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ɀŮ ŮˊɘűɨɚŬɝɖ ˊŬɜŰɧɠ ŭɘəŬɘɩɛŬŰɞɠ.  

ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Ůɝô ɞɚɞəɚɐɟɞɡ 

ɐ ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ɔɘŬ Ůɛˊɞɟɘəɧ ůəɞˊɧ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ 

ɔɘŬ ůəɞˊɧ ɛɖ əŮɟŭɞůəɞˊɘəɧ, ŮəˊŬɘŭŮɡŰɘəɐɠ ɐ ŮɟŮɡɜɖŰɘəɐɠ űɨůɖɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ 

ŬɜŬűɏɟŮŰŬɘ ɖ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ ˊŬɟɧɜ ɛɐɜɡɛŬ. ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ 

Űɖ ɢɟɐůɖ ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞ ůɡɔɔɟŬűɏŬ. Ƀɘ 

ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ɏɔɔɟŬűɞ ŮəűɟɎɕɞɡɜ Űɞ ůɡɔɔɟŬűɏŬ 

əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɟɛɖɜŮɡɗŮɑ ɧŰɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɘɠ ŮˊɑůɖɛŮɠ ɗɏůŮɘɠ Űɞɡ Ⱥɗɜɘəɞɨ 

ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ.



v 

 

ȺɡɢŬɟɘůŰɑŮɠ 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ ȾŬɗɖɔɖŰɐ ə. ȾɤɜůŰŬɜŰɑɜɞ 

ȾŬɟɎɜŰɕŬɚɞ ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŮ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ Ŭůɢɞɚɖɗɩ ɛŮ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɗɏɛŬ, əŬɗɩɠ 

ɡˊŮɘůɏɟɢŮŰŬɘ ŮɜŰɧɠ Űɞɡ ŰɞɛɏŬ ŮɜŬůɢɧɚɖůɖɠ əŬɘ ŮɜŭɘŬűɏɟɞɜŰɧɠ ɛɞɡ. ȽŭɘŬɑŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ Űɞɡ 

ɞűŮɑɚɤ Űɧůɞ ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɏŭŮɘɝŮ ůŰɞ ɧɚɞ ŮɔɢŮɑɟɖɛŬ ɧůɞ əŬɘ ɔɘŬ Űɖ ŭɘɎɗŮůɖ Űɤɜ 

ŬɘůɗɖŰɐɟɤɜ ɇɖɚŮˊɘůəɧˊɖůɖɠ ɔɘŬ Űɞ ˊŮɘɟŬɛŬŰɘəɧ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ Ɏɣɞɔɖ 

ůɡɜŮɟɔŬůɑŬ ˊɞɡ ɏɢɞɡɛŮ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ.  

ɇŬɡŰɧɢɟɞɜŬ, ŮɡɢŬɟɘůŰɑŮɠ ɞűŮɑɚɤ ůŰɖɜ ŮŰŬɘɟŮɑŬ UCANDRONE ȽȾȺ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɞɜ űɑɚɞ 

əŬɘ ůɡɜŮɟɔɎŰɖ ə. ȹɖɛɐŰɟɖ ɆŰŮűŬɜɎəɖ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ əŬɘ Űɖ ŭɘɎɗŮůɖ Űɖɠ ˊɚŬŰűɧɟɛŬɠ 

UAS ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɤɜ ˊŰɐůŮɤɜ ɢŬɟŰɞɔɟɎűɖůɖɠ.  

ȳɚɞ Űɞ ŮɔɢŮɑɟɖɛŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

ɢɤɟɑɠ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɤɜ ŭɘŭŬəŰɞɟɘəɩɜ űɞɘŰɖŰɩɜ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ, ə. ȻŬɢŬɟɑŬ 

ȾŬɜŭɡɚɎəɖ əŬɘ əŬɠ ɉɟɘůŰɑɜŬ ȾŬɟŬəɑɕɖ.  

ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ, Űɞ ŮɟɔŬůŰɐɟɘɞ ɇɖɚŮˊɘůəɧˊɖůɖɠ Űɖɠ ůɢɞɚɐɠ ȷɇɀ Űɞɡ ȺɀɄ əŬɘ ɘŭɘŬɑŰŮɟŬ 

Űɞɡɠ əŬɗɖɔɖŰɏɠ ə. ȹɖɛɐŰɟɘɞ ȷɟɔɘŬɚɎ əŬɘ əŬ ȸŬůɘɚŮɑŬ ȾŬɟŬɗŬɜɎůɖ ɔɘŬ Űɖ ůɡɛɛŮŰɞɢɐ ůŰɖɜ 

ŰɟɘɛŮɚɐ ŮˊɘŰɟɞˊɐ ŮɝɏŰŬůɖɠ, əŬɗɩɠ əŬɘ Űɖɠ ŭɘɎɗŮůɖɠ ˊɞɚɨŰɘɛɤɜ ůɡɛɓɞɡɚɩɜ əŬɘ ˊŬɟŬŰɖɟɐůŮɤɜ 

ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ əŬɘ ŮɛɓɎɗɡɜůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɖɜ ɞɘəɞɔɏɜŮɘŬ əŬɘ Űɞɡɠ űɑɚɞɡɠ ɛɞɡ ɔɘŬ Űɖ ůŰɐɟɘɝɖ əŬɘ 

ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ɏɢɞɡɜ ˊɟɞůűɏɟŮɘ ŬˊɚɧɢŮɟŬ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ.  
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ɄŮɟɑɚɖɣɖ 

ȼ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ ŮɑɢŮ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖ ůɡɚɚɞɔɐ ɇɖɚŮˊɘůəɞˊɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ˊɞɚɚŬˊɚɞɨɠ ŬɘůɗɖŰɐɟŮɠ, ŮɡŬɑůɗɖŰɞɡɠ ůŮ ŭɘɎűɞɟŬ ɛɐəɖ əɨɛŬŰɞɠ Űɞɡ ȼ/ɀ 

űɎůɛŬŰɞɠ, Ŭˊɧ ɀɖ ȺˊŬɜŭɟɤɛɏɜɞ ȺɜŬɏɟɘɞ ȳɢɖɛŬ / ɆɨůŰɖɛŬ ( UAV / UAS). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ 

ůɢŮŭɘɎůŰɖəŮ əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ ůɨůŰɖɛŬ ůŰŬɗŮɟɞˊɞɑɖůɖɠ ŬɘůɗɖŰɐɟɤɜ (brushless gimbal) 

ɔɘŬ Űɖɜ ŮɜůɤɛɎŰɤůɖ ɡˊŮɟűŬůɛŬŰɘəɞɨ ŬɘůɗɖŰɐɟŬ Űɨˊɞɡ Push-broom / Line Scanning ɔɘŬ Űɖ 

ɚɐɣɖ ŮɜŬɏɟɘɤɜ ŭŮŭɞɛɏɜɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŰŬɡŰɧɢɟɞɜɖ ɚɐɣɖ ɞˊŰɘəɩɜ, 

ˊɞɚɡűŬůɛŬŰɘəɩɜ əŬɘ ɗŮɟɛɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ ˊŰɐůɖ əŬŰŬɔɟŬűɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. 

ȸŬůɘəɐ Ůˊɘŭɑɤɝɖ ɐŰŬɜ ɖ ůɡɚɚɞɔɐ əŬɘ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ŮŰŮɟɞɔŮɜɩɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɞɡɠ ɤɠ ˊɟɞɠ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎ Űɞɡɠ ůŮ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ 

ŬˊŬɘŰŮɑŰŬɘ ɖ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ůɡɔəɟɘŰɘəɐ 

Ŭɝɘɞɚɧɔɖůɖ Ůɜɩ ŬɜŬɚɡɗɐəŬɜ ŰŬ Ůˊɘɛɏɟɞɡɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ.  

