˊ.ɢ., ɤɠ 

əŬɜɧɜŮɠ ˊŬɟŬɔɤɔɐɠ) ɧˊɞɡ ɛˊɞɟŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ɜŬ ŬɜŬəŰɖɗŮɑ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Ůɜɧɠ 

ůɡɔəŮəɟɘɛɏɜɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȷˊɞŰŮɚɞɨɜ ŮɡɟŮŰɘəɎ (heuristic) ůɡůŰɐɛŬŰŬ ŬɡɝɎɜɞɜŰŬɠ 

ɏŰůɘ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ŮɡűɡȶŬɠ Űɤɜ ɛɖɢŬɜɩɜ. ɆŰŬ ˊŬɟŬŭɞůɘŬəɎ ŮɛˊŮɘɟɘəɎ ůɡůŰɐɛŬŰŬ ɞɘ 

Ůɘŭɘəɞɑ əŬɗɞɟɑɕɞɡɜ Űɞɡɠ əŬɜɧɜŮɠ ɟɖŰɎ. ɆŮ ɞɟɘůɛɏɜŮɠ ɧɛɤɠ ˊŮɟɘˊŰɩůŮɘɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɖɛɘŬɡŰɧɛŬŰŮɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ əŬɜɧɜɤɜ Ŭˊɧ Űɞɡɠ 

Ůɘŭɘəɞɨɠ Ůɜɩ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɤɠ ŰŬ ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ (Decision Trees) ɔɑɜŮŰŬɘ 

ŬɡŰɧɛŬŰŬ. 

1.4.6.1 Support Vector Machines (SVMs) 

ɇŬ SVMs ŬˊɞŰŮɚɞɨɜ ɛɘŬ ŮˊɘɓɚŮˊɧɛŮɜɖ ůŰŬŰɘůŰɘəɐ ŰŮɢɜɘəɐ ɛɎɗɖůɖɠ ɢɤɟɑɠ ˊŬɟŬɛɏŰɟɞɡɠ. 

Ⱥˊɞɛɏɜɤɠ, ŮűŬɟɛɧɕɞɜŰŬɠ Űɖɜ ŰŮɢɜɘəɐ ŭŮɜ ɔɑɜŮŰŬɘ əŬɛɘɎ ˊŬɟŬŭɞɢɐ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ɡˊɞəŮɑɛŮɜɖ əŬŰŬɜɞɛɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȼ ŰŮɢɜɘəɐ ˊɟɞůŮɔɔɑɕŮŰŬɘ ɛŮ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ɤɠ 

ɛɘŬ ɛɏɗɞŭɞɠ ŰŬɝɘɜɧɛɖůɖɠ. ɆɨɛűɤɜŬ ɚɞɘˊɧɜ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ, ɔɑɜŮŰŬɘ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ 

ɜŬ ŮɜŰɞˊɘůŰŮɑ Űɞ ɓɏɚŰɘůŰɞ ŭɘŬɢɤɟɘůŰɘəɧ ɧɟɘɞ ɛŮŰŬɝɨ Űɤɜ əɚɎůŮɤɜ ɏɢɞɜŰŬɠ ɡˊɧɣɖ 

əɎˊɞɘŮɠ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ŮəˊŬɑŭŮɡůɖɠ. Ƀɘ ˊŮɟɘɞɢɏɠ ŬɡŰɏɠ ɞɜɞɛɎɕɞɜŰŬɘ ñsupport 

vectorsò Ůɜɩ ŬɜŰɑɗŮŰŬ ɞˊɞɘŮůŭɐˊɞŰŮ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ ŮəŰɧɠ Ŭˊɧ ŬɡŰɏɠ ŬˊɞɟɟɑˊŰɞɜŰŬɘ Ŭˊɧ 

Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ŮɜŰɞˊɘůɛɞɨ Űɞɡ ɞɟɑɞɡ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɛɞɜŰɏɚɞ ˊɞɡ 
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ŬɜŬɗɏŰŮɘ əɎɗŮ ɜɏŬ ˊŮɟɘɞɢɐ ůŮ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɗŬɜɏɠ əɚɎůŮɘɠ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŮˊɘɚɏɔŮŰŬɘ 

Űɞ ɓɏɚŰɘůŰɞ ŭɘŬɢɤɟɘůŰɘəɧ ɧɟɘɞ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟŬ ɚɘɔɧŰŮɟŬ ŭŮɑɔɛŬŰŬ 

ŮəˊŬɑŭŮɡůɖɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɏŰůɘ ɛŮɔŬɚɨŰŮɟɐ ŬəɟɑɓŮɘŬ ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ ɛŮ ɛɘəɟɎ 

ůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ. ȺəŰɧɠ Ŭˊɧ ɔɟŬɛɛɘəɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ ŰŬ SVMs ɛˊɞɟɞɨɜ ɜŬ 

ŮəŰŮɚɏůɞɡɜ ŬˊɞŰŮɚŮůɛŬŰɘəɎ əŬɘ ɛɖ ɔɟŬɛɛɘəɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ. ɆŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ, 

ɧˊɞɡ ŰŬ ŭŮŭɞɛɏɜŬ ŭŮɜ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɔɟŬɛɛɘəɎ, ɛˊɞɟŮɑ ɜŬ ŭɘŬŰɡˊɤɗŮɑ ɛɘŬ ůɡɜɎɟŰɖůɖ ɖ 

ɞˊɞɑŬ ɜŬ ůɡɜŭɡɎɕŮɘ Űɖ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɞɡ ˊŮɟɘɗɤɟɑɞɡ Űɞɡ ɞɟɑɞɡ əŬɘ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ 

Űɞɡ ůűɎɚɛŬŰɞɠ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ůŮŰ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ 

ñslack variablesò. ɄŬɟɎŭŮɘɔɛŬ ŰɏŰɞɘŬɠ ůɡɜɎɟŰɖůɖɠ ˊɞɡ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŮűŬɟɛɞɔɐɠ Űɖɠ 

ŮɑɜŬɘ ɖ ɢŬɟŰɞɔɟɎűɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ ůŮ ɏɜŬ ɛŮɔŬɚɨŰŮɟɤɜ ŭɘŬůŰɎůŮɤɜ ɢɩɟɞ 

ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ Kernel. 

ȺɘəɧɜŬ 17: (a) ɄŮɟɑˊŰɤůɖ ɧˊɞɡ ɞɘ əɚɎůŮɘɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɔɟŬɛɛɘəɎ (b) ɄŮɟɑˊŰɤůɖ ɧˊɞɡ ɞɘ 

əɚɎůŮɘɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɛɖ ɔɟŬɛɛɘəɎ. ɇɞ ɝ ɛŮŰɟɎ Űɞ ůűɎɚɛŬ ˊɟɞůŬɟɛɞɔɐɠ Űɞɡ ɞɟɑɞɡ. (ɇɕɩŰůɞɠ, 

Ⱦ. ȷ., 2014) 

1.5 ɀŮɘɞɜŮəŰɐɛŬŰŬ əŬɘ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ əɎɗŮ ɛŮɗɧŭɞɡ 

ȼ ůɨɜɗŮůɖ əŬɘ ɖ ŮɟɛɖɜŮɑŬ Űɤɜ ůɡɜɞɚɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ Űɞɡɠ ŭɘɎűɞɟɞɡɠ 

ŰɖɚŮˊɘůəɞˊɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ɓɞɖɗɎ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ ɜŬ ŮɜŰɞˊɑɕɞɡɜ ñhot spotsò ŰŬ ɞˊɞɑŬ 

ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ˊɘɗŬɜɞɑ ŬɟɢŬɘɞɚɞɔɘəɞɑ ůŰɧɢɞɘ. ɆŰɞɜ ˊɑɜŬəŬ 1 ůɡɜɞɣɑɕɞɜŰŬɘ ɞɟɘůɛɏɜŬ 

Ŭˊɧ ŰŬ ɓŬůɘəɧŰŮɟŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɨɠ Űɤɜ Űɟɘɩɜ ɛŮɗɧŭɤɜ 

ŰɖɚŮˊɘůəɧˊɖůɖɠ ɛŮ Űɘɠ ɞˊɞɑŮɠ ɗŬ ŬůɢɞɚɖɗɞɨɛŮ ůŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ əŬɘ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ŬɟɢŬɘɞɚɞɔɘəɏɠ ɏɟŮɡɜŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ˊɞɡ ŮˊɘɚɏɔɖəŮ: (Ŭ) 

ŭɞɟɡűɞɟɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ, (ɓ) ũŮɤɟŬɜŰɎɟ (GPR) əŬɘ (ɔ) ȺˊɑɔŮɘŬ ɟŬŭɘɞɛŮŰɟɑŬ. Ƀ 
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ˊɑɜŬəŬɠ ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ɓŬůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɛŮɗɧŭɤɜ ŬɡŰɩɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɢɤɟɘəɐ 

Űɞɡɠ ŬɜɎɚɡůɖ, Űɞ űŬůɛŬŰɘəɧ Űɞɡɠ Ůɨɟɞɠ Űɖ ɢɤɟɘəɐ ɏəŰŬůɖ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ əŬɚɨɣɞɡɜ, 

Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡɠ ŮɝŬɔɤɔɐɠ ŰɟɘůŭɘɎůŰŬŰɤɜ ˊɚɖɟɞűɞɟɘɩɜ Űɞɡ ɡˊŮŭɎűɞɡɠ, Űɞ Ŭɜ 

ɛˊɞɟɞɨɜ ɜŬ ŭɘŮɘůŭɨůɞɡɜ ůŰɞ ɏŭŬűɞɠ əŬɘ Ŭɜ ŬˊɞŰŮɚɏůɞɡɜ ŬɟɢŮɘɞɗŮŰɖɛɏɜŬ ŭŮŭɞɛɏɜŬ. 

ɀŮɚŮŰɩɜŰŬɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ ŬɡŰɏɠ əŬŰŬɚɐɔɞɡɛŮ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ əŬɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ 

ŰŮɢɜɞɚɞɔɑŮɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ "ɘŭŬɜɘəɐ" ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ ɛɘŬɠ ŬɟɢŬɘɞɚɞɔɘəɐɠ 

ɏɟŮɡɜŬɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞɘ ˊɞɚɡűŬůɛŬŰɘəɏɠ ŮɘəɧɜŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŭɞɡɜ 

ˊɏɟŬ Ŭˊɧ Űɞ ɞɟŬŰɧ ŰɛɐɛŬ Űɞɡ űɎůɛŬŰɞɠ. ȷɡŰɧ ɏɢŮɘ ɤɠ ůɡɜɏˊŮɘŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ 

ŬɜɘɢɜŮɨɞɡɜ ŬɜɤɛŬɚɑŮɠ Űɖɠ ɓɚɎůŰɖůɖɠ. ɇŬɡŰɧɢɟɞɜŬ ɧɛɤɠ ɖ ɢɤɟɘəɐ Űɞɡɠ ŬɜɎɚɡůɖ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ˊɟɞɓɚɖɛŬŰɘəɐ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ɗŬɛɛɏɜɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ȷɜŰɑɗŮŰŬ, ɖ ŮˊɑɔŮɘŬ ɟŬŭɘɞɛŮŰɟɑŬ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖ 

ůɡɚɚɞɔɐ "Ŭəɟɘɓɩɜ" űŬůɛŬŰɘəɩɜ ɡˊɞɔɟŬűɩɜ (ground truth data) ɔɘŬ ɛɘəɟɞɨɠ ůŰɧɢɞɡɠ ɛŮ 

ˊŮɟɘɞɟɘůɛɏɜɖ ɢɤɟɘəɐ ɏəŰŬůɖ. ȷˊɧ Űɘɠ ŰɟŮɘɠ ŬɡŰɏɠ ɛŮɗɧŭɞɡɠ ɖ ɛɏɗɞŭɞɠ Űɞɡ ɔŮɤɟŬɜŰɎɟ 

ŮɑɜŬɘ ɖ ɛɧɜɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬˊŮɟɎůŮɘ ŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ŮŭɎűɞɡɠ əŬɘ ɜŬ ˊŬɟɎɔŮɘ ɛɘŬ ŰɟɘůŭɘɎůŰŬŰɖ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ɡˊɧɔŮɘɤɜ ůŰɧɢɤɜ ɛŮ 

Ŭɡɝɖɛɏɜɖ ɢɤɟɘəɐ ŬɜɎɚɡůɖ. 

ɄɑɜŬəŬɠ 1: ũŮɜɘəɎ ɢŬɟŬəŰɖɟɑůŰɖəŬ ȹɞɟɡűɞɟɘəɐɠ ɇɖɚŮˊɘůəɧˊɖůɖɠ, ũŮɤɟŬɜŰɎɟ (GPR) əŬɘ 

ȺˊɑɔŮɘŬɠ ɟŬŭɘɞɛŮŰɟɑŬɠ ɔɘŬ ŬɟɢŬɘɞɚɞɔɘəɏɠ ɏɟŮɡɜŮɠ. 