ȼ ŮɜůɤɛɎŰɤůɖ ŮŰŮɟɞɔŮɜɩɜ ŬɘůɗɖŰɐɟɤɜ ůŮ ɀɖ ȺˊŬɜŭɟɤɛɏɜŬ ȺɜŬɏɟɘŬ ɆɡůŰɐɛŬŰŬ ɔɜɤɟɑɕŮɘ 

ɟŬɔŭŬɑŬ ŬɜɎˊŰɡɝɖ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ Űɧůɞ ɚɧɔɤ Űɖɠ ŬɜɎˊŰɡɝɖɠ ˊɞɚɡɎɟɘɗɛɤɜ ůɡůŰɖɛɎŰɤɜ 

UAV ŬɚɚɎ əŬɘ ɚɧɔɤ Űɖɠ ŬɜɎˊŰɡɝɖɠ ɜɏɤɜ, ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ əŬɘ ŮɚɎɢɘůŰɤɜ ŬˊŬɘŰɐůŮɤɜ 

əŬŰŬɜɎɚɤůɖɠ, űŬůɛŬŰɘəɩɜ ŬɘůɗɖŰɐɟɤɜ ɇɖɚŮˊɘůəɧˊɖůɖɠ. ɇŬ ˊŮŭɑŬ ŮűŬɟɛɞɔɐɠ Űɤɜ ˊŬɟŬˊɎɜɤ 

ůɡůŰɖɛɎŰɤɜ ŮɑɜŬɘ ˊɞɚɡɎɟɘɗɛŬ. ɀɏɢɟɘ ůɐɛŮɟŬ ɖ ŬˊɧəŰɖůɖ ŰɏŰɞɘɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟɞŮɟɢɧŰŬɜ 

ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ ŭɞɟɡűɧɟɞɡɠ əŬɘ ŮˊŬɜŭɟɤɛɏɜŬ ŬŮɟɞůəɎűɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ əɧůŰɞɠ Űɞɡɠ 

ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɜŬ əŬɗɑůŰŬŰŬɘ ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɧ.  

Ʉɟɞɠ ŬɡŰɐ Űɖɜ əŬŰŮɨɗɡɜůɖ əŬŰŬůəŮɡɎůŰɖəŮ ɞɚɞəɚɖɟɤɛɏɜɞ ůɨůŰɖɛŬ ůŰŬɗŮɟɞˊɞɑɖůɖɠ, ɛɏůɤ 

Űɞɡ ɞˊɞɑɞɡ ŰɞˊɞɗŮŰɐɗɖəŮ ɞ ɡˊŮɟűŬůɛŬŰɘəɧɠ ŭɏəŰɖɠ əŬɘ ŰŬ ůɡůŰɐɛŬŰŬ ˊɟɞůŭɘɞɟɘůɛɞɨ ɗɏůɖɠ 

(GPS / INS) ˊɎɜɤ ůŰɞ UAS. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊɞɚɚŬˊɚɎ ˊŮɘɟɎɛŬŰŬ ɔɘŬ Űɞɜ 

ɓɏɚŰɘůŰɞ ůɢŮŭɘŬůɛɧ əŬɘ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ˊŰɐůŮɤɜ ˊɟɞɠ Űɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɘɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ (ɢɤɟɘəɐ ŬɜɎɚɡůɖ, ɞˊŰɘəɧ ˊŮŭɑɞ, ə.Ŭ.) Űɞɡ ŮəɎůŰɞŰŮ ŬɘůɗɖŰɐɟŬ. 

ȰˊŮɘŰŬ Ŭˊɧ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ (ɟŬŭɘɞɛŮŰɟɘəɏɠ, ɔŮɤɛŮŰɟɘəɏɠ ŭɘɞɟɗɩůŮɘɠ, 

ɡˊɞɚɞɔɘůɛɧɠ ɛɞɜŰɏɚɤɜ ŮˊɘűŬɜŮɑŬɠ, ɞɟɗɞŮɘəɧɜɤɜ, əɞə), ŰŬ ŭŮŭɞɛɏɜŬ ŰŬɝɘɜɞɛɐɗɖəŬɜ ɛŮ 

ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɛŮ ɓɎůɖ ŰŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ. ɆɡɔəŮəɟɘɛɏɜŬ ɡɚɞˊɞɘɐɗɖəŬɜ 

ˊɞɚɡɎɟɘɗɛŮɠ ŭɞəɘɛɏɠ ɔɘŬ əɎɗŮ ůŮŰ ŭŮŭɞɛɏɜɤɜ (dataset) ŬɚɚɎ əŬɘ ůŮ ůɡɜŭɡŬůɛɧ Űɞɡɠ (ˊɢ. 

ˊɞɚɡűŬůɛŬŰɘəɎ əŬɘ ɗŮɟɛɘəɎ). ȺɘŭɘəɧŰŮɟŬ ůŰŬ ɡˊŮɟűŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ŮˊɘɢŮɘɟɐɗɖəŬɜ 

ŰŬɝɘɜɞɛɐůŮɘɠ Űɧůɞ ůŰɞɜ Ŭɟɢɘəɧ ɡˊŮɟəɨɓɞ, ɧůɞ əŬɘ ůŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɛŮŰɎ Ŭˊɧ 

ɛŮɑɤůɖ ŭɘŬůŰɎůŮɤɜ. ɇɏɚɞɠ, ɏɔɘɜŮ ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȼ ůɡɔəɟɘŰɘəɐ ŬɜɎɚɡůɖ ŬɜɏŭŮɘɝŮ ŰŬ ɡɣɖɚɎ ˊɞůɞůŰɎ ŮˊɘŰɡɢɑŬɠ ůŰɘɠ 

ŰŬɝɘɜɞɛɐůŮɘɠ Űɤɜ ɡˊŮɟűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ (ˊŬɟɎ Űɖ ůɢŮŰɘəɎ ɛɘəɟɧŰŮɟɖ ɢɤɟɘəɐ ŬɜɎɚɡůɖ) 

ŬɚɚɎ əŬɘ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ ůɡɜŭɡŬůɛɞɨ ŮŰŮɟɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ˊɞɘəɑɚŮɠ 

ŮűŬɟɛɞɔɏɠ ɢŬɟŰɞɔɟɎűɖůɖɠ. 
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Abstract 

The aim of this particular Postgraduate thesis was the acquisition of remote sensing data from 

multiple sensors, sensitive to various wavelengths of the Electromagnetic spectrum from 

Unmanned Aerial Vehicle/System (UAV/UAS). More specifically, a brushless gimbal system 

was designed and constructed in order to integrate a Push-broom hyperspectral sensor onboard 

the UAV. Furthermore, concurrent acquisition of optical, multispectral and thermal data was 

performed during a controlled flight in the study area. The scope was to manage and preprocess 

all the above collected data and evaluate their performance in image classification tasks.  

In particular, nowadays, the rapid development of UAS systems as well as the advancement of 

remote sensing sensors have broaden the deployment of similar cutting-edge technology for 

various applications. The combination of the aforementioned systems seems like a relative cost-

efficient solution for acquiring very/ultra high resolution multispectral and hyperspectral data, 

when comparing with certain cases with data from satellite or aerial manned acquisition 

platforms.   

To this end, a new brushless stabilization system was designed, developed and integrated 

onboard a UAV for the hyperspectral sensor along with the GPS/INS hardware/software. 

Numerous experiments were conducted in order to optimize flight parameters and planning 

towards acquiring and fusing multimodal data from sensors with different characteristics 

(harmonizing e.g., spatial resolution, field of view, etc.). After the execution of the necessary 

preprocessing tasks (radiometric corrections, geometric corrections, digital surface models, 

orthoimages, etc) the produced data were classified with pixel-based machine learning 

techniques. Specifically, numerous experiments were carried out for each dataset as well as 

combined datasets (e.g., multispectral and thermal). Regarding the hyperspectral data, 

classification experiments were carried out both in the initial hypercubes as well as after a 

dimensionality reduction. A qualitative and quantitative evaluation for all aforementioned 

experiments highlighted the relative high accuracy rates for the hyperspectral data (despite the 

relative lower spatial resolution) as well as the effectiveness of the multimodal data fusion for 

a variety of geospatial mapping applications. 

   



 

  



                                                          

xi 

 

ɄɑɜŬəŬɠ ɄŮɟɘŮɢɞɛɏɜɤɜ 

 

ȺɡɢŬɟɘůŰɑŮɠ ............................................................................................................................... v 

ɄŮɟɑɚɖɣɖ ................................................................................................................................ vii  

Abstract .................................................................................................................................... ix 

ɄɑɜŬəŬɠ ɄŮɟɘŮɢɞɛɏɜɤɜ ........................................................................................................... xi 

1 ȷɜŰɘəŮɑɛŮɜɞ əŬɘ ɆɢŮŰɘəɏɠ ȺɟɔŬůɑŮɠ ..................................................................................... 1 

1.1 ɆŰɧɢɞɘ əŬɘ ȷɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ ...................................................................................... 1 

1.2 ȾɑɜɖŰɟɞ əŬɘ ɆɡɜŮɘůűɞɟɎ Űɖɠ ȺɟɔŬůɑŬɠ ........................................................................... 2 

1.3 ɄŬɟɧɛɞɘŮɠ ȺɟɔŬůɑŮɠ əŬɘ ɆɡůŰɐɛŬŰŬ ȿɐɣɖɠ ūŬůɛŬŰɘəɩɜ ȹŮŭɞɛɏɜɤɜ .......................... 2 

1.4 ɀɖ ȺˊŬɜŭɟɤɛɏɜŬ ȺɜŬɏɟɘŬ ɃɢɐɛŬŰŬ .............................................................................. 4 

1.4.1 ȾŬŰɖɔɞɟɑŮɠ ɀɖ ȺˊŬɜŭɟɤɛɏɜɤɜ ȺɜŬɏɟɘɤɜ ɀɏůɤɜ .................................................. 5 

1.4.2 ɁɞɛɞɗŮůɑŬ ................................................................................................................. 7 

1.4.3 ɄŮɟɘɞɢɏɠ ŬˊŬɔɧɟŮɡůɖɠ ˊŰɐůŮɤɜ ɆɛɖȺȷ .................................................................. 7 

2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ ..................................................................... 9 

2.1 UAS ï ɄɞɚɡəɧˊŰŮɟɞ ........................................................................................................ 9 

2.2 ūŬůɛŬŰɘəɞɑ ɇɖɚŮˊɘůəɞˊɘəɞɑ ȷɘůɗɖŰɐɟŮɠ ...................................................................... 10 

2.2.1 ɈˊŮɟűŬůɛŬŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ ï Headwall VNIR ................................................... 11 

2.2.2 ɄɞɚɡűŬůɛŬŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ ï Parrot Sequoia NIR .............................................. 12 

2.2.3 ŪŮɟɛɘəɧɠ ŬɘůɗɖŰɐɟŬɠ Flir Vue Pro ......................................................................... 13 

2.3 ȸɎůɖ ɆŰŬɗŮɟɞˊɞɑɖůɖɠ ɈˊŮɟűŬůɛŬŰɘəɞɨ ŬɘůɗɖŰɐɟŬ ï Brushless Gimbal ................... 14 

2.4 Ɇɡɚɚɞɔɐ ȹŮŭɞɛɏɜɤɜ ...................................................................................................... 18 

2.4.1 ɄŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ .................................................................................................... 18 

2.4.2 ɆɢŮŭɘŬůɛɧɠ əŬɘ ɄŬɟɎɛŮŰɟɞɘ ɄŰɐůɖɠ ɔɘŬ Űɞɜ ɄɞɚɡűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ ............ 19 

2.4.3 ɆɢŮŭɘŬůɛɧɠ əŬɘ ɄŬɟɎɛŮŰɟɞɘ ɄŰɐůɖɠ ɔɘŬ Űɞɜ ŪŮɟɛɘəɧ ŬɘůɗɖŰɐɟŬ ......................... 22 

2.4.4 ɆɢŮŭɘŬůɛɧɠ əŬɘ ɄŬɟɎɛŮŰɟɞɘ ɄŰɐůɖɠ ɔɘŬ Űɞɜ ɈˊŮɟűŬůɛŬŰɘəɧ ȷɘůɗɖŰɐɟŬ ............ 24 

2.5 ɄɟɞŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ .......................................................................................... 25 

2.5.1 ɆɡůɢɏŰɘůɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɘɠ ɗɏůŮɘɠ ɚɐɣŮɘɠ ................................. 25 



xii  
 

2.5.2 ȹɖɛɘɞɡɟɔɑŬ ɞɟɗɞŮɘəɧɜɤɜ (ɞˊŰɘəɎ əŬɘ ˊɞɚɡűŬůɛŬŰɘəɎ) ......................................... 25 

2.5.3 ȹɖɛɘɞɡɟɔɑŬ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ .............................................................. 30 

2.5.4 ɆɡůɢɏŰɘůɖ ŭŮŭɞɛɏɜɤɜ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ .............................................................. 32 

2.5.5 ũŮɤɛŮŰɟɘəɐ ŬɜŰɘůŰɞɑɢɘůɖ ........................................................................................ 33 

2.6 ɃˊŰɘəɞˊɞɑɖůɖ ȹŮŭɞɛɏɜɤɜ ............................................................................................. 36 

3 ɇŬɝɘɜɧɛɖůɖ ȹŮŭɞɛɏɜɤɜ əŬɘ ȷɝɘɞɚɧɔɖůɖ .......................................................................... 41 

3.1 ȷɚɔɧɟɘɗɛɞɘ ŰŬɝɘɜɧɛɖůɖɠ ........................................................................................... 41 

3.1.1 ȺɚɎɢɘůŰɖɠ ŬˊɧůŰŬůɖɠ (Minimum Distance) ...................................................... 41 

3.1.2 ȷɚɔɧɟɘɗɛɞɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ (Maximum Likelihood) ........................... 42 

3.1.3 ȷɚɔɧɟɘɗɛɞɠ əŬɗɞɟɘůɛɞɨ űŬůɛŬŰɘəɐɠ ɔɤɜɑŬɠ (Spectral Angle Mapping) .......... 43 

3.1.4 ɀɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ (Support Vector Machines - SVM) .......... 44 

3.2 ȹŮŭɞɛɏɜŬ ŬɜŬűɞɟɎɠ ................................................................................................... 46 

3.3 ūŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ .............................................................................................. 51 

3.4 ɄŮɘɟŬɛŬŰɘəɎ ȷˊɞŰŮɚɏůɛŬŰŬ əŬɘ ȷɝɘɞɚɧɔɖůɖ ........................................................... 58 