ɉŬɟŬəŰɖɟɑůŰɖəŬ 
ȹɞɟɡűɞɟɘəɐ 

ɇɖɚŮˊɘůəɧˊɖůɖ 
ũŮɤɟŬɜŰɎɟ (GPR) ȺˊɑɔŮɘŬ ɟŬŭɘɞɛŮŰɟɑŬ 

ɉɤɟɘəɐ ȷɜɎɚɡůɖ Medium ï High 
High ï Very High 

(adjustable) 

High ï Very High 

(adjustable) 

ūŬůɛŬŰɘəɧ Ůɨɟɞɠ 
Vis- NIR 

(Multispectral) 
Microwave 

Vis- NIR 

(Hyperspectral) 

ɉɤɟɘəɐ ɏəŰŬůɖ ɀŮɟɘəɎ km2 ɀŮɟɘəɎ ŮəŰɎɟɘŬ ɀŮɟɘəɎ m2 

3ȹ ŬˊŮɘəɧɜɘůɖ ɃɉȽ ɁȷȽ ɃɉȽ 

ȹɘŮɑůŭɡůɖ ůŰɞ ɏŭŬűɞɠ ɃɉȽ ɁȷȽ ɃɉȽ 

ȷɟɢŮɘɞɗŮŰɖɛɏɜŬ 

ŭŮŭɞɛɏɜŬ 
ɁȷȽ ɃɉȽ ɃɉȽ 

Ⱥɑŭɞɠ ŭŮŭɞɛɏɜɤɜ Raster Point Raster 
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ɇŬ ŮɟŮɡɜɖŰɘəɎ ŮɟɤŰɐɛŬŰŬ ˊɞɡ ɗɏŰɞɜŰŬɘ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ŰŬ 

ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ əɎɗŮ ɛŮɗɧŭɞɡ, ŮɑɜŬɘ Űɞ Ŭɜ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ ɛɘŬ ɛɞɟűɐ ůɡɔɢɩɜŮɡůɖɠ 

ɛŮŰŬɝɨ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ůŮŰ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɜŬ 

ŭɖɛɘɞɡɟɔŮɑ ɛɘŬ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡɠ ɖ ɞˊɞɑŬ ɓɞɖɗɎ ůŰɖɜ əŬɚɨŰŮɟɖ ŬɜɑɢɜŮɡůɖ 

ɡˊŮŭɎűɘɤɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ əŬŰŬɚɞɑˊɤɜ. ȹɖɚŬŭɐ, ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ŮəɛŮŰŬɚɚŮɡŰɞɨɛŮ 

ŰŬɡŰɧɢɟɞɜŬ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ əɎɗŮ ɛɘŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ 

ɛŮɗɧŭɞɡɠ, əŬɘ Ůˊɑůɖɠ, ɗŬ ɛˊɞɟɞɨůŬɛŮ ɛŮ əɎˊɞɘŬ ɓŮɓŬɘɧŰɖŰŬ ɜŬ ŮəŰɘɛɐůɞɡɛŮ Űɘ ɡˊɎɟɢŮɘ 

əɎŰɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ ɢɤɟɑɠ Űɖ ŭɘŮɝŬɔɤɔɐ ɔŮɤűɡůɘəɩɜ ŭɘŬůəɞˊɐůŮɤɜ ůŮ 

ŬɡŰɐ, ŬɚɚɎ ɛɧɜɞ ɛɏůɞ Űɖɠ əɎɚɡɣɖɠ Űɖɠ ɛŮ ɛɘŬ ˊɞɚɡűŬůɛŬŰɘəɐ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ. ɀɘŬ 

ˊɟɩŰɖ ˊɟɞůˊɎɗŮɘŬ ɏɢŮɘ ɔɑɜŮɘ ůŮ ɛɘŬ ˊɟɧůűŬŰɖ ɛŮɚɏŰɖ (Agapiou et al., 2017) 

ŮűŬɟɛɧɕɞɜŰŬɠ 15 ŭɘŬűɞɟŮŰɘəɎ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ ůŮ 71 ŭɘŬűɞɟŮŰɘəɞɨɠ 

ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ Ŭˊɧ ɛŮŰɟɐůŮɘɠ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ əŬɘ ůŮ 

ɛŮŰɟɐůŮɘɠ GPR ́ ɞɡ ůɡɚɚɏɢŰɖəŬɜ Ŭˊɧ Űɞɜ ŬɟɢŬɘɞɚɞɔɘəɧ ɢɩɟɞ ñV®szto-M§gor Tellò ůŰɖɜ 

ɃɡɔɔŬɟɑŬ. ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ˊɟɞɏəŰŬůɖɠ Űɖɠ ɛŮɚɏŰɖɠ ŬɡŰɐɠ 

ɛŮ ůŰɧɢɞ ɜŬ ŭɘŮɟŮɡɜɖɗɞɨɜ ˊŮɟŬɘŰɏɟɤ ɞɘ ŰŮɢɜɘəɏɠ ůɡɔɢɩɜŮɡůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

2 ɀŮɗɞŭɞɚɞɔɑŬ ȰɟŮɡɜŬɠ 

ȼ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ɛɘŬɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ůŮŰ ŭŮŭɞɛɏɜɤɜ ɛŮ ůəɞˊɧ Űɖɜ Ůɜɑůɢɡůɖ Űɤɜ Ůɘəɧɜɤɜ əŬɘ Űɞɜ əŬɚɨŰŮɟɞ ŮɜŰɞˊɘůɛɧ 

ŬɟɢŬɘɞɚɞɔɘəɩɜ əŬŰŬɚɞɑˊɤɜ ɓŬůɑůŰɖəŮ ůŰɖɜ ŮɝŮɟŮɨɜɖůɖ Űɤɜ Ůɝɐɠ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ůŮŰ ŭŮŭɞɛɏɜɤɜ: (Ŭ) ɛɘŬ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ GeoEye ɛŮ ŬɜɎɚɡůɖ 50cm, 

(ɓ) ŮˊɑɔŮɘŮɠ ɡˊŮɟűŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ ɞɘ ɞˊɞɑŮɠ ůɡɚɚɏɢŰɖəŬɜ Ŭˊɧ ɏɜŬ 

űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞ GER-1500 (Spectral Vista Corporation, New York, NY, USA) ɛŮ 

űŬůɛŬŰɘəɧ Ůɨɟɞɠ 350-1050 nm (Visible-Near Infrared űɎůɛŬ) əŬɘ (ɔ) ɛŮŰɟɐůŮɘɠ GPR ɛŮ 

ŬɜŰɏɜŬ ůɡɢɜɧŰɖŰŬɠ 250 MHz. Ƀɘ ɛŮŰɟɐůŮɘɠ Űɞɡ GER-1500 əŬɘ Űɞɡ GPR ůɡɚɚɏɢŰɖəŬɜ 

əŬŰɎ ɛɐəɞɠ ˊŬɟɎɚɚɖɚɤɜ ŰɛɖɛɎŰɤɜ ɛŮ 0,5 m ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɛŮ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬ əɎɗŮ 5 cm əŬŰɎ ɛɐəɞɠ Űɤɜ ɔɟŬɛɛɩɜ ŬɡŰɩɜ. Ƀɘ ɛŮŰɟɐůŮɘɠ Űɞɡɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖɠ ɛɘŬɠ ůɡɔɢɩɜŮɡůɖɠ ɛŮ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ Ůɜɩ ŭŮəŬɞəŰɩ ŭɘŬűɞɟŮŰɘəɞɑ ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ ɞɘ ɞˊɞɑɞɘ ɡˊɞɚɞɔɑůŰɖəŬɜ 

Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GER-1500 ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɘəɧɜɤɜ əŬɘ Űɖɜ 

ŮűŬɟɛɞɔɐ ůŮ ŬɡŰɏɠ ŭɘɎűɞɟɤɜ ŰŮɢɜɘəɩɜ ŬɜɎɚɡůɖɠ. 

ȳɚŬ ŰŬ ůŮŰ ŭŮŭɞɛɏɜɤɜ ŮɑɢŬɜ ɐŭɖ ɡˊɞůŰŮɑ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŬɟɢɘəɎ ɓɐɛŬŰŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ: 

ůŰɖɜ ŮɘəɧɜŬ GeoEye ŮűŬɟɛɧůŰɖəŮ ɔŮɤɛŮŰɟɘəɐ əŬɘ ɟŬŭɘɞɛŮŰɟɘəɐ ŭɘɧɟɗɤůɖ əŬɘ əŬŰɎ Űɖɜ 
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ŭɘɎɟəŮɘŬ ůɡɚɚɞɔɐɠ Űɤɜ űŬůɛŬŰɘəɩɜ ɡˊɞɔɟŬűɩɜ ɖ ˊɟɞůˊɑˊŰɞɡůŬ ŬəŰɘɜɞɓɞɚɑŬ Űɞɡ ɐɚɘɞɡ 

ɛŮŰɟɐɗɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ɓŬɗɛɞɜɞɛɖɛɏɜɞ spectralon panel. ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

Űɤɜ ɛŮŰɟɐůŮɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ɚɞɔɘůɛɘəɎ IBM SPSS Statistics 20, ENVI 5.0 əŬɘ 

ArcMap 10.2. ɇŬ ɓɐɛŬŰŬ Űɖɠ ůɡɜɞɚɘəɐɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ ȺɘəɧɜŬ 18. 

ȺɘəɧɜŬ 18: Ɇɡɜɞɚɘəɐ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ˊɟɞůˊɎɗŮɘŬ Ůɜɑůɢɡůɖɠ ɛɘŬɠ 

ŭɞɟɡűɞɟɘəɐɠ ŮɘəɧɜŬɠ əŬɘ Űɞɜ ŮɜŰɞˊɘůɛɧ ŬɟɢŬɘɞɚɞɔɘəɩɜ əŬŰŬɚɞɑˊɤɜ ɛɏůɞ Űɖɠ ŮűŬɟɛɞɔɐɠ 

ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ ˊŬɚɘɜŭɟɧɛɖůɖɠ ůŮ ɛŮŰɟɐůŮɘɠ Ůɜɧɠ GPR əŬɘ Ůɜɧɠ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ 

əŬɗɩɠ əŬɘ ŭɘɎűɞɟɤɜ ŰŮɢɜɘəɩɜ ŬɜɎɚɡůɖɠ ůŮ ŮɘəɧɜŮɠ ˊɞɡ ŬɜŬˊŬɟɘůŰɞɨɜ ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ. 
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ɇɞ ˊɟɩŰɞ ɓɐɛŬ (ȸɐɛŬ 1) Űɖɠ ɛŮɚɏŰɖɠ ɏɢŮɘ ɜŬ əɎɜŮɘ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ˊɞɡ ɏɔɘɜŮ 

ɜŬ ůɡůɢŮŰɘůŰɞɨɜ 6 ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ (Green NDVI, NDVI, NDVI2, SARVI, RDVI əŬɘ 

REP), ɞɘ Űɘɛɏɠ Űɤɜ 4 əŬɜŬɚɘɩɜ (Band 1, Band 2, Band 3 əŬɘ Band 4) əŬɘ Űɤɜ 3 

ůɡɜŰŮɚŮůŰɩɜ (Crop mark, Vegetation əŬɘ Soil) Űɖɠ ŮɘəɧɜŬɠ GeoEye ɛŮ Űɞ ůɨɜɞɚɞ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ Űɞɡ ŮŭɎűɞɡɠ (ɓɎɗɞɠ 0-0.6m), ɛɏůŬ Ŭˊɧ 

ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ. ȺɝŮŰɎůŰɖəŬɜ ɛɏůŬ Ŭˊɧ ůɡɜɞɚɘəɎ 11 ŭɘŬűɞɟŮŰɘəɎ 

ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ SPSS Statistics 20 

(Linear, Logarithmic, Inverse, Quadratic, Cubic, Power, Compound, S (S-curve), 

Logistic, Growth əŬɘ Exponential). ɆŰɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ Űɖɠ ɛŮɚɏŰɖɠ (ȸɐɛŬ 2) 

ŮɝŮŰɎůŰɖəŬɜ ɡˊɞůɨɜɞɚŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR. Ƀɘ ůɡɜɞɚɘəɎ 769 ɛŮŰɟɐůŮɘɠ 

ɢɤɟɑůŰɖəŬɜ ůŮ ɞɛɎŭŮɠ ɓɎůɖ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ Űɘɛɩɜ Űɞɡɠ Űɞɡ NDVI, Űɞɡ Band 4, Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ Crop mark, Vegetation əŬɘ Soil  əŬɘ Űɤɜ 6 Ⱦɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ Űɤɜ ŭɨɞ 

PCA ́ ɞɡ ɏɔɘɜŬɜ ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ůŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ Űɞɡ ŮŭɎűɞɡɠ ( ɓɎɗɞɠ 

0-0.6m) əŬɘ ɔɘŬ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. Ⱥˊɑůɖɠ ɢɤɟɑůŰɖəŬɜ 

ůŮ ɞɛɎŭŮɠ ŮűŬɟɛɧɕɞɜŰŬɠ Űɤɜ Ŭɚɔɧɟɘɗɛɞ ɞɛŬŭɞˊɞɑɖůɖɠ K-means. ȸɎůɖ Űɖɠ ŬɜɎɚɡůɖɠ 

ŬɡŰɐɠ ŮɜŰɞˊɑůŰɖəŬɜ ŰŬ ɓɏɚŰɘůŰŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ (ȸɐɛŬ 3). 

ȷəɞɚɞɨɗɤɠ (ȸɐɛŬ 4) ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ŰŮɢɜɘəɩɜ ŬɜɎɚɡůɖɠ Ůɘəɧɜɤɜ, 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŮɘəɧɜŮɠ ɔɘŬ 18 ŭɘŬűɞɟŮŰɘəɞɨɠ ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ əŬɘ ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ 

Űɞɡ GPR ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɓɎɗɞɠ 0-0.60m. ȺɘůɎɔɞɜŰŬɠ Űɘɠ ɛŮŰɟɐůŮɘɠ ɛɏůŬ ůŰɞ 

ɚɞɔɘůɛɘəɧ ArcMap 10.2, ůŮ ɛɞɟűɐ ůɖɛŮɑɤɜ ɛŮ Űɘɠ ɑŭɘŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɛŮ ŰŬ ůɖɛŮɑŬ ůŰŬ 

ɞˊɞɑŬ ɏɔɘɜŮ ɖ ɛɏŰɟɖůɖ Űɞɡɠ ůŰɞ ˊŮŭɑɞ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɞɘ ŮɘəɧɜŮɠ ŮűŬɟɛɧɕɞɜŰŬɠ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ IDW (output cell size: 1, power: 2) əŬɘ əɎɜɞɜŰŬɠ ŮɝŬɔɤɔɐ Űɞ ŬˊɞŰɏɚŮůɛŬ ́ ɞɡ 

ˊŬɟŬɔɧŰŬɜ ůŮ ŮɘəɧɜŬ Űɨˊɞɡ tiff . ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ Űɖɜ ŮɜŰɞɚɐ Composite bands ɞɘ ŮɘəɧɜŮɠ 

ŮɜɩɗɖəŬɜ ůŮ ɛɘŬ çɔŮɜɘəɐè ŮɘəɧɜŬ ɛŮ 18 ŭɘŬűɞɟŮŰɘəɎ əŬɜɎɚɘŬ. ȼ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɏɔɘɜŮ 

əŬɘ ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ Űɞɡ ŮŭɎűɞɡɠ 

(ɓɎɗɞɠ 0-0.6m). ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ (ȸɐɛŬ 5) ɐŰŬɜ ɖ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɖ ŮűŬɟɛɞɔɐ 

ŰŮɢɜɘəɩɜ ŬɜɎɚɡůɖɠ ůŰɖɜ çɔŮɜɘəɐè ŬɡŰɐ ŮɘəɧɜŬ. ɀɏůɞ Űɞɡ ɚɞɔɘůɛɘəɞɨ ENVI 5.0 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 60 ŭɘŬűɞɟŮŰɘəɞɑ ůɡɜŭɡŬůɛɞɑ ɏɔɢɟɤɛɤɜ ůɨɜɗŮŰɤɜ (RGB) əŬɘ 

ŮűŬɟɛɧůŰɖəŮ ɛŮ ŭɘɎűɞɟɞɡɠ Ŭɟɘɗɛɞɨɠ əɚɎůŮɤɜ ɛɖ Ů́ ɘɓɚŮˊɧɛŮɜɖ əŬɘ Ů́ ɘɓɚŮˊɧɛŮɜɖ 

ŰŬɝɘɜɧɛɖůɖ, ɛŮ 3 ŭɘŬűɞɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ (Minimum Distance, 

Maximum Likelihood, Spectral Angle Mapper). Ⱥˊɘˊɚɏɞɜ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ŮɘəɧɜŬ ɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ RXD əŬɘ UTD əŬɘ ŮəŰŮɚɏůŰɖəŬɜ ŮˊɘɓɚŮˊɧɛŮɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ ɛŮ Űɖ ɢɟɐůɖ 

Űɤɜ Support Vector machines ŮűŬɟɛɧɕɞɜŰŬɠ 4 ŭɘŬűɞɟŮŰɘəɞɨɠ Űɨˊɞɡɠ ɛŬɗɖɛŬŰɘəɩɜ 
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ɛɞɜŰɏɚɤɜ Kernel (Linear, Polynomial, Radial Basis Function əŬɘ Sigmoid). ɀŮ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůɢɞɚɘɎůŰɖəŬɜ ŰŬ  ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ əŬɘ ŮɝɐɢɗɖůŬɜ əɎˊɞɘŬ ůɡɛˊŮɟɎůɛŬŰŬ (ȸɐɛŬ 6). ɇɏɚɞɠ (ȸɐɛŬ 7) ɛŮɟɘəɎ Ŭˊɧ 

ŰŬ əŬɚɨŰŮɟŬ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ əŬŰɎ ŰŬ ˊɟɩŰŬ ŰɟɑŬ ůŰɎŭɘŬ Űɖɠ 

ɛŮɚɏŰɖɠ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ GeoEye ˊɞɡ əŬɚɨˊŰŮɘ Űɖɜ ˊŮɟɘɞɢɐ 

ɛŮɚɏŰɖɠ. 

3 ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ: V®szto-M§gor Tell 

ɇɞ V®szto-M§gor Tell ɓɟɑůəŮŰŬɘ ůŰɖ ɜɞŰɘɞŬɜŬŰɞɚɘəɐ ɀŮɔɎɚɖ ɄŮŭɘɎŭŬ Űɖɠ ɃɡɔɔŬɟɑŬɠ 

ɛŮ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ 46Á56ǋ24.36ǌ əŬɘ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ 21Á12ǋ32.67ǌ (WGS84). 

ȾŬɚɨˊŰŮɘ ɛɘŬ ɏəŰŬůɖ 4.25 ŮəŰŬɟɑɤɜ əŬɘ űŰɎɜŮɘ ůŮ ɡɣɧɛŮŰɟɞ 9 ɛɏŰɟɤɜ ˊɎɜɤ Ŭˊɧ Űɖ ɛɏůɖ 

ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ. (ȺɘəɧɜŬ 15) ɆŰɖɜ əɞɟɡűɐ Űɞɡ ɡˊɎɟɢŮɘ ɏɜŬ ɛɞɜŬůŰɐɟɘ Űɞ ɞˊɞɑɞ 

ŬˊɞŰŮɚŮɑ Űɞ ŮˊɑəŮɜŰɟɞ Űɤɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ ŬɜŬůəŬűɩɜ ˊɞɡ ɝŮəɑɜɖůŬɜ Űɞ 1968. Ƀɘ 

ŬɜŬůəŬűɏɠ ŬˊɞəɎɚɡɣŬɜ ˊɞɚɘŰɘůŰɘəɎ ůŰɟɩɛŬŰŬ ŰŬ ɞˊɞɑŬ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ Ŭˊɧ Űɖɜ 

ȴůŰŮɟɖ ɀɏůɖ ɁŮɞɚɘɗɘəɐ ˊŮɟɑɞŭɞ əŬɘ ůɡɜŮɢɑɕɞɜŰŬɘ ɛɏɢɟɘ Űɖɜ ȴůŰŮɟɖ ɁŮɞɚɘɗɘəɐ ˊŮɟɑɞŭɞ 

(ˊŮɟɑˊɞɡ 5000-4600 ˊ.ɉ.). ɀŮŰɎ Űɖɜ ɨůŰŮɟɖ ɜŮɞɚɘɗɘəɐ ˊŮɟɑɞŭɞ ɖ ˊŮɟɘɞɢɐ 

ŮɔəŬŰŬɚŮɑűɗɖəŮ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŬɜŬəŬŰŬůəŮɡŬůŰŮɑ əŬŰɎ Űɖɜ Ʉɟɩɘɛɖ Ⱥˊɞɢɐ Űɞɡ 

ɉŬɚəɞɨ. ȼ əŬŰɞɑəɖůɖ Űɞɡ ɞɘəɘůɛɞɨ ůɡɜŮɢɑůŰɖəŮ ɛɏɢɟɘ Űɖɜ Ʉɟɩɘɛɖ / ɀɏůɖ Ⱥˊɞɢɐ Űɞɡ 

ɉŬɚəɞɨ ɛŮ ɛɘŬ ɛɘəɟɐ ŭɘŬəɞˊɐ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɀɏůɖɠ Ⱥˊɞɢɐɠ Űɞɡ ɉŬɚəɞɨ. ũɨɟɞ 

ůŰɞɜ 11ɞ ŬɘɩɜŬ ɛ.ɉ. ɘŭɟɨɗɖəŮ ɛɘŬ ŮəəɚɖůɑŬ əŬɘ ɏˊŮɘŰŬ ɏɜŬ ɛɞɜŬůŰɐɟɘ. ȼ ɛɞɜɐ 

ɚŮɘŰɞɨɟɔɖůŮ ɛɏɢɟɘ ŰŬ Űɏɚɖ Űɞɡ 14ɞɡ ŬɘɩɜŬ Ůɜɩ ɞɘ ŭɨɞ ˊɨɟɔɞɘ Űɖɠ ŮəəɚɖůɑŬɠ ˊŬɟɏɛŮɘɜŬɜ 

ɧɟɗɘɞɘ ɛɏɢɟɘ Űɞ 1798. ɆŰɘɠ Ŭɟɢɏɠ Űɞɡ 19ɞɡ ŬɘɩɜŬ, Űɞ ɛɞɜŬůŰɐɟɘ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŮ ůŰɞ 

ɜɧŰɘɞ ŰɛɐɛŬ Űɞɡ əŬŰŬůŰɟɎűɖəŮ ɞɚɞůɢŮɟɩɠ Ŭˊɧ Űɘɠ ŮɟɔŬůɑŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ ɛɘŬɠ ɞɘɜŬˊɞɗɐəɖɠ. ȷˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ ȭ80 ɖ ˊŮɟɘɞɢɐ 

ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ ŮɗɜɘəɎ ˊɎɟəŬ Űɖɠ ɃɡɔɔŬɟɑŬɠ. 

ȾŬŰɎ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɏŰɖ ɖ ˊŮɟɘɞɢɐ ɏɢŮɘ ŭɘŮɟŮɡɜɖɗŮɑ ŮɜŰŬŰɘəɎ ɤɠ ɛɏɟɞɠ Űɞɡ 

ɄŮɟɘűŮɟŮɘŬəɞɨ ȷɟɢŬɘɞɚɞɔɘəɞɨ ɄɟɞɔɟɎɛɛŬŰɞɠ Kºrºs ɛŮ ŭɘɎűɞɟŮɠ ɛɖ ŮˊŮɛɓŬŰɘəɏɠ 

ŰŮɢɜɘəɏɠ. Ƀɘ ŰŮɢɜɘəɏɠ ŬɡŰɏɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮɜŰŬŰɘəɏɠ ŮˊɘűŬɜŮɘŬəɏɠ ůɡɚɚɞɔɏɠ ůŮ ˊɚɏɔɛŬ 

əŬɗɩɠ əŬɘ ɛŬɔɜɖŰɞɛŮŰɟɑŬ, ɛŮŰɟɐůŮɘɠ ɛŮ ɔŮɤɟŬɜŰɎɟ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɎ 

űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟŬ, ŰɞɛɞɔɟŬűɑŬ ɖɚŮəŰɟɘəɐɠ ŬɜŰɑůŰŬůɖɠ əŬɘ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖ ɢɖɛŮɑŬ Űɞɡ 

ŮŭɎűɞɡɠ Űɖɠ ˊŮɟɘɞɢɐɠ. ȸɎůɖ Űɖɠ ɘŭɘɞɛɞɟűɑŬɠ Űɤɜ əŮɟŬɛɘəɩɜ ˊɞɡ ŬɜŬəŬɚɨűɗɖəŬɜ ůŰɖɜ 

ˊŮɟɘɞɢɐ, űŬɑɜŮŰŬɘ ɧŰɘ ˊɘɗŬɜɧɜ ɜŬ ŮɑɢŮ əŬŰɞɘəɖɗŮɑ ɔɘŬ ŬɟəŮŰɞɨɠ ŬɘɩɜŮɠ əŬŰɎ Űɖ ɁŮɞɚɘɗɘəɐ 

ˊŮɟɑɞŭɞ. 
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ɆŰɖɜ ŮɘəɧɜŬ 19 ˊŬɟŬŰɖɟɞɨɛŮ ɛŮ əɧəəɘɜɞ ˊɞɚɨɔɤɜɞ Űɖɜ ˊŮɟɘɞɢɐ ůŰɖɜ ɞˊɞɑŬ ɏɔɘɜŬɜ 

ɛŮŰɟɐůŮɘɠ ɛŮ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟŬ Ůɜɩ ɞɘ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ŮəŰŮɚɏůŰɖəŬɜ ɔŮɤűɡůɘəɏɠ 

ŭɘŬůəɞˊɐůŮɘɠ ɛŮ ɔŮɤɟŬɜŰɎɟ əŬɘ ɛŬɔɜɖŰɘəɏɠ ɛŮɗɧŭɞɡɠ űŬɑɜɞɜŰŬɘ ɛŮ ɛˊɚŮ əŬɘ ɔəɟɑɕɞ 

ɢɟɩɛŬ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 19: ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ: V®szto-M§gor Tell. ɇŬ ɔəɟɑɕŬ əŬɘ Űɞ ɛˊɚŮ ˊɞɚɨɔɤɜɞ ɡˊɞŭŮɘəɜɨɞɡɜ 

Űɘɠ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ŭɘŮɝɎɢɗɖəŬɜ ɔŮɤűɡůɘəɏɠ ŭɘŬůəɞˊɐůŮɘɠ Ůɜɩ Űɞ əɧəəɘɜɞ Űɖɜ ˊŮɟɘɞɢɐ ɧˊɞɡ ɏɔɘɜŮ 

ůɡɚɚɞɔɐ űŬůɛŬŰɞɟŬŭɘɞɛŮŰɟɘəɩɜ ɛŮŰɟɐůŮɤɜ. ȼ ɧɚɖ ˊŮɟɘɞɢɐ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ɛɘŬ ŮɘəɧɜŬ GeoEye. 
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4 ȷˊɞŰŮɚɏůɛŬŰŬ 

4.1 ȷˊɞŰŮɚɏůɛŬŰŬ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ ˊŬɚɘɜŭɟɧɛɖůɖɠ 

ȾŬŰɎ Űɖɜ ́ ɟɞůˊɎɗŮɘŬ  ŮɜŰɞˊɘůɛɞɨ Űɞɡ ɓɏɚŰɘůŰɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ˊŬɚɘɜŭɟɧɛɖůɖɠ 

ɛŮŰŬɝɨ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ əŬɘ Űɞɡ GPR ɏɚŬɓŬɜ ɛɏɟɞɠ ůŰɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ ˊɟɩŰŬ ŰɟɑŬ 

ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ɓɎɗɞɠ 0-0.20m, 0.20-0.40m əŬɘ 0.40-0.60m. ɆŰɞɜ 

ˊɑɜŬəŬ 2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ 11 ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ɜŬ 

ůɡůɢŮŰɘůŰɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR, ɞɘ ŭɘɎűɞɟɞɘ ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ, ɞɘ Űɘɛɏɠ Űɤɜ 4 

əŬɜŬɚɘɩɜ əŬɘ Űɤɜ 3 ůɡɜŰŮɚŮůŰɩɜ Crop mark, Vegetation əŬɘ Soil Űɖɠ ŮɘəɧɜŬɠ GeoEye. 