3.4.1 ɇŬɝɘɜɞɛɐůŮɘɠ ŭŮŭɞɛɏɜɤɜ: Semi ï Automatic Classification ....................................... 59 

ɇŬɝɘɜɧɛɖůɖ ɄɞɚɡűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ ɛŮ Űɖ ɛɏɗɞŭɞ Maximum Likelihood ............. 59 

ɇŬɝɘɜɧɛɖůɖ ɄɞɚɡűŬůɛŬŰɘəɞɨ ï ŪŮɟɛɘəɞɨ ɀɤůŬɥəɞɨ ɛŮ Űɖ ɛɏɗɞŭɞ Maximum 

Likelihood ........................................................................................................................ 62 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (1) ɛŮ Űɖ ɛɏɗɞŭɞ Maximum Likelihood ........ 64 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (2) ɛŮ Űɖ ɛɏɗɞŭɞ Spectral Angle Mapping ... 66 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (3) ɛŮ Űɖ ɛɏɗɞŭɞ Minimum Distance ........... 68 

3.4.2 ɇŬɝɘɜɞɛɐůŮɘɠ ŭŮŭɞɛɏɜɤɜ: Python SVM ï PCA .......................................................... 70 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (1) ɛŮ SVM ï PCA ........................................ 70 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (2) ɛŮ SVM ï PCA ........................................ 73 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (3) ɛŮ SVM ï PCA ....................................... 76 

3.4.3 ɇŬɝɘɜɞɛɐůŮɘɠ ŭŮŭɞɛɏɜɤɜ: Python SVM ...................................................................... 79 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (1) ɛŮ SVM ................................................... 79 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (2) ɛŮ SVM .................................................. 82 

ɇŬɝɘɜɧɛɖůɖ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ (3) ɛŮ SVM ................................................... 85 



                                                          

xiii  

 

4 ɆɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɄɟɞɞˊŰɘəɏɠ ......................................................................................... 88 

4.1 ũŮɜɘəɎ ɆɡɛˊŮɟɎůɛŬŰŬ ................................................................................................... 88 

4.2 ȺɘŭɘəɎ ɆɡɛˊŮɟɎůɛŬŰŬ .................................................................................................... 90 

4.3 ɄɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ŮɟɔŬůɑŬ ............................................................................... 91 

ȸɘɓɚɘɞɔɟŬűɑŬ .......................................................................................................................... 92 

Ⱥɚɚɖɜɘəɐ ɓɘɓɚɘɞɔɟŬűɑŬ ........................................................................................................ 92 

ȹɘŮɗɜɐɠ ɓɘɓɚɘɞɔɟŬűɑŬ .......................................................................................................... 92 

ɄŬɟɎɟŰɖɛŬ ............................................................................................................................. 95 

ȾŬŰɎɚɞɔɞɠ ɆɢɖɛɎŰɤɜ .......................................................................................................... 101 

ȾŬŰɎɚɞɔɞɠ ɄɘɜɎəɤɜ ............................................................................................................ 106 

 

 



 

 

 



  1 ȷɜŰɘəŮɑɛŮɜɞ əŬɘ ɆɢŮŰɘəɏɠ ȺɟɔŬůɑŮɠ

   

ůŮɚ. 1 

 

1 ȷɜŰɘəŮɑɛŮɜɞ əŬɘ ɆɢŮŰɘəɏɠ ȺɟɔŬůɑŮɠ 

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɞɘ ůŰɧɢɞɘ əŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ 

ŮɟɔŬůɑŬɠ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ əɑɜɖŰɟɞ əŬɘ Űɖ ůɡɜŮɘůűɞɟɎ Űɖɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŮ 

ůɢŮŰɘəɏɠ ŮɟɔŬůɑŮɠ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ.  

 

1.1 ɆŰɧɢɞɘ əŬɘ ȷɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ 

Ƀ əɨɟɘɞɠ ůŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ ŮɜůɤɛɎŰɤůɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ 

ŬɘůɗɖŰɐɟɤɜ əŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ ˊɘɚɞŰɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ ɛŮ ɀɖ ȺˊŬɜŭɟɤɛɏɜɞ ȳɢɖɛŬ / 

ɆɨůŰɖɛŬ (UAV / UAS). ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ůɢŮŭɘɎůŰɖəŮ, əŬŰŬůəŮɡɎůŰɖəŮ əŬɘ 

ˊɟɞɔɟŬɛɛŬŰɑůŰɖəŮ ɓɎůɖ ůŰŬɗŮɟɞˊɞɑɖůɖɠ ůŰɖɜ ɞˊɞɑŬ ŮɜůɤɛŬŰɩɗɖəŮ ɡˊŮɟűŬůɛŬŰɘəɧɠ 

ŬɘůɗɖŰɐɟŬɠ Űɨˊɞɡ push-broom (line-scanning). ɆŰɞ UAV ŮɜůɤɛŬŰɩɗɖəŬɜ Ůˊɑůɖɠ ɞˊŰɘəɧɠ, 

ˊɞɚɡűŬůɛŬŰɘəɧɠ əŬɘ ɗŮɟɛɘəɧɠ ŬɘůɗɖŰɐɟŬɠ, ɔɘŬ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ůɡɚɚɞɔɐ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ 

ŭŮŭɞɛɏɜɤɜ. ɀɏůɤ Űɖɠ ˊɚŬŰűɧɟɛŬɠ Űɤɜ ŬɘůɗɖŰɐɟɤɜ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɡɠ 

ŬɘůɗɖŰɐɟŮɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ɗɏůɖɠ, ɏɔɘɜŮ ɖ ůɡɚɚɞɔɐ ɞˊŰɘəɩɜ, ˊɞɚɡűŬůɛŬŰɘəɩɜ, 

ɡˊŮɟűŬůɛŬŰɘəɩɜ əŬɘ ɗŮɟɛɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ȸŬůɘəɐ Ůˊɘŭɑɤɝɖ ŬˊɞŰɏɚŮůŮ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜɤɜ əŬɘ ɖ ůɡɔəɟɘŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ Űɞɡɠ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɡ 

ŬˊŬɘŰɞɨɜ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Ůɘəɧɜɤɜ əŬɘ ɞɟɗɞŮɘəɧɜɤɜ. 

Ʉɘɞ ŬɜŬɚɡŰɘəɎ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ŬəɧɚɞɡɗŮɠ ŮɟɔŬůɑŮɠ. ȷɟɢɘəɎ ůɢŮŭɘɎůŰɖəŮ əŬɘ 

əŬŰŬůəŮɡɎůŰɖəŮ ɞ ůəŮɚŮŰɧɠ Űɖɠ ɓɎůɖɠ ůŰŬɗŮɟɞˊɞɑɖůɖɠ. ȰˊŮɘŰŬ ˊɟɞůŬɟɛɧůŰɖəŬɜ ŰŬ 

ɖɚŮəŰɟɘəɎ əŬɘ ɖɚŮəŰɟɞɜɘəɎ ɛɏɟɖ, ɞɘ űŬůɛŬŰɘəɞɑ ŰɖɚŮˊɘůəɞˊɘəɞɑ ŬɘůɗɖŰɐɟŮɠ əŬɗɩɠ əŬɘ ŰŬ 

ůɡůŰɐɛŬŰŬ ˊɟɞůŭɘɞɟɘůɛɞɨ ɗɏůɖɠ (GPS / INS). ɆŰɖ ůɡɜɏɢŮɘŬ ɡɚɞˊɞɘɐɗɖəŬɜ ˊɞɚɡɎɟɘɗɛŮɠ 

ŭɞəɘɛŬůŰɘəɏɠ ˊŰɐůŮɘɠ ɛŮ ůəɞˊɧ ɜŬ ŭɘŮɟŮɡɜɖɗɞɨɜ ɞɘ ˊɟɞɦˊɞɗɏůŮɘɠ əŬɘ ˊŬɟɎɛŮŰɟɞɘ ˊŰɐůɖɠ, ɔɘŬ 