 ɄɑɜŬəŬɠ 2:  ũŮɜɘəɏɠ ɛŬɗɖɛŬŰɘəɏɠ ŮɝɘůɩůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ 

ɛɞɜŰɏɚɞɡ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɛŮŰŬɝɨ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ (X) əŬɘ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŰŬ ŭɘɎűɞɟŬ ɓɎɗɖ (Y). 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ (coefficient of determination) R2, ɞ ɞˊɞɑɞɠ ɡˊɞŭŮɘəɜɨŮɘ 

ˊɧůɞ əɞɜŰɎ ŮɑɜŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ůŰɖɜ ˊɟɞůŬɟɛɞůɛɏɜɖ ɔɟŬɛɛɐ ˊŬɚɘɜŭɟɧɛɖůɖɠ, əŬɗɩɠ əŬɘ 

ɖ ́ɘɗŬɜɧŰɖŰŬ p-value (Significance) ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ əɎɗŮ ŭɘŬűɞɟŮŰɘəɧ ůɡɜŭɡŬůɛɧ 

ˊɞɡ ŮɝŮŰɎůŰɖəŮ ɛŮŰŬɝɨ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ əŬɘ Űɤɜ ŭŮŭɞɛɏɜɤɜ (3 Űɞɛɏɠ 

ɛŮŰɟɐůŮɤɜ GPR * 6 ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ, 4 űŬůɛŬŰɘəɎ əŬɜɎɚɘŬ, 3 ůɡɜŰŮɚŮůŰɏɠ * 11 

ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ). 

A/ȷ ũŮɜɘəɏɠ ŮɝɘůɩůŮɘɠ ȳɜɞɛŬ 

1. Y = b0 + (b1 * X) Linear 

2. Y = b0 + (b1 * ln(X)) Logarithmic 

3. Y = b0 + (b1 / X) Inverse 

4. Y = b0 + (b1 * X) + (b2 * X2) Quadratic 

5. Y = b0 + (b1 * X) + (b2 * X2) + (b3 * X3) Cubic 

6. Y = b0 * (Xb1) ɐ ln(Y) = ln(b0) + (b1 * ln(X)) Power 

7. Y = b0 * (b1X) ɐ ln(Y) = ln(b0) + (ln(b1) * X) Compound 

8. Y = e (b0 + (b1/X)) ɐ ln(Y) = b0 + (b1/X) S (S-curve) 

9. Y = 1 / (1/u + (b0 * (b1X))) ɐ ln(1/Ɉ-1/u) = ln (b0) + (ln(b1) * X) Logistic 

10. Y = e (b0 + (b1 * X)) ɐ ln(Y) = b0 + (b1 * X) Growth 

11. Y = b0 * e (b1 * X) ɐ ln(Y) = ln(b0) + (b1 * X) Exponential 



40 

 

ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮɝŮŰɎůŰɖəŮ ɧɚɞ Űɞ ůɨɜɞɚɞ Űɤɜ 769 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ˊɞɡ ůɡɚɚɏɢŰɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. ȷˊɧ Űɞɡɠ 6 ŭŮɑəŰŮɠ 

ɓɚɎůŰɖůɖɠ ́ ɞɡ ŮɟŮɡɜɐɗɖəŬɜ, ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɞ REP ́ ŬɟɞɡůɑŬůŮ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ 

Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ɛɏůɞɡ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. 

ɆɡɔəŮəɟɘɛɏɜŬ ɖ ɘůɢɡɟɧŰŮɟɖ ůɡůɢɏŰɘůɖ Űɞɡ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ɐŰŬɜ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ůŰɖɜ ˊɟɩŰɖ Űɞɛɐ Űɞɡ ŮŭɎűɞɡɠ ɖ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɓɎɗɞɠ 0-0.2m. 

Ƀ ɚɧɔɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ ˊɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ əŬŰɩŰŮɟŮɠ 

Űɞɛɏɠ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ɓɎɗɞɠ 0.6 ɏɤɠ 2 ɛɏŰɟŬ ŭŮɜ ŮɝŮŰɎůŰɖəŬɜ ˊŮɟŮŰŬɑɟɤ ŮɑɜŬɘ ŮˊŮɘŭɐ 

ˊŬɟɞɡůɑŬůŬɜ ˊɞɚɨ ɢŬɛɖɚɏɠ ůɡůɢŮŰɑůŮɘɠ ůŰɞ Ŭɟɢɘəɧ ŬɡŰɧ ůŰɎŭɘɞ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɔɟŬűɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŰŬ 

ɛɘəɟɧŰŮɟŬ ɓɎɗɖ (0-0.60m) ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ȺɘəɧɜŬ 20, 21, 22).  

ȺɘəɧɜŬ 20: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.242 

əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant (b0) = 716.551, b1 = -0.002, b2 = 

6.086E-008 əŬɘ b3 = 6.748E-011. 
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ȺɘəɧɜŬ 21: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.20-0.40m (ɎɝɞɜŬɠ Űɤɜ x) 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ȼ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ Űɞɡɠ ŮɜŰɞˊɑɕŮŰŬɘ 

ɛɏůɞ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ Cubic əŬɘ Quadratic. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 əŬɘ 

ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.157 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ Cubic: 

Constant (b0) = 720.696, b1 = -0.001, b2 = 4.644E-008 əŬɘ b3 = 3.306E-010. ɄŬɟɎɛŮŰɟɞɘ 

ɛɞɜŰɏɚɞɡ Quadratic: Constant (b0) = 720.515, b1 = 1.507E-005, b2 = -9.337E-007. 
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ȺɘəɧɜŬ 22: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.40-0.60m (ɎɝɞɜŬɠ Űɤɜ x) 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ȼ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ Űɞɡɠ ŰɜɞˊɑůŰɖəŮ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.220 

əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant (b0) = 720.819, b1 = -0.001, b2 = -

4.182E-006 əŬɘ b3 = 2.208E-009. 
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4.1.1 ȹɘŬɢɤɟɘůɛɧɠ ɛŮŰɟɐůŮɤɜ ůŮ əɚɎůŮɘɠ 

ɀŮ ůəɞˊɧ ɜŬ ŮɝŮŰŬůŰɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ ˊŮɟŬɘŰɏɟɤ, ŭɘŬɢɤɟɑůŰɖəŬɜ ůŮ ɞɛɎŭŮɠ ɓɎůɖ Űɞɡ 

ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ NDVI, Űɤɜ Űɘɛɩɜ Űɞɡ əŬɜŬɚɘɞɨ 4 Űɖɠ ŮɘəɧɜŬɠ GeoEye əŬɘ 

ŮűŬɟɛɧɕɞɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ɞɛŬŭɞˊɞɑɖůɖɠ K-means. ɀŮ Űɞɡɠ ŭɘɎűɞɟɞɡɠ ŭɘŬɢɤɟɘůɛɞɨɠ 

ŬɡŰɞɨɠ ˊɟɞɏəɡɣŬɜ ́ ŮɟɘˊŰɩůŮɘɠ ɛŮ ŬɟəŮŰɎ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ 

R2. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɧɛɤɠ Ŭˊɧ ŬɡŰɏɠ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ůɡɛɛŮŰŮɑɢŬɜ ůŰɞ 

ɛɞɜŰɏɚɞ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɐŰŬɜ ŬɟəŮŰɎ ɛɘəɟɧɠ. ɃˊɧŰŮ ŭŮɜ ɛˊɞɟɞɨɛŮ ɜŬ əŬŰŬɚɐɝɞɡɛŮ ůŰɞ 

ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɧɜŰɤɠ ˊŬɟɞɡůɘɎůŰɖəŮ ɛɘŬ ɘůɢɡɟɧŰŮɟɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ.  

ɆŰɖɜ ŮɘəɧɜŬ 23 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɖɠ ɘůɢɡɟɧŰŮɟɖɠ ůɡůɢɏŰɘůɖɠ ˊɞɡ 

ŮɜŰɞˊɑůŰɖəŮ ŭɘŬɢɤɟɑɕɞɜŰŬɠ Űɘɠ ɛŮŰɟɐůŮɘɠ ɓɎůɖ Űɞɡ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ NDVI. ɆŮ ŬɡŰɐ 

Űɖɜ ˊŮɟɑˊŰɤůɖ ɞ ŭŮɑəŰɖɠ ɓɚɎůŰɖůɖɠ REP əŬɘ Űɞ ɛɞɜŰɏɚɞ Cubic ɐŰŬɜ ɞ əŬɚɨŰŮɟɞɠ 

ůɡɜŭɡŬůɛɧɠ. ȽəŬɜɞˊɞɘɖŰɘəɧ ŬˊɞŰɏɚŮůɛŬ ŮəŰɧɠ Űɞɡ Cubic ɏŭɤůŬɜ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ 

ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ŮəŰɧɠ Űɞ Inverse əŬɘ Űɞ S (S-curve). Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ɛŮŰɟɐůŮɤɜ 

ůŮ ɞɛɎŭŮɠ ɓɎůɖ Űɤɜ Űɘɛɩɜ Űɞɡ əŬɜŬɚɘɞɨ 4 əŬɘ ɖ ŮűŬɟɛɞɔɐ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ K-means ɔɘŬ 

Űɞ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ɛŮŰɟɐůŮɤɜ ůŮ 3 əŬɘ 4 ɞɛɎŭŮɠ ŭŮɜ əŬŰɏɚɖɝŮ ůŮ əɎˊɞɘɞ ɘəŬɜɞˊɞɘɖŰɘəɧ 

ŬˊɞŰɏɚŮůɛŬ əŬɗɩɠ ɞɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡůɢɏŰɘůɖɠ R2 ůŮ ŬɡŰɏɠ Űɘɠ ́ Ůɟɘ́ ŰɩůŮɘɠ ɐŰŬɜ 

ŬɟəŮŰɎ ɢŬɛɖɚɏɠ. 
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ȺɘəɧɜŬ 23: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ NVDI Ŭˊɧ 0.34 ɏɤɠ 0.5. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ 

R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.43 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0.001. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant (b0) = 713.393, 

b1 = -0.003, b2 = -1.523E-006 əŬɘ b3 = -4.214E-010. 
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4.1.2 ɆɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil 

Ƀɘ ŮˊɧɛŮɜɞɘ ́ ŬɟɎɔɞɜŰŮɠ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɞɘ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ŮɝŮŰɎůŰɖəŬɜ ůŬɜ ůɨɜɞɚɞ 

ŬɚɚɎ əŬɘ ůŬɜ ůŮ ɞɛɎŭŮɠ ɐŰŬɜ ɞɘ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. ɇɞ ůɨɜɞɚɞ 

ɧɚɞ Űɤɜ ɛŮŰɟɐůŮɤɜ, ŭɘŬɢɤɟɑɕɞɜŰŬɠ Űɞ Ŭəɧɛɖ əŬɘ ůŮ ɞɛɎŭŮɠ, ɏŭɤůŮ ŬɟəŮŰɎ ɢŬɛɖɚɏɠ 

ůɡůɢŮŰɑůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ŰɟŮɘɠ ŬɡŰɞɨɠ ůɡɜŰŮɚŮůŰɏɠ. Ƀɘ ɞɛɎŭŮɠ ɧɛɤɠ Űɤɜ ɛŮŰɟɐůŮɤɜ 

ˊɞɡ ˊɟɞɏəɡɣŬɜ ŭɘŬɢɤɟɑɕɞɜŰŬɠ ŰŮɠ ɓɎůɖ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ ůɡɜŰŮɚŮůŰɩɜ ˊŬɟɞɡůɑŬůŬɜ 

əɎˊɞɘŬ ŮɜɗŬɟɟɡɜŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ 

ɧɛɤɠ ɞɘ ůɡůɢŮŰɑůŮɘɠ əŬɘ ůŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ɛɖɜ ŮɑɜŬɘ ɘůɢɡɟɏɠ 

Ŭűɞɨ Ůˊɑůɖɠ Ŭűɞɟɞɨɜ ɏɜŬ ˊɞɚɨ ɛɘəɟɧ Ŭɟɘɗɛɧ Űɞɡ ŭŮɑɔɛŬŰɞɠ Űɤɜ ɛŮŰɟɐůŮɤɜ. 

Ƀɘ ɔɟŬɛɛɘəɏɠ ŮɝɘůɩůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

Crop mark, Vegetation əŬɘ Soil Űɖɠ ŮɘəɧɜŬɠ GeoEye ŮɑɜŬɘ ɞɘ Ůɝɐɠ (Agapiou, 2013): 

Crop markGeoEye-1 = - 0.39*ɟblue - 0.73*ɟgreen + 0.17*ɟred - 0.54*ɟNIR  (1) 

VegetationGeoEye-1 = - 0.35*ɟblue - 0.37*ɟgreen - 0.68*ɟred + 0.54*ɟNIR  (2) 

SoilGeoEye-1 = 0.08*ɟblue + 0.27*ɟgreen - 0.71*ɟred - 0.65*ɟNIR    (3) 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɔɟŬűɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ Űɤɜ ɘůɢɡɟɧŰŮɟɤɜ ůɡůɢŮŰɑůŮɤɜ ˊɞɡ 

ŮɜŰɞˊɑůŰɖəŬɜ ŭɘŬɢɤɟɑɕɞɜŰŬɠ Űɘɠ ɛŮŰɟɐůŮɘɠ ůŮ ɞɛɎŭŮɠ ɓɎůɖ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ 

ůɡɜŰŮɚŮůŰɩɜ (ȺɘəɧɜŬ 24, 25, 26 əŬɘ 27). ɆŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɞ ůɡɜŭɡŬůɛɧɠ Űɞɡ 

ɛɞɜŰɏɚɞɡ Cubic ɛŮ Űɞ ŭŮɑəŰɖ REP ɞŭɐɔɖůŮ əŬɘ ˊɎɚɘ ůŰŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 
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ȺɘəɧɜŬ 24: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ Crop mark Ŭˊɧ -0.19 ɏɤɠ -0.1. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.378 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant 

(b0) = 716.209, b1 = -0.001, b2 = 1.112E-006 əŬɘ b3 = 3.151E-010. 
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ȺɘəɧɜŬ 25: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.40-0.60m (ɎɝɞɜŬɠ Űɤɜ x) 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ Crop mark Ŭˊɧ -0.19 ɏɤɠ -0.1. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.422 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant 

(b0) = 720.156, b1 = 0.006, b2 = -1.720E-005 əŬɘ b3 = 7.491E-009. 
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ȺɘəɧɜŬ 26: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ Vegetation Ŭˊɧ -2 ɏɤɠ 6. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ 

R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.331 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant (b0) = 713.489, 

b1 = -0.006, b2 = -2.475E-006 əŬɘ b3 = -4.454E-010. 
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ȺɘəɧɜŬ 27: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ Soil Ŭˊɧ -20 ɏɤɠ -10. Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 

ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.379 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant (b0) = 716.214, b1 

= 0, b2 = 2.159E-006 əŬɘ b3 = 5.071E-010. 
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4.1.3 Principal Components Analysis 

ȼ ŰŮɚŮɡŰŬɑŬ ˊɟɞůˊɎɗŮɘŬ ˊɞɡ ɏɔɘɜŮ ɔɘŬ ɜŬ ŮɜŰɞˊɘůŰŮɑ ɛɘŬ ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŰŬ ŭɘɎűɞɟŬ ɓɎɗɖ əŬɘ Űɞɡ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ ɏɔɘɜŮ ɛɏůɞ Űɖɠ 

ɢɟɐůɖɠ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ȷɜɎɚɡůɖɠ Űɤɜ Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜ (PCT). Ƀ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜ ŮűŬɟɛɧůŰɖəŮ ŭɨɞ űɞɟɏɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ŰɟŮɑɠ ȾɨɟɘŮɠ ɆɡɜɘůŰɩůŮɠ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ɆŰɖɜ ˊɟɩŰɖ Űɞɡ ŮəŰɏɚŮůɖ ůɡɛɛŮŰŮɑɢŬɜ ɞɘ 

ŰɟŮɘɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil, Ůɜɩ ůŰɖɜ ŭŮɨŰŮɟɖ ɞɘ ɛŮŰɟɐůŮɘɠ Űɞɡ 

GPR ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɓɎɗɖ Ŭˊɧ 0-0.60m. Ƀɘ ɛŮŰɟɐůŮɘɠ ŮɝŮŰɎůŰɖəŬɜ ůŬɜ ůɨɜɞɚɞ 

ŬɚɚɎ əŬɘ ůŬɜ ɞɛɎŭŮɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 3 ȾɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ ́ ɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ. ȹɡůŰɡɢɩɠ ɧɛɤɠ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ŭŮɜ ˊŬɟɞɡůɘɎůŰɖəŮ əɎˊɞɘŬ 

ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ. ɄŬɟɧɚŬ ŬɡŰɎ, ɞɘ ɞɛɎŭŮɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞ 

ŭɘŬɢɤɟɘůɛɧ Űɞɡɠ ɓɎůɖ Űɤɜ Űɟɘɩɜ Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜ Űɖɠ əɎɗŮ ˊŮɟɑˊŰɤůɖɠ 

ˊŬɟɞɡůɑŬůŬɜ ŬɟəŮŰɎ əŬɚɏɠ ůɡůɢŮŰɑůŮɘɠ ɛŮ Űɞɡɠ ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ REP, GREEN NDVI 

əŬɘ SARVI. ɇɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ Cubic ɐŰŬɜ ŬɡŰɧ ˊɞɡ ɝŮɢɩɟɘůŮ əŬɘ ˊɎɚɘ 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŰŬ əŬɚɨŰŮɟŬ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɞɛɐůŮɘɠ. ȷɟəŮŰɎ ɘəŬɜɞˊɞɘɖŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɧɛɤɠ ɏŭɤůŬɜ əŬɘ ŰŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ Inverse əŬɘ Quadratic. 

ɆŰɘɠ ŮɘəɧɜŮɠ (ȺɘəɧɜŬ 28 ɏɤɠ 38) ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɔɟŬűɘəɏɠ 

ˊŬɟŬůŰɎůŮɘɠ Űɤɜ ɘůɢɡɟɧŰŮɟɤɜ ůɡůɢŮŰɑůŮɤɜ ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ ɛŮŰŬɝɨ Űɤɜ ɛŮŰɟɐůŮɤɜ 

ŭɘŬɢɤɟɑɕɞɜŰŬɠ ŰŮɠ ůŮ ɞɛɎŭŮɠ ɓɎůɖ Űɤɜ 6 Ⱦɨɟɘɤɜ ɆɡɜɘůŰɤůɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil əŬɘ Űɘɠ ɛŮŰɟɐůŮɘɠ 

Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.60m. 



51 

 

 

ȺɘəɧɜŬ 28: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ -3.5 ɏɤɠ -1 Űɖɠ ˊɟɩŰɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.416 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant 

(b0) = 716.478, b1 = 0.002, b2 = 3.387E-006 əŬɘ b3 = 8.187E-010. 
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ȺɘəɧɜŬ 29: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ -3.8 ɏɤɠ -1 Űɖɠ ŭŮɨŰŮɟɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.396 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant 

(b0) = 714.362, b1 = -0.003, b2 = -5.708E-008 əŬɘ b3 = 8.958E-011. 
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ȺɘəɧɜŬ 30: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ -1 ɏɤɠ -0.5 Űɖɠ ŰɟɑŰɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.36 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant 

(b0) = 714.824, b1 = -0.005, b2 = -7.543E-007 əŬɘ b3 = 8.146E-011. 
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ȺɘəɧɜŬ 31: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.40-0.60m (ɎɝɞɜŬɠ Űɤɜ x) 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ GREEN NDVI (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ 

ůɡůɢɏŰɘůɖ ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ 0.8 ɏɤɠ 4.3 Űɖɠ ŰɟɑŰɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ 

ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. Ƀ 

ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.329 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ 

ɛɞɜŰɏɚɞɡ: Constant (b0) = 0.674, b1 = 0, b2 = -7.060E-007 əŬɘ b3 = 4.000E-010. 
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ȺɘəɧɜŬ 32: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ GREEN NDVI (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ 

ůɡůɢɏŰɘůɖ ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ 1 ɏɤɠ 4.3 Űɖɠ ŰɟɑŰɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ 

ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. Ƀ 

ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.41 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: 

Constant (b0) = 0. 493, b1 = -5.499E-005, b2 = 4.931E-008 əŬɘ b3 = 1.569E-011. 
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ȺɘəɧɜŬ 33: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.40-0.60m (ɎɝɞɜŬɠ Űɤɜ x) 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ GREEN NDVI (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ 

ůɡůɢɏŰɘůɖ ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ 1 ɏɤɠ 4.3 Űɖɠ ŰɟɑŰɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ 

ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. Ƀ 

ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.442 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ 

ɛɞɜŰɏɚɞɡ: Constant (b0) = 0.660, b1 = 0, b2 = -1.128E-006 əŬɘ b3 = 6.463E-010. 
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ȺɘəɧɜŬ 34: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.40-0.60m (ɎɝɞɜŬɠ Űɤɜ x) 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ GREEN NDVI (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ 

ůɡůɢɏŰɘůɖ ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ 1 ɏɤɠ 2.6 Űɖɠ ŰɟɑŰɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ 

ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ Crop mark, Vegetation əŬɘ Soil. Ƀ 

ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.448 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ 

ɛɞɜŰɏɚɞɡ: Constant (b0) = 0.660, b1 = 0, b2 = -1.068E-006 əŬɘ b3 = 5.993E-010. 
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ȺɘəɧɜŬ 35: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ SARVI (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ -4 ɏɤɠ -1 Űɖɠ ŭŮɨŰŮɟɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ɔɘŬ ɓɎɗɖ Ŭˊɧ 0-0.60m. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.408 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant 

(b0) = 1.556, b1 = 1.893E-005, b2 = -7.577E-009 əŬɘ b3 = -4.367E-012. 
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ȺɘəɧɜŬ 36: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.40-0.60m (ɎɝɞɜŬɠ Űɤɜ x) 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ SARVI (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ 

ůɡůɢɏŰɘůɖ ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ -4 ɏɤɠ -1 Űɖɠ ŭŮɨŰŮɟɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ 

ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ɔɘŬ ɓɎɗɖ Ŭˊɧ 0-0.60m. Ƀ 

ůɡɜŰŮɚŮůŰɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.491 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ 

ɛɞɜŰɏɚɞɡ: Constant (b0) = 1.541, b1 = 0, b2 = 2.500E-007 əŬɘ b3 = -1.097E-010. 
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ȺɘəɧɜŬ 37: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0-0.20m (ɎɝɞɜŬɠ Űɤɜ x) ůŮ 

ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ SARVI (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Inverse. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ 

ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ 0.5 ɏɤɠ 1 Űɖɠ ŭŮɨŰŮɟɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ 

Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ɔɘŬ ɓɎɗɖ Ŭˊɧ 0-0.60m. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.467 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant 

(b0) = 1.506, b1 = -42.693. 
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ȺɘəɧɜŬ 38: ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.20-0.40m (ɎɝɞɜŬɠ Űɤɜ x) 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ REP (ɎɝɞɜŬɠ Űɤɜ y). ɄŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡůɢɏŰɘůɖ 

ɛɏůɞ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ Cubic. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ůɡɛɛŮŰŮɑɢŬɜ ɛɧɜɞ ɞɘ ɛŮŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ Ŭˊɧ 0.5 ɏɤɠ 1 Űɖɠ ŭŮɨŰŮɟɖɠ ȾɨɟɘŬɠ ɆɡɜɘůŰɩůŬɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ɔɘŬ ɓɎɗɖ Ŭˊɧ 0-0.60m. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ŮɑɜŬɘ ɑůɞɠ ɛŮ 0.444 əŬɘ Űɞ p-value ɑůɞ ɛŮ 0. ɄŬɟɎɛŮŰɟɞɘ ɛɞɜŰɏɚɞɡ: Constant 

(b0) = 734.926, b1 = 0.064, b2 = 9.675E-005 əŬɘ b3 = 5.102E-008.  
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4.1.4 ɆɡɜɞɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ŮɝɏŰŬůɖɠ əɎɗŮ ŭɘŬűɞɟŮŰɘəɐɠ 

ˊŮɟɑˊŰɤůɖɠ ůɡɜŭɡŬůɛɞɨ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ əŬɘ ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ůɡɛɛŮŰŮɑɢŬɜ ůŰɞ 

ɛɞɜŰɏɚɞ Űɖɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ŬˊɞŰɏɚŮůŮ ɛɘŬ ɢɟɞɜɞɓɧɟŬ ŭɘŬŭɘəŬůɑŬ ɛŮ ŬɟəŮŰɎ ŬɟɜɖŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŮɚɎɢɘůŰŬ ɗŮŰɘəɎ. Ƀ ŮɜŰɞˊɘůɛɧɠ ɛɘŬ ɘůɢɡɟɐɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮɝŮŰɎɕŮɘ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ŬˊɞŰŮɚŮɑ ɛɘŬ ŭɨůəɞɚɖ ˊɟɞůˊɎɗŮɘŬ ˊɞɡ 

ɞŭɐɔɖůŮ ůŮ ˊɞɚɚɏɠ ŬˊɞŰɡɢɑŮɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ ŮˊɘɓŮɓŬɘɩɜɞɡɜ ɧŰɘ ɞɘ ŭɘɎűɞɟŮɠ 

ŰŮɢɜɘəɏɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ˊɟɞůŭɩůɞɡɜ ŭɘŬűɞɟŮŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ Űɖɜ ɡˊɞ-ɛŮɚɏŰɖ ˊŮɟɘɞɢɐ ɢɤɟɑɠ əŬŰô ŬɜɎɔəɖ ɜŬ ɡˊɎɟɢŮɘ ůɡůɢɏŰɘůɖ 

ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ŬˊɞůˊŬůɛŬŰɘəɎ Ŭˊɧ əɎɗŮ ŰŮɢɜɘəɐ. ȼ 

ŮɟɛɖɜŮɑŬ ŭɖɚŬŭɐ əŬɘ ɖ əŬŰŬɜɧɖůɖ Űɤɜ ɡˊŮŭɎűɘɤɜ ůŰɧɢɤɜ ŬˊɞŰŮɚŮɑ ɏɜŬ puzzle ɧˊɞɡ ɐ 

əɎɗŮ ŰŮɢɜɘəɐ ůɡɜŮɘůűɏɟŮɘ Ŭˊɧ ɛɧɜɖ Űɖɠ (ɐ ɛŮɟɘəɏɠ űɞɟɏɠ əŬɘ ůɡɜŭɡŬůŰɘəɎ) ůŰɖɜ 

əŬŰŬɜɧɖůɖ ɛɏɟɞɡɠ Űɞɡ ůɡɜɧɚɞɡ.  