Űɖ ůɤůŰɐ ɚɐɣɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ŬɘůɗɖŰɐɟŮɠ. ɇŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊɧ: i) ˊɞɚɡűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ, ii ) RGB ŬɘůɗɖŰɐɟŬ, iii) ɡˊŮɟűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ iv) 

ɗŮɟɛɘəɧ ŬɘůɗɖŰɐɟŬ, əŬɗɩɠ əŬɘ ůɡɜŭɡŬůɛɧ Űɤɜ ˊŬɟŬˊɎɜɤ. ɆŰɧɢɞɠ ɐŰŬɜ ɖ ɚɐɣɖ Űɞɡ ɛɏɔɘůŰɞɡ 

Ŭɟɘɗɛɞɨ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɘɠ ŮɚɎɢɘůŰŮɠ ŭɡɜŬŰɏɠ ˊŰɐůŮɘɠ əŬŰŬɔɟŬűɐɠ. ȷɡŰɧ 

ŮˊŮŰŮɨɢɗɖ ɛŮ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ůŰŬɗŮɟɞˊɞɑɖůɖɠ ɔɘŬ Űɞɜ 

ɡˊŮɟűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ əŬɗɩɠ ɐŰŬɜ ŰŮɢɜɞɚɞɔɑŬɠ Pushbroom / Line Scanninng əŬɘ ɖ 

ůɡɜŮɢɐɠ ŮɜŮɟɔɖŰɘəɐ ɛɘəɟɞ-ŭɘɧɟɗɤůɖ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɡɚɚɞɔɐɠ 

ɐŰŬɜ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ɞɟɗɐ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ. ɇɏɚɞɠ, ɐŰŬɜ ŬɜŬɔəŬɑŬ ɖ ŬɜɎˊŰɡɝɖ 
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ɛŮɗɞŭɞɚɞɔɑŬɠ ́ ɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ Űɟɧˊɞ əŬɘ Űɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ 

ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜɤɜ əŬɘ əɡɟɑɤɠ ŰŬ ůŰɎŭɘŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ ŰɖɚŮˊɘůəɞˊɘəɩɜ 

Ůɘəɧɜɤɜ, ŬɚɚɎ əŬɘ ɛŮ Űɖɜ ˊɞɘɞŰɘəɐ / ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛŮɗɧŭɤɜ 

ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ.  

 

1.2 ȾɑɜɖŰɟɞ əŬɘ ɆɡɜŮɘůűɞɟɎ Űɖɠ ȺɟɔŬůɑŬɠ 

ȸŬůɘəɧ əɑɜɖŰɟɞ ɔɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ŬˊɞŰɏɚŮůŮ ɖ ɟŬɔŭŬɑŬ 

ŬɜɎˊŰɡɝɖ Űɞɡ əɚɎŭɞɡ Űɤɜ ɀɖ ȺˊŬɜŭɟɤɛɏɜɤɜ ȺɜŬɏɟɘɤɜ ɆɡůŰɖɛɎŰɤɜ ůɡɜŬɟŰɐůŮɘ Űɖɠ 

ŰŮɢɜɞɚɞɔɘəɐɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ŬɘůɗɖŰɐɟɤɜ ɇɖɚŮˊɘůəɧˊɖůɖɠ. ɆɐɛŮɟŬ ŬɜŬˊŰɨůůɞɜŰŬɘ ůɡɜŮɢɩɠ 

ŬɘůɗɖŰɐɟŮɠ ůɢŮŭɘŬůɛɏɜɞɘ ŬˊɞəɚŮɘůŰɘəɎ ɔɘŬ ůɡůŰɐɛŬŰŬ UAS ɛŮ ˊɚɞɨůɘŬ űŬůɛŬŰɘəɐ ŬɜɎɚɡůɖ 

əŬɘ ŭɡɜŬŰɧŰɖŰŮɠ ɔɘŬ ɡɣɖɚɐ/ ˊɞɚɨ-ɡɣɖɚɐ ɢɤɟɘəɐ ŬɜɎɚɡůɖ. ȿɧɔɤ Űɞɡ ůɢŮŰɘəɎ ɡɣɖɚɞɨ əɧůŰɞɡɠ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɞɟɡűɞɟɘəɎ ůɡůŰɐɛŬŰŬ əŬɘ ŮˊŬɜŭɟɤɛɏɜŬ ŬŮɟɞůəɎűɖ, 

ŰŬ ůɡůŰɐɛŬŰŬ UAS ɛˊɞɟɞɨɜ ɜŬ ˊŬɑɝɞɡɜ ůɖɛŬɜŰɘəɧ ˊɚɏɞɜ ɟɧɚɞ ůŰɖɜ ɢŬɟŰɞɔɟɎűɖůɖ ˊŮɟɘɞɢɩɜ 

ɘŭɑɤɠ ůŮ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ ɛŮ ɜŮűɞəɎɚɡɣɖ. Ƀɘ ɚɨůŮɘɠ ŬɡŰɏɠ ɏɢɞɡɜ ɐŭɖ ŮűŬɟɛɞɔɏɠ ůŰɖɜ 

ŬůűɎɚŮɘŬ, ɔŮɤɟɔɑŬ ŬəɟɘɓŮɑŬɠ, ɢŬɟŰɞɔɟɎűɖůɖ ŮŭŬűɩɜ əŬɘ ɚŬŰɞɛŮɑɤɜ ə.Ŭ. 

 

ȾɑɜɖŰɟɞ Ůˊɑůɖɠ ŬˊɞŰɏɚŮůŮ ɖ ŭɘɎɗŮůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŬɘůɗɖŰɐɟɤɜ Ŭˊɧ Űɞ ŮɟɔŬůŰɐɟɘɞ 

ɇɖɚŮˊɘůəɧˊɖůɖɠ əŬɘ ɖ ŬɜɎɔəɖ ŰŬɡŰɧɢɟɞɜɖɠ ɚɐɣɖɠ ŮŰŮɟɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɧˊɤɠ 

ɡˊŮɟűŬůɛŬŰɘəɎ, ɗŮɟɛɘəɎ, ɞˊŰɘəɎ, ˊɞɚɡűŬůɛŬŰɘəɎ ə.Ŭ. ɛŮ ůəɞˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ ɛŮɗɞŭɞɚɞɔɑŬɠ 

ůɡɜŭɡŬůɛɞɨ Űɞɡɠ ŬɚɚɎ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ Űɞɡɠ ɔɘŬ ˊɞɘəɑɚŮɠ ŮűŬɟɛɞɔɏɠ. 

ȼ ůɡɜŮɘůűɞɟɎ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ůɡɜɞɣɑɕŮŰŬɘ:  

1. ɆŰɞ ůɢŮŭɘŬůɛɧ, əŬŰŬůəŮɡɐ əŬɘ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ ɓɎůɖɠ ůŰŬɗŮɟɞˊɞɑɖůɖɠ 

ɡˊŮɟűŬůɛŬŰɘəɞɨ ŬɘůɗɖŰɐɟŬ. 