ɆŰɞɜ ˊɑɜŬəŬ 3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ 

Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ɛŮ Űɖ ɢɟɐůɖ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ 

ˊŬɚɘɜŭɟɧɛɖůɖ. ɆŰɞ ɣɖűɘŬəɧ ɄŬɟɎɟŰɖɛŬ 1 ŮɛˊŮɟɘɏɢŮŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, 

ŬɟɜɖŰɘəɎ əŬɘ ɗŮŰɘəɎ, ɧɚɤɜ Űɤɜ ůɡɜŭɡŬůɛɩɜ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ. 

ɄɑɜŬəŬɠ 3: ɆɡɜɞˊŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɘůɢɡɟɧŰŮɟɤɜ ůɡůɢŮŰɑůŮɤɜ ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ ɛŮŰŬɝɨ 

Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ əŬɘ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ůŰŬ ŭɘɎűɞɟŬ ɓɎɗɖ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ Űɞɡ ɄɑɜŬəŬ 2.  

ȹɘŬɢɤɟɘůɛɧɠ 

ɓɎůɖ: 

ȹɘɎůŰɖɛŬ 

Űɘɛɩɜ 

ȷɟɘɗɛɧɠ 

ɛŮŰɟɐůŮɤɜ 

ȯɝɞɜŬɠ 

X 

ȯɝɞɜŬɠ 

Ɉ 
ɀɞɜŰɏɚɞ R2 

p-

value 

NDVI (0.34, 0.5) 34 D20 REP Cubic 0.43 0.001 

Cropmark (-0.19, -0.1) 59 D60 REP Cubic 0.422 0.000 

Cropmark (-0.19, -0.1) 59 D20 REP Cubic 0.378 0.000 

Vegetation (-2, 6) 85 D20 REP Cubic 0.331 0.000 

Soil (-20, -10) 60 D20 REP Cubic 0.379 0.000 

PCA1 (Cropmark, 

Vegetation, Soil) 

(-3.5, -1) 119 D20 REP Cubic 0.416 0.000 
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PCA2 (Cropmark, 

Vegetation, Soil) 
(-3.8, -1) 108 D20 REP Cubic 0.396 0.000 

PCA3 (Cropmark, 

Vegetation, Soil) 
(-1, -0.5) 116 D20 REP Cubic 0.36 0.000 

PCA3 (Cropmark, 

Vegetation, Soil) 
(0.8, 4.3) 150 D60 

GREEN 

NDVI 
Cubic 0.329 0.000 

PCA3(Cropmark, 

Vegetation, Soil) 
(1, 4.3) 107 D60 

GREEN 

NDVI 
Cubic 0.442 0.000 

PCA3 (Cropmark, 

Vegetation, Soil) 
(1, 4.3) 107 D20 

GREEN 

NDVI 
Cubic 0.41 0.000 

PCA3 (Cropmark, 

Vegetation, Soil) 
(1, 2.6) 101 D60 

GREEN 

NDVI 
Cubic 0.448 0.000 

PCA2 (D20,40,60) (-4, -1) 122 D20 SARVI Cubic 0.408 0.000 

PCA2 (D20,40,60) (-4, -1) 122 D60 SARVI Cubic 0.491 0.000 

PCA2 (D20,40,60) (0.5, 1) 119 D20 SARVI Inverse 0.467 0.000 

PCA2 (D20,40,60) (0.5, 1) 119 D40 REP Cubic 0.444 0.000 
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4.2 ȷˊɞŰŮɚɏůɛŬŰŬ ŰŮɢɜɘəɩɜ ŬɜɎɚɡůɖɠ ŮɘəɧɜŬɠ 

ɀŮ ŰŬ ɛŬɗɖŰɘəɎ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɜŬ ɛɖɜ əŬŰŬɚɐɔɞɡɜ ůŮ əɎˊɞɘŬ ɘəŬɜɞˊɞɘɖŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ůəɞˊɞɨɠ Űɖɠ ɛŮɚɏŰɖɠ, ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ŬəɞɚɞɨɗɖůŮ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ. ɀɘŬ ůŮɘɟɎ Ŭˊɧ ŰŮɢɜɘəɏɠ ŬɜɎɚɡůɖɠ Ůɘəɧɜɤɜ 

ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ˊɎɜɤ ůŮ ŮɘəɧɜŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ůŮ 

ɓɎɗɞɠ Ŭˊɧ 0-0.60m əŬɘ Űɘɠ Űɘɛɏɠ 18 ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ Ŭˊɧ Űɘɠ 

ɛŮŰɟɐůŮɘɠ Űɞɡ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɧˊɤɠ 

ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɨɛŮɜɞɠ, ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮ əɧəəɘɜɞ ˊɞɚɨɔɤɜɞ Űɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ 

19 ɏɢɞɡɜ ŮəŰŮɚŮůŰɐ ɛŮŰɟɐůŮɘɠ ɛŮ GRP əŬɘ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞ. Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ 

ůɖɛŮɑɤɜ ɧˊɞɡ ɏɔɘɜŬɜ ɛŮŰɟɐůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ ŮɑɜŬɘ ɔɜɤůŰɏɠ. ɃˊɧŰŮ, ŮɘůɎɔɞɜŰŬɠ ŰŬ 

ůɖɛŮɑŬ ŬɡŰɎ ɛɏůŬ ůŰɞ ɚɞɔɘůɛɘəɧ ArcMap ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 18 ŭɘŬűɞɟŮŰɘəɏɠ ŮɘəɧɜŮɠ ɔɘŬ 18 ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ (ȺɘəɧɜŬ 39) əŬɗɩɠ 

əŬɘ 3 ŭɘŬűɞɟŮŰɘəɏɠ ŮɘəɧɜŮɠ ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ ˊɟɩŰŬ 

ŰɟɑŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ɓɎɗɞɠ 0-0.20m, 0.20-0.40m əŬɘ 0.40-0.60m 

(ȺɘəɧɜŬ 40). ȷɜɎɚɞɔŬ ɛŮ Űɞ Űɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɖ əɎɗŮ ŮɘəɧɜŬ ɖ Űɘɛɐ Ůɜɧɠ 

ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ Űɘɛɐ Ůɜɧɠ Ŭˊɧ Űɞɡɠ ŭŮɑəŰŮɠ ɓɚɎůŰɖůɖɠ ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖ ɛɏŰɟɖůɖ Űɞɡ űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ ɐ ɛŮ Űɖɜ ɛɏŰɟɖůɖ Űɞɡ GPR ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜɞ ɓɎɗɞɠ ˊɞɡ ɏɔɘɜŮ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ-ŮɘəɞɜɞůŰɞɘɢŮɑɞ. Ƀɘ ŮɘəɧɜŮɠ əŬɘ 

ɞɘ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ŬɜɎɚɡůɖɠ ŭŮɜ ɓɞɐɗɖůŬɜ ůŰɞɜ ŮɜŰɞˊɘůɛɧ əɎˊɞɘŬɠ ůɡůɢɏŰɘůɖɠ 

ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɄŬɟɧɚŬ ŬɡŰɎ ɧɛɤɠ, ɛŮ Űɖɜ ɞˊŰɘəɐ ŮɟɛɖɜŮɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ˊŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰŬ ŭɨɞ ůŮŰ ŭŮŭɞɛɏɜɤɜ ŮɜŰɞˊɑɕɞɜŰŬɠ Űɘɠ ɑŭɘŮɠ 

ŬɜɤɛŬɚɑŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɓɞɖɗɩɜŰŬɠ ɏŰůɘ ůŰɖɜ ˊŮɟŬɘŰɏɟɤ əŬŰŬɜɧɖůɖ Űɞɡɠ.
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ȺɘəɧɜŬ 39: ɇŬ 18 əŬɜɎɚɘŬ Űɖɠ ŮɘəɧɜŬɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. HIGH: ɛɏɔɘůŰɖ Űɘɛɐ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ, LOW: ŮɚɎɢɘůŰɖ Űɘɛɐ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ. 
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ȺɘəɧɜŬ 40: ȺɘəɧɜŮɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ɔɘŬ ɓɎɗɖ 0-0.60m əŬɘ ůɡɜŭɡŬůɛɞɑ ɏɔɢɟɤɛɤɜ ůɡɜɗɏŰɤɜ Űɞɡɠ.
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4.2.1 ȰɔɢɟɤɛŬ ɆɨɜɗŮŰŬ (RGB Composites) 

ȼ ˊɟɩŰɖ ŰŮɢɜɘəɐ ŬɜɎɚɡůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ 

Űɤɜ Ůɘəɧɜɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əŬɘ Űɞɜ əŬɚɨŰŮɟɞ ŮɜŰɞˊɘůɛɧ Űɡɢɧɜ ŬɜɤɛŬɚɘɩɜ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɐŰŬɜ ŰŬ ɏɔɢɟɤɛŬ ůɨɜɗŮŰŬ. ɆɡɜɞɚɘəɎ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 60 ŭɘŬűɞɟŮŰɘəɎ ɏɔɢɟɤɛŬ ůɨɜɗŮŰŬ ɛŮ ŭɘɎűɞɟɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ 18 

Ůɘəɧɜɤɜ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ əŬɘ Űɤɜ 3 Ůɘəɧɜɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR. ȼ ŮəŰɏɚŮůɖ 

Űɞɡɠ ɏɔɘɜŮ ɛɏůŬ ůŰɞ ɚɞɔɘůɛɘəɧ ArcMap əŬɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮŰŬɝɨ 

Űɞɡɠ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ (R-G-B). Ⱥˊɑůɖɠ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŮɟɛɖɜŮɑŬ əŬɘ 

ŮˊŬɜŬůɨůŰŬůɖ Űɤɜ Ůɘəɧɜɤɜ ŮűŬɟɛɧůŰɖəŮ ůŰŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ Űɞɡɠ ɖ əɡɓɘəɐ ˊŬɟŮɛɓɞɚɐ. 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɖɛɘɞɡɟɔɑŬ Űɞɡɠ ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɧɚŮɠ ɞɘ 

ŮɘəɧɜŮɠ ɏůŰɤ əŬɘ ɛɑŬ űɞɟɎ, ɏŰůɘ ɩůŰŮ ɜŬ ɛˊɞɟɏůɞɡɜ ɜŬ ŮɝŮŰŬůŰɞɨɜ əŬɘ ɜŬ ůɡɔəɟɘɗɞɨɜ 

ɧɚŮɠ ɛŮŰŬɝɨ Űɞɡɠ. Ⱥə ˊɟɩŰɖɠ ɧɣŮɤɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜɞɜŰŬɘ ůɢŮŭɧɜ ɑŭɘŬ ůŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ əŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɘɠ Ŭɟɢɘəɏɠ ŮɘəɧɜŮɠ. ȼ ŬɜɤɛŬɚɑŬ ˊɞɡ ŮɜŰɞˊɑůŰɖəŮ ůŰɘɠ 

Ŭɟɢɘəɏɠ ŮɘəɧɜŮɠ űŬɑɜŮŰŬɘ ɜŬ ŰɞɜɑɕŮŰŬɘ ɢɤɟɑɠ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əɎˊɞɘŮɠ ɜɏŮɠ. ɆŰɘɠ 

ŮɘəɧɜŮɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ (ȺɘəɧɜŬ 41 ɏɤɠ 52) ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŮɘəɧɜŮɠ ɧɚɤɜ Űɤɜ 

ɏɔɢɟɤɛɤɜ ůɡɜɗɏŰɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ. 

 

 

 

 

 

 

 

 

 



68 

 

ȺɘəɧɜŬ 41: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 1-5 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 

 

ȺɘəɧɜŬ 42: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 6-10 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 
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ȺɘəɧɜŬ 43: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 11-15 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 

 

ȺɘəɧɜŬ 44: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 16-20 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 
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ȺɘəɧɜŬ 45: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 21-25 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 

 

ȺɘəɧɜŬ 46: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 26-30 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 
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ȺɘəɧɜŬ 47: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 31-35 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ əŬɘ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ɔɘŬ ɓɎɗɞɠ 0-0.20m. 

 

ȺɘəɧɜŬ 48: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 36-40 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ əŬɘ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ɔɘŬ ɓɎɗɞɠ 0-0.20m. 



72 

 

ȺɘəɧɜŬ 49: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 41-45 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ əŬɘ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ɔɘŬ ɓɎɗɞɠ 0.20-0.40m. 

 

ȺɘəɧɜŬ 50: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 46-50 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ əŬɘ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ɔɘŬ ɓɎɗɞɠ 0.20-0.40m. 
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ȺɘəɧɜŬ 51: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 51-55 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ əŬɘ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ɔɘŬ ɓɎɗɞɠ 0.40-0.60m. 

 

ȺɘəɧɜŬ 52: ȰɔɢɟɤɛŬ ůɨɜɗŮŰŬ 56-60 ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ əŬɘ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ɔɘŬ ɓɎɗɞɠ 0.40-0.60m.
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4.2.2 ɀɖ ŮˊɘɓɚŮˊɧɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ 

ȼ ŭŮɨŰŮɟɖ ŰŮɢɜɘəɐ ŬɜɎɚɡůɖɠ Ůɘəɧɜɤɜ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ ˊɎɜɤ ůŰɘɠ 18 ŮɘəɧɜŮɠ Űɤɜ 

ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ɐŰŬɜ ɖ ŰŬɝɘɜɧɛɖůɖ, ŮˊɘɓɚŮˊɧɛŮɜɖ əŬɘ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖ. ȷɟɢɘəɎ 

ŮűŬɟɛɧůŰɖəŮ ɖ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ ɖ ɞˊɞɑŬ ɞɛŬŭɞˊɞɘŮɑ ŰŬ ŭŮŭɞɛɏɜŬ ɓɎůɖ 

ůŰŬŰɘůŰɘəɩɜ ɛɧɜɞ ɢɤɟɑɠ ɜŬ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɗɏůɞɡɛŮ ˊŮɟɘɞɢɏɠ ŮəˊŬɑŭŮɡůɖɠ. ȺűŬɟɛɧůŰɖəŮ 

ɝŮɢɤɟɘůŰɎ ůŮ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ 18 ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ŬɚɚɎ əŬɘ ůŰɖɜ 

çɔŮɜɘəɐè ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ (ɧɚŮɠ ɞɘ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ɛŬɕɑ). ȼ 

ŮűŬɟɛɞɔɐ Űɖɠ ɏɔɘɜŮ ɛɏůɞ Űɞɡ ɚɞɔɘůɛɘəɞɨ ENVI Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

ISODATA ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ ɛɘŬɠ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ (ISODATA unsupervised 

classification). ɆɨɛűɤɜŬ ɛŮ Űɞ ůɡɔəŮəɟɘɛɏɜɞ Ŭɚɔɧɟɘɗɛɞ, ŬɟɢɘəɎ ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ 

əɏɜŰɟŬ Űɤɜ əɚɎůŮɤɜ ˊɞɡ əŬŰŬɜɏɛɞɜŰŬɘ ɞɛɞɘɧɛɞɟűŬ ůŰɞ ɢɩɟɞ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɛŮ ɛɘŬ 

ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɞɛŬŭɞˊɞɘɐɗɖəŬɜ ŰŬ ɡˊɧɚɞɘˊŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŮɢɜɘəɏɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ŮɚɎɢɘůŰɖ ŬˊɧůŰŬůɖ. ɆŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ 

ŰŬ əɏɜŰɟŬ Űɤɜ əɚɎůŮɤɜ ɡˊɞɚɞɔɑɕɞɜŰŬɜ ɝŬɜɎ ŬɜŬɔəɎɕɞɜŰŬɠ ɏŰůɘ ŰŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ ɜŬ 

ɞɛŬŭɞˊɞɘɖɗɞɨɜ ɝŬɜɎ ɓɎůɖ Űɤɜ ɜɏɤɜ ŬɡŰɩɜ əɏɜŰɟɤɜ. ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮˊŬɜɎɚɖɣɖɠ 

ůɡɜŮɢɑůŰɖəŮ ɛɏɢɟɘ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ŰŬ ɓɏɚŰɘůŰŬ əɏɜŰɟŬ. ɆŰɘɠ ŮɘəɧɜŮɠ ŮűŬɟɛɧůŰɖəŬɜ 

ˊɞɚɚɏɠ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ ɛŮ ŭɘŬűɞɟŮŰɘəɧ Ŭɟɘɗɛɧ əɚɎůŮɤɜ əɎɗŮ űɞɟɎ. ɆŰɘɠ 

ŮɘəɧɜŮɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ (ȺɘəɧɜŬ 53 ɏɤɠ 56) ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ Ŭ́ ɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ISODATA. 

 

 

 

 

 

 

 

 



75 

 

ȺɘəɧɜŬ 53: ȷˊɞŰɏɚŮůɛŬ Űɖɠ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɛŮ 6 əɚɎůŮɘɠ ůŰɘɠ 18 ŮɘəɧɜŮɠ Űɤɜ 

ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 

ȺɘəɧɜŬ 54: ȷˊɞŰɏɚŮůɛŬ Űɖɠ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɛŮ 10 əɚɎůŮɘɠ ůŰɘɠ 18 ŮɘəɧɜŮɠ Űɤɜ 

ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 
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ȺɘəɧɜŬ 55: ȷˊɞŰŮɚɏůɛŬŰŬ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ (2, 3, 4, 5 əŬɘ 6 əɚɎůŮɘɠ) ůŰɖɜ 

ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 

ȺɘəɧɜŬ 56: ȷˊɞŰŮɚɏůɛŬŰŬ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ (8, 10, 15, 20 əŬɘ 25 əɚɎůŮɘɠ) ůŰɖɜ 

ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. 
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4.2.3 ȺˊɘɓɚŮˊɧɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ 

ȷəɞɚɞɨɗɤɠ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ, ůŰɖɜ ŮɘəɧɜŬ Űɤɜ 

18 əŬɜŬɚɘɩɜ ŮűŬɟɛɧůŰɖəŬɜ ŮˊɘɓɚŮˊɧɛŮɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ.  ɀŮ Űɖ ɓɞɐɗŮɘŬ ˊɎɚɘ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ ENVI ŮəŰŮɚɏůŰɖəŬɜ ůɡɜɞɚɘəɎ ŮɜɜɏŬ ŭɘŬűɞɟŮŰɘəɏɠ ŮˊɘɓɚŮˊɧɛŮɜŮɠ 

ŰŬɝɘɜɞɛɐůŮɘɠ ɛŮ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭɟɘɗɛɩɜ əɚɎůŮɤɜ əŬɘ ŰɟŮɘɠ 

ŭɘŬűɞɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ Ŭɟɘɗɛɞɨ əɚɎůŮɤɜ. Ƀɘ 

Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ ɞ Maximum Likelihood, ɞ Minimum Distance 

əŬɘ ɞ Spectral Angle Mapper. Ƀ Ŭɚɔɧɟɘɗɛɞɠ Maximum Likelihood ɡˊɞɗɏŰŮɘ ɧŰɘ ŰŬ 

ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ əɎɗŮ əɚɎůɖɠ ůŮ əɎɗŮ əŬɜɎɚɘ əŬŰŬɜɏɛɞɜŰŬɘ əŬɜɞɜɘəɎ. Ɉ́ ɞɚɞɔɑɕŮɘ 

Űɖɜ ˊɘɗŬɜɧŰɖŰŬ əɎɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ ɜŬ ŬɜɐəŮɘ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ əɚɎůɖ əŬɘ 

ŬɜŰɘůŰɞɘɢŮɑ əɎɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞ ůŰɖɜ əɚɎůɖ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ. Ƀ ŭŮɨŰŮɟɞɠ 

Ŭɚɔɧɟɘɗɛɞɠ, ɞ Minimum Distance, ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ ɛɏůŬ ŭɘŬɜɨůɛŬŰŬ əɎɗŮ əɚɎůɖɠ ɔɘŬ 

ɜŬ ɡˊɞɚɞɔɑůŮɘ Űɖɜ ȺɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ Űɞɡɠ Ŭˊɧ əɎɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ 

ŰŬɝɘɜɞɛŮɑ Űɞ əɎɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞ ůŰɖɜ ˊɚɖůɘɏůŰŮɟɖ Űɞɡ əɚɎůɖ. ɇɏɚɞɠ ɞ ŰɟɑŰɞɠ 

Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, ɞ Spectral Angle Mapper, ɡˊɞɚɞɔɑɕŮɘ Űɖɜ űŬůɛŬŰɘəɐ 

ɞɛɞɘɧŰɖŰŬ ɛŮŰŬɝɨ ŭɨɞ űŬůɛɎŰɤɜ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɖ ɛŮŰŬɝɨ Űɞɡɠ ɔɤɜɘɎ əŬɘ 

ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɠ ŰŬ ɤɠ ŭɘŬɜɨůɛŬŰŬ ɛɏůŬ ůŮ ɏɜŬ ɢɩɟɞ ɑůɞ ŭɘŬůŰɎůŮɤɜ ɛŮ Űɞɜ Ŭɟɘɗɛɧ 

Űɤɜ əŬɜŬɚɘɩɜ Űɖɠ ŮɘəɧɜŬɠ ůŰɖɜ ɞˊɞɑŬ ŮűŬɟɛɧɕŮŰŬɘ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ůɡɔəɟɑɜŮɘ Űɖ ɔɤɜɘɎ 

ɛŮŰŬɝɨ Űɤɜ ɛɏůɤɜ ŭɘŬɜɡůɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ɛŮ ŰŬ ŭɘŬɜɨůɛŬŰŬ Űɞɡ əɎɗŮ 

ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ ɛɏůŬ ůŰɞ ˊɞɚɡŭɘɎůŰŬŰɞ ɢɩɟɞ əŬɘ ŰŬɝɘɜɞɛŮɑ ŰŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ ůŰɖɜ 

əɚɎůɖ ɛŮ Űɖɜ ɛɘəɟɧŰŮɟɖ ɔɤɜɘɎ. ɆŰɘɠ ŮɘəɧɜŮɠ 57 əŬɘ 58 űŬɑɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ŮűŬɟɛɞɔɐɠ Űɖɠ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ əŬɗɩɠ əŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ŮəˊŬɑŭŮɡůɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ əɎɗŮ əɚɎůɖ. 
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ȺɘəɧɜŬ 57: ȷˊɞŰŮɚɏůɛŬŰŬ ŮˊɘɓɚŮˊɧɛŮɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ Űɤɜ 

ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ɛŮ 3 ŭɘŬűɞɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ. 

ȺɘəɧɜŬ 58: ȷˊɞŰŮɚɏůɛŬŰŬ ŮˊɘɓɚŮˊɧɛŮɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ Űɤɜ 

ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ɛŮ 3 ŭɘŬűɞɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ əŬɘ ˊŮɟɘɞɢɏɠ ŮəˊŬɑŭŮɡůɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ əɎɗŮ əɚɎůɖ.
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4.2.4 Support Vector Machine Classification 

ɇŬ ŰŮɚŮɡŰŬɑɞ Ůɑŭɞɠ ŰŬɝɘɜɞɛɐůŮɤɜ ́ ɞɡ ŮűŬɟɛɧůŰɖəŮ ůŰɖɜ ŮɘəɧɜŬ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ 

ɐŰŬɜ ŮˊɘɓɚŮˊɧɛŮɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ SVMs. Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŰŬɝɘɜɞɛɐůŮɘɠ ɏɔɘɜŬɜ Ůˊɑůɖɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ ENVI. ȺəŰŮɚɏůŰɖəŬɜ 

ůɡɜɞɚɘəɎ ŭɩŭŮəŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰŬɝɘɜɞɛɐůŮɘɠ ɛŮ ŰɟŮɑɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭɟɘɗɛɩɜ 

əɚɎůŮɤɜ əŬɘ ŰɏůůŮɟɘɠ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ Kernel ůŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ Ŭɟɘɗɛɞɨ əɚɎůŮɤɜ. ɇŬ ɛɞɜŰɏɚŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ Űɞ Linear, Űɞ 

Polynomial, Űɞ Radial Basis Function əŬɘ Űɞ Sigmoid. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ Ŭ́ ɞŰŮɚɞɨɜ 

ŭɘŬűɞɟŮŰɘəɞɑ ɛŬɗɖɛŬŰɘəɞɑ Űɟɧˊɞɘ ˊŬɟɞɡůɑŬůɖɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ Kernel ɖ ɧˊɞɘŬ 

ˊɟɞůŭɑŭŮɘ Űɞ ɓɎɟɞɠ ůŰŬ əɞɜŰɘɜɎ ůɖɛŮɑŬ ŭŮŭɞɛɏɜɤɜ əŬŰɎ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ əɚɎůŮɤɜ. Ƀɘ 

ŮɝɘůɩůŮɘɠ Űɤɜ ŰŮůůɎɟɤɜ ŬɡŰɩɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

Linear:   K(x i,xj) = xi
Txj     (1) 

Polynomial:  K(x i,xj) = (gxi
Txj + r)d, g > 0   (2) 

RBF:   K(x i,xj) = exp(-g||xi - xj||2), g > 0  (3) 

Sigmoid:  K(x i,xj) = tanh(gxi
Txj + r)   (4) 

ȳˊɞɡ: g ŮɑɜŬɘ ɞ ɧɟɞɠ ɔɎɛɛŬ (gamma term) Űɖɠ ůɡɜɎɟŰɖůɖɠ Kernel ůŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŮəŰɧɠ Űɞɡ Linear, d ŮɑɜŬɘ ɞ ɧɟɞɠ Űɞɡ ɓŬɗɛɞɨ Űɞɡ ˊɞɚɡɤɜɨɛɞɡ Űɖɠ 

ůɡɜɎɟŰɖůɖɠ Kernel ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ Polynomial Kernel əŬɘ r ŮɑɜŬɘ ɖ ɛŮɟɞɚɖɣɑŬ (bias 

term) Űɖɠ ůɡɜɎɟŰɖůɖɠ Kernel ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞɡ Polynomial əŬɘ Sigmoid Kernels. 