2. ɆŰɖɜ ŮɜůɤɛɎŰɤůɖ ˊɞɚɚŬˊɚɩɜ ŬɘůɗɖŰɐɟɤɜ (ɞˊŰɘəɧ, ɗŮɟɛɘəɧ, ˊɞɚɡűŬůɛŬŰɘəɧ, 

ɡˊŮɟűŬůɛŬŰɘəɧ) əŬɘ ůɡɜŭɡŬůɛɧ Űɞɡɠ ɛŮ ŬɘůɗɖŰɐɟŮɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ɗɏůɖɠ (GPS / 

INS).  

3. ɆŰɖ ɛŮɚɏŰɖ əŬɘ ɡɚɞˊɞɑɖůɖ ŭɘŬŭɘəŬůɑŬɠ ˊɟɞŮˊŮɝŮɟɔŬůɘɩɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ˊɞɚɡűŬůɛŬŰɘəɩɜ, ɡˊŮɟűŬůɛŬŰɘəɩɜ, ɗŮɟɛɘəɩɜ ɞɟɗɞŮɘəɧɜɤɜ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ.  

4. ɆŰɖ ɛŮɚɏŰɖ, ɡɚɞˊɞɑɖůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖ ŰŬɝɘɜɞɛɐůŮɤɜ Ŭˊɧ Űɘɠ ɞɟɗɞŮɘəɧɜŮɠ 

ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ŬɚɚɎ əŬɘ Űɞ ůɡɜŭɡŬůɛɧ ŮŰŮɟɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ (ˊɢ. 

ˊɞɚɡűŬůɛŬŰɘəɎ ɛŮ ɗŮɟɛɘəɎ). 

 

1.3 ɄŬɟɧɛɞɘŮɠ ȺɟɔŬůɑŮɠ əŬɘ ɆɡůŰɐɛŬŰŬ ȿɐɣɖɠ ūŬůɛŬŰɘəɩɜ ȹŮŭɞɛɏɜɤɜ 

ȷɟəŮŰɞɑ ŮɟŮɡɜɖŰɏɠ ŬɚɚɎ əŬɘ ŮŰŬɘɟŮɑŮɠ ɛŮɚŮŰɞɨɜ ɔŮɜɘəɧŰŮɟŬ ŰŬ ɆɡůŰɐɛŬŰŬ ɀɖ ȺˊŬɜŭɟɤɛɏɜɤɜ 

ȷŮɟɞůəŬűɩɜ ŬɚɚɎ əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɖ ɚɐɣɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ŭɘɎűɞɟɞɡɠ 

ŬɘůɗɖŰɐɟŮɠ Űɞɡ ȼ/ɀ űɎůɛŬŰɞɠ.  
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ɇɞɜ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2014 ɞɘ Duan et al., ŬɝɘɞɚɧɔɖůŬɜ Űɖɜ əŬŰŬɚɚɖɚɧɚɖŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ 

PROSAIL ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ Leaf Area Index (LAI) ůŮ ŰɟŮɘɠ Űɡˊɘəɏɠ ɔɟŬɛɛɘəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ 

(ŬɟŬɓɧůɘŰɞɡ, ˊŬŰɎŰŬɠ əŬɘ ɐɚɘɞɡ) ɛŮ ɡˊŮɟűŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ˊɞɡ ɚɐűɗɖəŬɜ Ŭˊɧ ɀɖ 

ȺˊŬɜŭɟɤɛɏɜŬ ȺɜŬɏɟɘŬ ɃɢɐɛŬŰŬ (UAV). ȼ ŮəŰɑɛɖůɖ ŬɡŰɐ ɏɔɘɜŮ ɛɏůɤ Ůɜɧɠ ˊɑɜŬəŬ ŬɜŬɕɐŰɖůɖɠ 

(LUT) ɓŬůɘůɛɏɜɞ ůŰɖɜ ŬɜŰɘůŰɟɞűɐ Űɞɡ ɛɞɜŰɏɚɞɡ PROSAIL, ɖ ɞˊɞɑŬ ůŰɖ ůɡɜɏɢŮɘŬ 

ŬɝɘɞɚɞɔɐɗɖəŮ ɛŮ Ůˊɘ Űɧˊɞɡ ɛŮŰɟɐůŮɘɠ Űɞɡ LAI ůŰɞ ɏŭŬűɞɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɖ 

ɛŮɗɞŭɞɚɞɔɑŬ ŬɡŰɐ ɐŰŬɜ ŬɝɘɧˊɘůŰɖ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ LAI ůŰɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ ŰɟŮɘɠ 

əŬɚɚɘɏɟɔŮɘŮɠ ɛŮ ůűɎɚɛŬ (RMSE) ˊŮɟɑˊɞɡ 0,62 m2 mī2 əŬɘ ůɢŮŰɘəɧ ůűɎɚɛŬ (RRMSE) ˊŮɟɑˊɞɡ 

15.5%.  

ũŮɜɘəɧŰŮɟŬ ɖ ŮəŰɑɛɖůɖ Űɞɡ LAI ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ ŭɘɎűɞɟŮɠ 

əɚɘɛŬŰɞɚɞɔɘəɏɠ əŬɘ ɔŮɤɟɔɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ɀɖ 

ȺˊŬɜŭɟɤɛɏɜɤɜ ȺɜŬɏɟɘɤɜ ɃɢɖɛɎŰɤɜ ɔɘŬ Űɖ ɚɐɣɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ˊɚɐɗɞɠ 

ŬɘůɗɖŰɐɟɤɜ ɛˊɞɟɞɨɜ ɜŬ ůɡɔəɟɘɗɞɨɜ əŬɘ Ŭɝɘɞɚɞɔɖɗɞɨɜ ŭɘɎűɞɟŮɠ ŮəŰɘɛɐůŮɘɠ Űɞɡ LAI ůŮ 

əŬɚɚɘɏɟɔŮɘŮɠ ŬɛˊŮɚɘɩɜ ůŰɖ ɁŮɛɏŬ, ȺɚɚɎŭɞɠ. ɇŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ɐŰŬɜ ůɡɜŭɡŬůɛɧɠ 

ɡˊŮɟűŬůɛŬŰɘəɩɜ Ůɘəɧɜɤɜ, RGB ɞɟɗɞɛɤůŬɥəɩɜ əŬɘ ɛɞɜŰɏɚɤɜ ŮˊɘűŬɜŮɑŬɠ.  (Kalisperakis et al., 

2015).  

ɇɞ ŮɟɔŬůŰɐɟɘɞ  Boise Center Aerospace Űɞɡ Idaho State University əŬɘ Űɞ Ⱥɗɜɘəɧ ŮɟɔŬůŰɐɟɘɞ 

Űɞɡ Idaho ŬɜɏˊŰɡɝŬɜ ůɨůŰɖɛŬ ɀɖ ȺˊŬɜŭɟɤɛɏɜɞɡ ȺɜŬɏɟɘɞɡ ɃɢɐɛŬŰɞɠ ɔɘŬ Űɖ ɚɐɣɖ 

ɡˊŮɟűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ɄɟŬɔɛŬŰɞˊɞɑɖůŬɜ ŭɞəɘɛŬůŰɘəɏɠ ˊŰɐůŮɘɠ ɔɘŬ ɜŬ ŮɝŮŰŬůɗŮɑ ɖ 

Ůˊɘɟɟɞɐ Űɞɡ ɡɣɞɛɏŰɟɞɡ ůŰŬ ɔŮɤɛŮŰɟɘəɎ ůűɎɚɛŬŰŬ, ůŰɖ ůɡɜɏɜɤůɖ (ɛɤůŬɥəɧ) Űɤɜ Ůɘəɧɜɤɜ əŬɘ 

ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ ɝɖɟɐɠ ɓɚɎůŰɖůɖɠ. ɀɏůɤ Űɤɜ ˊŰɐůŮɤɜ ůɡɚɚɏɢɗɖəŬɜ ŮˊɘŰɡɢɩɠ ɢɟɐůɘɛŬ 

ŭŮŭɞɛɏɜŬ, ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨůŬɜ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŮɘůŬɢɗɞɨɜ ůŮ ŭɘŬŭɘəŬůɑŮɠ ŰŬɝɘɜɧɛɖůɖɠ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛɖ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɡˊɞůŰɖɟɑɕɞɡɜ ůŰɧɢɞɡɠ ŭɘŬɢŮɑɟɘůɖɠ 

ɓɚɎůŰɖůɖɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɢŬɟŰɞɔɟɎűɖůɖ ɗŬɛɜɤŭɩɜ ŮəŰɎůŮɤɜ əŬɘ ůɢɏŭɘŬ ŭɘŬɜɞɛɐɠ. 