ɆŰɘɠ ŮɘəɧɜŮɠ 59, 60 əŬɘ 61 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɤɜ SVMs əŬɗɩɠ əŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ŮəˊŬɑŭŮɡůɖɠ (ROIs: regions of interest) ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ əɎɗŮ əɚɎůɖ. 
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ȺɘəɧɜŬ 59: ȷˊɞŰŮɚɏůɛŬŰŬ ŰŬɝɘɜɞɛɐůŮɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ SVMs ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ 

Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ɛŮ 4 ŭɘŬűɞɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ. 

 

ȺɘəɧɜŬ 60: ȷˊɞŰŮɚɏůɛŬŰŬ ŰŬɝɘɜɞɛɐůŮɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ SVMs ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ 

Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ɛŮ 4 ŭɘŬűɞɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ. 
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ȺɘəɧɜŬ 61: ȷˊɞŰŮɚɏůɛŬŰŬ ŰŬɝɘɜɞɛɐůŮɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ SVMs ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ 

Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ ɛŮ 4 ŭɘŬűɞɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ əŬɘ ˊŮɟɘɞɢɏɠ ŮəˊŬɑŭŮɡůɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ əɎɗŮ əɚɎůɖ. 

4.2.5 RX Anomaly Detection 

ɆŰɘɠ ŮɘəɧɜŮɠ 62, 63 əŬɘ 64 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ RXD əŬɘ UTD ɛŮ ŭɘɎűɞɟɞɡɠ ůɡɜŭɡŬůɛɞɨɠ ˊɎɜɤ ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 

əŬɜɎɚɘŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛŮ Űɘɠ ŮɘəɧɜŮɠ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ 

ŮəŰŮɚɏůŰɖəŬɜ 15 ŭɘŬűɞɟŮŰɘəɞɑ ůɡɜŭɡŬůɛɞɑ ŮűŬɟɛɧɕɞɜŰŬɠ Űɞɡɠ ŰɟŮɑɠ Ŭɚɔɧɟɘɗɛɞɡɠ RXD, 

UTD əŬɘ RXD-UTD ůŮ əŬɗɞɚɘəɧ ŮˊɑˊŮŭɞ əŬɘ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ ɛŮ local Kernel size 3, 

5, 9 əŬɘ 25. Ƀ Ŭɚɔɧɟɘɗɛɞɠ Uniform Target Detector (UTD) ŭɞɡɚŮɨŮɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ RXD ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ ŬɜŰɑ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ŭŮɑɔɛŬ ŭɘŬɜɨůɛŬŰɞɠ Ŭˊɧ ŰŬ 

ŭŮŭɞɛɏɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ ɛɞɜŬŭɘŬɑɞ ŭɘɎɜɡůɛŬ Ůɜɩ ɞ RXD-UTD ŬˊɞŰŮɚŮɑ ɛɘŬ ɡɓɟɘŭɘəɐ 

ɛɏɗɞŭɞɠ Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ ɛŮɗɧŭɤɜ RXD əŬɘ UTD.
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ȺɘəɧɜŬ 62: ȷˊɞŰŮɚɏůɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ RXD ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 

əŬɜɎɚɘŬ Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖůɖɠ 

ȺɘəɧɜŬ 63: ȷˊɞŰŮɚɏůɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ UTD ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ Űɤɜ 

ŭŮɘəŰɩɜ ɓɚɎůŰɖɠ. 
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ȺɘəɧɜŬ 64: ȷˊɞŰŮɚɏůɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ RXD-UTD ůŰɖɜ ŮɘəɧɜŬ ɛŮ ŰŬ 18 əŬɜɎɚɘŬ 

Űɤɜ ŭŮɘəŰɩɜ ɓɚɎůŰɖɠ. 

4.3 ȷˊɞŰŮɚɏůɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ ůŰɖɜ ˊɞɚɡűŬůɛŬŰɘəɐ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ GeoEye 

ɇɞ ŰŮɚɘəɧ ůŰɎŭɘɞ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɐŰŬɜ ɖ ŬˊŮɘəɧɜɘůɖ ɛŮɟɘəɩɜ Ŭˊɧ ŰŬ 

əŬɚɨŰŮɟŬ ɛɞɜŰɏɚŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ˊɟɞůˊɎɗŮɘŬɠ ůɡůɢɏŰɘůɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ GPR ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ 

űŬůɛŬŰɞɟŬŭɘɧɛŮŰɟɞɡ, ɛɏůŬ Ŭˊɧ ŭɘɎűɞɟŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ, ˊɎɜɤ ůŰɖɜ 

ˊɞɚɡűŬůɛŬŰɘəɐ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ GeoEye ˊɞɡ əŬɚɨˊŰŮɘ Űɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. ȼ 

ɛŮɚɏŰɖ ŬůɢɞɚɐɗɖəŮ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ Űɞ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ SARVI (Soil and 

Atmospherically Resistant Vegetation Index) ɞ ɞˊɞɑɞɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ŰŮɚɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɑŬůŮ ŰŬ ɛɞɜŰɏɚŬ ɛŮ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ 

ˊɟɞůŭɘɞɟɘůɛɞɨ R2. ȷɟɢɘəɎ ŬˊŮɘəɞɜɑůŰɖəŮ ɞ ŭŮɑəŰɖɠ SARVI ˊɎɜɤ ůŰɖɜ ŭɞɟɡűɞɟɘəɐ 

ŮɘəɧɜŬ GeoEye ŮűŬɟɛɧɕɞɜŰŬɠ Űɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ ůŰɘɠ Űɘɛɏɠ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ 

Űɖɠ (Agapiou, 2012): 

SARVI = (1+0.5) (pNIR - prb)/( pNIR + prb +0.5)  (1) 

prb = pred ï ɔ (pblue ï pred)     (2) 

ɧˊɞɡ ɞ ůɡɜŰŮɚŮůŰɐɠ ɔ = 0.5 
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ȷəɞɚɞɨɗɤɠ ŮɜŰɞˊɑůŰɖəŬɜ ŰŬ ɓɏɚŰɘůŰŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ůɡɜŭɏɞɡɜ Űɞ ŭŮɑəŰɖ 

SARVI ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɓɎɗɞɠ Ŭˊɧ 0-0.60m. 

ȿŮˊŰɞɛŮɟɏůŰŮɟŬ, ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɓɎɗɞɠ 0-0.20m Űɞ ɔɟŬɛɛɘəɧ 

ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ɏŭɤůŮ Űɘɛɐ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ɑůɖ ɛŮ 0.353 ůŮ ůɢɏůɖ 

ɛŮ 121 ɛŮŰɟɐůŮɘɠ Ŭˊɧ Űɘɠ ůɡɜɞɚɘəɎ 769 ˊɞɡ ůɡɚɚɏɔɖəŬɜ ɛŮ Űɞ GPR. Ƀɘ 121 ŬɡŰɏɠ 

ɛŮŰɟɐůŮɘɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ -4 ɏɤɠ -1 Űɖɠ ŭŮɨŰŮɟɖɠ əɨɟɘŬɠ ůɡɜɘůŰɩůŬɠ ˊɞɡ 

ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ PCT ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ůŰŬ ˊɟɩŰŬ ŰɟɑŬ ůŰɟɩɛŬŰŬ 

Űɞɡ ɡˊŮŭɎűɞɡɠ (ɓɎɗɞɠ 0-0.60m). ȷɜŰɑůŰɞɘɢŬ ɔɘŬ Űɘɠ ɑŭɘŮɠ 121 ɛŮŰɟɐůŮɘɠ, ɞɘ Űɘɛɏɠ Űɞɡɠ ɞɘ 

ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.20-0.40m ˊŬɟɞɡůɑŬůŬɜ ɛŮ Űɞ 

ɔɟŬɛɛɘəɧ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ɏɜŬ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ R2 ɑůɞ ɛŮ 0.343 Ůɜɩ ɔɘŬ 

Űɘɠ Űɘɛɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ůŮ ɓɎɗɞɠ 0.40-0.60m ɑůɞ ɛŮ 0.434. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŮɝɘůɩůŮɘɠ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ ɔɟŬɛɛɘəɩɜ ɛɞɜŰɏɚɤɜ: 

ɇɞɛɐ 1 (0-0.20m): Y = 1.550 + (1.409E-005 * X)              (1) 

ɇɞɛɐ 2 (0.20-0.40m): Y = 1.483 + (-3.351E-005 * X)               (2) 

ɇɞɛɐ 3 (0.40-0.60m): Y = 1.510 + (3.858E-005 * X)               (3) 

ɧ́ ɞɡ Y ɞɘ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ SARVI əŬɘ X ɞɘ Űɘɛɏɠ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɛŮŰɟɐůŮɤɜ 

Űɞɡ GPR ůŰŬ ŬɜŰɑůŰɞɘɢŬ ɓɎɗɖ. 

ũɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ ɛɞɜŰɏɚɤɜ ůŰɖɜ ŮɘəɧɜŬ GeoEye ɏˊɟŮˊŮ ˊɟɩŰŬ ɞɘ 

ŮɝɘůɩůŮɘɠ ɜŬ ɚɡɗɞɨɜ ɤɠ ˊɟɞɠ ɉ əŬɘ Ŭəɞɚɞɨɗɤɠ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ůŰɖɜ ŮɘəɧɜŬ Űɞɡ ŭŮɑəŰɖ 

SARVI ɗɏŰɞɜŰŬɠ ɤɠ Y Űɘɠ Űɘɛɏɠ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ Űɖɠ. ɄŬɟɧɚɞ ˊɞɡ ɡˊɐɟɢŬɜ ˊɞɚɨ 

əŬɚɨŰŮɟŬ ɛɞɜŰɏɚŬ, ɚɧɔɞ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ ŮɝɘůɩůŮɤɜ Űɞɡɠ ŭŮɜ ɛˊɧɟŮůŬɜ ɜŬ 

ŮűŬɟɛɞůŰɞɨɜ ůŰɖɜ ŮɘəɧɜŬ Űɞɡ SARVI ɐ ɏŭɘɜŬɜ ˊɞɚɨ ŬɟɜɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ (ɛŬɨɟŮɠ 

ŮɘəɧɜŮɠ). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŮˊɘɚɏɔɖəŮ ɏɜŬ Ŭˊɚɧ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ 

ɧˊɤɠ Űɞ ɔɟŬɛɛɘəɧ (Linear). ɇŬ ɛɞɜŰɏɚŬ ŮűŬɟɛɧůŰɖəŬɜ ɝŮɢɤɟɘůŰɎ ůŰɖɜ ŮɘəɧɜŬ Űɞɡ 

SARVI ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ŰɟŮɑɠ ɜɏŮɠ ŮɘəɧɜŮɠ ɞɘ ɞˊɞɑŮɠ ůŰɖɜ ůɡɜɏɢŮɘŬ ŮɜɩɗɖəŬɜ ůŮ ɛɘŬ 

ɜɏŬ ŮɘəɧɜŬ ɛŮ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ əŬɜɎɚɘŬ. ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ɏɔɘɜŮ ɛɏůɞ Űɤɜ ɚɞɔɘůɛɘəɩɜ 

ENVI əŬɘ ArcMap. ɆŰɘɠ ŮɘəɧɜŮɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ Ŭ́ɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ Ŭɚɔɧɟɘɗɛɤɜ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɨɛŮɜɞɠ ůŰɖɜ 

ŮɘəɧɜŬ Űɞɡ ŭŮɑəŰɖ ɓɚɎůŰɖůɖɠ SARVI əŬɘ Űɞ ɏɔɢɟɤɛɞ ůɨɜɗŮŰɞ (RGB) Űɖɠ ŮɘəɧɜŬɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɖɜ ɏɜɤůɖ Űɤɜ Űɟɘɩɜ Ůɘəɧɜɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ ůŮ ɛɘŬ ɜɏŬ ŮɘəɧɜŬ. 

(ȺɘəɧɜŮɠ 65, 66 əŬɘ 67) 
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ȺɘəɧɜŬ 65: ɄɞɚɡűŬůɛŬŰɘəɐ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ GeoEye ɛŮ ŬɜɎɚɡůɖ 50cm ɖ ɞˊɞɑŬ əŬɚɨˊŰŮɘ Űɖɜ 

ˊŮɟɘɞɢɐ V®szto-M§gor Tell. (Ŭ) Ȱɔɢɟɤɛɞ ůɨɜɗŮŰɞ RGB, (ɓ) ŭŮɑəŰɖɠ SARVI, (ɔ-Ů) ŬˊɞŰŮɚɏůɛŬŰŬ 

ŮűŬɟɛɞɔɐɠ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ ˊŬɚɘɜŭɟɧɛɖůɖɠ ůŰɘɠ Űɘɛɏɠ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ Űɖɠ 

ŮɘəɧɜŬɠ Űɞɡ ŭŮɑəŰɖ SARVI ŰŬ ɞˊɞɑŬ Űɞɜ ůɡůɢŮŰɑɕɞɡɜ ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ GPR ůŮ ɓɎɗɖ 0-20m, 

0.20-0.40m əŬɘ 0.40-0.60m ŬɜŰɑůŰɞɘɢŬ.  




