Ʉɞɚɚɏɠ űɞɟɏɠ ɞɘ ŮˊɘɓɚŮˊɧɛŮɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ ŮɛűŬɜɑɕɞɡɜ ɏɜŰɞɜɞ ɗɧɟɡɓɞ ɐ ůűɎɚɛŬŰŬ ůŰɞ 

ɛɤůŬɥəɧ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŮůűŬɚɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ŮɑŰŮ ɚɧɔɤ Ůɝɘůɞɟɟɧˊɖůɖɠ ɢɟɩɛŬŰɞɠ ŮɑŰŮ 

ɚɧɔɤ ŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ Ůɘəɧɜɤɜ. (Mitchell et al., 2012).  

ȼ ɛɖ əŬŰŬůŰɟɞűɘəɐ ɛɏɗɞŭɞɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ɛŮ 

ˊɞɚɡűŬůɛŬŰɘəɞɨɠ ɐ ɡˊŮɟűŬůɛŬŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ŮɑɜŬɘ ɛɘŬ ůɡɜɐɗɖɠ ˊɟŬəŰɘəɐ ůŰɖ ɔŮɤɟɔɑŬ 

ŬəɟɘɓŮɑŬɠ.  ɇŬ ŭɞɟɡűɞɟɘəɎ ůɡůŰɐɛŬŰŬ ɐ ŰŬ ŬŮɟɞůəɎűɖ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɏɢɞɡɜ ɢɤɟɘəɐ əŬɘ 

ɢɟɞɜɘəɐ ŭɘŬəɟɘŰɘəɧŰɖŰŬ ɔɘŬ ŰɏŰɞɘŮɠ ŮűŬɟɛɞɔɏɠ ɚɧɔɤ Űɞɡ ɡɣɖɚɞɨ Űɞɡɠ əɧůŰɞɡɠ. ȼ ŬɜɎˊŰɡɝɖ 

Űɤɜ ɀɖ ȺˊŬɜŭɟɤɛɏɜɤɜ ȺɜŬɏɟɘɤɜ ɆɡůŰɖɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ŮɝɞˊɚɘůŰɞɨɜ ɛŮ 

ɡˊŮɟűŬůɛŬŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞŰŮɚɞɨɜ Űɖɜ əŬŰɎɚɚɖɚɖ ɚɨůɖ ɔɘŬ ɜŬ əŬɚɨɣɞɡɜ 

Űɞ ˊŬɟŬˊɎɜɤ əŮɜɧ. (Bareth et al., 2015). ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɖɛɞůɑŮɡůɖ ɞɘ ŮɟŮɡɜɖŰɏɠ 

ˊŬɟɞɡůɘɎɕɞɡɜ ŭɡɞ ɡˊŮɟűŬůɛŬŰɘəɞɨɠ full ï frame ŬɘůɗɖŰɐɟŮɠ, ɞɘ ɞˊɞɑɞɘ ɕɡɔɑɕɞɡɜ əɎŰɤ Űɞɡ 1 

kg əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ůŮ ɛɘəɟɞɨ ɓɎɟɞɡɠ UAVs (<3kg). ɇŬ ˊɟɩŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɤɜ ˊŬɟŬˊɎɜɤ ɡˊŮɟűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůɡɔəɟɑɗɖəŬɜ ɛŮ ůˊŮəŰɟɞɟŬŭɘɧɛŮŰɟɞ ɢŮɘɟɧɠ. 



1 ȷɜŰɘəŮɑɛŮɜɞ əŬɘ ɆɢŮŰɘəɏɠ ȺɟɔŬůɑŮɠ 

ůŮɚ. 4 

 

ɄɞɚɚŬˊɚɞɑ əŬŰŬɜŮɛɖɛɏɜɞɘ ŬɘůɗɖŰɐɟŮɠ ůŮ ɏɜŬ ůɨůŰɖɛŬ ŭɑɜɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ˊŮɟɘůůɧŰŮɟɖ 

ůɡɚɚɞɔɐ ˊɚɖɟɞűɞɟɑŬɠ əŬɘ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ˊɟɞɢɤɟɖɛɏɜɤɜ ŮűŬɟɛɞɔɩɜ ɧˊɤɠ ŬɜŬɔɜɩɟɘůɖ 

ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ ˊŬɟŬəɞɚɞɨɗɖůɖɠ, ŬɜŰɘəŮɑɛŮɜŬ ɛŮɚɏŰɖɠ ˊɞɡ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ 

ɛɧɜɞ ŬɘůɗɖŰɐɟŬ. ɄŬɟɧɚŬ ŬɡŰɎ, ŰɏŰɞɘŬ ůɡůŰɐɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ˊŮɟɘɞɟɘůɛɞɨɠ ɤɠ ˊɟɞɠ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ, ɚɧɔɤ ŭɡůəɞɚɑŬɠ ůɡɜŰɞɜɘůɛɞɨ Űɞɡɠ. ɇŬ ɀɖ ȺˊŬɜŭɟɤɛɏɜŬ ȺɜŬɏɟɘŬ ɆɡůŰɐɛŬŰŬ 

(UAVs) ˊŬɟɏɢɞɡɜ ɛɞɜŬŭɘəɐ ŮɡəŬɘɟɑŬ ɚŮɘŰɞɡɟɔɑŬɠ ůɡůŰɖɛɎŰɤɜ ˊɞɚɚŬˊɚɩɜ ŬɘůɗɖŰɐɟɤɜ. 

ɄŬɟɧɚɞ ˊɞɡ əŬɘ ŬɡŰɎ ŰŬ ůɡůŰɐɛŬŰŬ ůɡɢɜɎ ˊŮɟɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ ŭɘŬɗɏůɘɛɖ 

ɘůɢɨɠ ɚɧɔɤ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ Űɤɜ ɛˊŬŰŬɟɘɩɜ Űɞɡɠ, ˊɟɧůűŬŰŮɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŮɝŮɚɑɝŮɘɠ əŬɘ 

Ŭɚɔɞɟɘɗɛɘəɏɠ ŬɜŬɓŬɗɛɑůŮɘɠ ˊŬɟɏɢɞɡɜ UAVs ɛŮ ˊŮɟɘůůɧŰŮɟɖ ŭɘŬɗɏůɘɛɖ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ. 

ȺɟŮɡɜɖŰɏɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɖɛɞůɑŮɡůɖɠ ŬɜŬəŬɚɨˊŰɞɡɜ ůɨɜɗŮůɖ ŮűŬɟɛɞɔɩɜ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŮɘəɧɜŬɠ əŬɘ ŰŮɢɜɘəɏɠ ŬɜŬɔɜɩɟɘůɖɠ ŬɜŰɘəŮɘɛɏɜɤɜ ɛŮ ˊɟɞɞˊŰɘəɏɠ ůɡɜŮɟɔŬůɑŬɠ ůɛɐɜɞɡɠ UAVs 

(Zientara et al., 2018).  

ȹŮŭɞɛɏɜŬ Űɟɘɩɜ ŭɘŬůŰɎůŮɤɜ ɏɢɞɡɜ ɛŮɔɎɚɖ ɕɐŰɖůɖ ůŰɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

əŬɘ Űɤɜ űɡůɘəɩɜ əŬŰŬůŰɟɞűɩɜ. ũɘŬ ɜŬ ŬɜŬˊŬɟŬůŰŬɗŮɑ ɏɜŬɠ 3D ɢɩɟɞɠ  ɛŮ ɚŮˊŰɞɛɏɟŮɘŬ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɜŬ ůɡɚɚŮɢɗɞɨɜ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ Űɞɡ 3D ůɢɐɛŬŰɞɠ əŬɘ 

Űɖɠ ɡűɐɠ. ɋůŰɧůɞ ŬɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ ŭŮɜ ŮɑɜŬɘ ɞɨŰŮ ŬɝɘɧˊɘůŰɖ ŬɚɚɎ ɞɨŰŮ ɔɟɐɔɞɟɖ əŬɘ űɗɖɜɐ 

ɛɏɗɞŭɞɠ ŮɘŭɘəɎ ɧŰŬɜ ŬˊŬɘŰŮɑŰŬɘ ɖ ɡɣɖɚɐ ŬɜɎɚɡůɖ ůŮ ŮɝɤŰŮɟɘəɞɨɠ ɢɩɟɞɡɠ əŬɗɩɠ əŬɘ əɘɜɞɨɛŮɜŬ 

ˊŮɟɘɓɎɚɚɞɜŰŬ. ɆŮ ŬɡŰɐɜ Űɖɜ ɏɟŮɡɜŬ ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɚɨůɖ Űɤɜ UAVs. Ɇɡɜɐɗɤɠ, ŰŬ ůɡůŰɐɛŬŰŬ 

ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ůŰɟŬŰɘɤŰɘəɏɠ ŮűŬɟɛɞɔɏɠ, ˊŬɟɧɚŬ ŬɡŰɎ ŮɛˊɚɏəɞɜŰŬɘ əŬɘ ůŮ 

ˊɞɚɘŰɘəɏɠ ŮűŬɟɛɞɔɏɠ  ɧˊɤɠ ɢŬɟŰɞɔɟɎűɖůɖ əŬɘ ˊŬɟŬəɞɚɞɨɗɖůɖ əŬŰŬůŰɟɞűɩɜ. ɇŬ UAVs 

ɛˊɞɟɞɨɜ ɜŬ ɑˊŰŬɜŰŬɘ ůŮ ɢŬɛɖɚɧ ɨɣɞɠ əŬɘ ɜŬ ɚŬɛɓɎɜɞɡɜ ŬəɟɘɓŮɑɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŮˊɘəɑɜŭɡɜŮɠ 

ůɡɜɗɐəŮɠ, ɧɛɤɠ Ůɜɏɢɞɡɜ ˊŮɟɘɞɟɘůɛɞɨɠ ɤɠ ˊɟɞɠ Űɞ ɤűɏɚɘɛɞ ɓɎɟɞɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ űɏɟɞɡɜ. ɆŮ 

ŬɡŰɐɜ Űɖɜ ɏɟŮɡɜŬ ɞ ůɡɜŭɡŬůɛɧɠ Ůɜɧɠ CCD ŬɘůɗɖŰɐɟŬ ɛŮ ɏɜŬ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ əŬɘ ɞɘəɞɜɞɛɘəɞɨ 

laser scanner əŬɘ ɛŮ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ IMU əŬɘ GPS ˊŬɟɞɡůɘɎɕŮŰŬɘ ɔɘŬ ɏɜŬ ůɨůŰɖɛŬ 3D 

ɢŬɟŰɞɔɟɎűɖůɖɠ. ȺˊɘŰɡɔɢɎɜŮŰŬɘ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ ɎɛŮůɖ ɔŮɤŬɜŬűɞɟɎ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɧɚɞɡɠ Űɞɡɠ ŬɘůɗɖŰɐɟŮɠ ɢɤɟɑɠ ůɖɛŮɑŬ Ůɚɏɔɢɞɡ ůŰɞ ɏŭŬűɞɠ, ɛŮ Űɖ ůɨɜɗŮůɖ Űɤɜ ˊŬɟŬˊɎɜɤ 

ŭŮŭɞɛɏɜɤɜ Ŭˊɧ űɑɚŰɟŬ Kalman (Nagai et al., 2008).  

 

1.4 ɀɖ ȺˊŬɜŭɟɤɛɏɜŬ ȺɜŬɏɟɘŬ ɃɢɐɛŬŰŬ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŰŬ ɀɖ ŮˊŬɜŭɟɤɛɏɜŬ ȺɜŬɏɟɘŬ ɃɢɐɛŬŰŬ 

(UAV, UAS) ŮűŬɟɛɧɕɞɜŰŬɘ ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

ɏɟŮɡɜŬ əŬɘ Űɘɠ ŮűŬɟɛɞɔɏɠ Űɤɜ ɀɖɢŬɜɘəɩɜ. ɈˊŮɟŰŮɟɞɨɜ ɏɜŬɜŰɘ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛŮɗɧŭɤɜ 

ɢŬɟŰɞɔɟɎűɖůɖɠ ɚɧɔɤ Űɖɠ ŰŬɢɨŰɖŰɎɠ ůŰɞɡɠ ůŰɖɜ ŬˊɞŰɨˊɤůɖ, Űɖɜ ŮɡəɞɚɑŬ Űɞɡɠ ɜŬ ŮˊɘɢŮɘɟɞɨɜ 

ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ŬɜɎɔɚɡűɞ ɔɟɐɔɞɟŬ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ əŬɗɩɠ əŬɘ Űɞ ɢŬɛɖɚɧ əɧůŰɞɠ Űɞɡɠ 

(ŬɔɞɟɎ, ůɡɜŰɐɟɖůɖ, ɚŮɘŰɞɡɟɔɑŬ). ɄɚŮɞɜɏəŰɖɛŬ ˊɞɡ ŰŬ əŬɗɘůŰɎ ŮɝŬɘɟŮŰɘəɎ ŬɜŰŬɔɤɜɘůŰɘəɎ ůŮ 

ůɢɏůɖ ɛŮ Űɘɠ ůɡɛɓŬŰɘəɏɠ ˊɚŬŰűɧɟɛŮɠ ɇɖɚŮˊɘůəɧˊɖůɖɠ ŮɑɜŬɘ ɖ ŮɡɢɏɟŮɘŬ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ 
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ɞˊɞɘɞɡŭɐˊɞŰŮ ŬɘůɗɖŰɐɟŬ əŬɘ ɖ ɚɐɣɖ ˊɞɚɡűŬůɛŬŰɘəɩɜ ï ɗŮɟɛɘəɩɜ ŬəɧɛŬ əŬɘ 

ɡˊŮɟűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɎɛŮůɞ ɢɟɧɜɞ əŬɘ ɛŮ ŮɚɎɢɘůŰɞ əɧůŰɞɠ.   

 

1.4.1 ȾŬŰɖɔɞɟɑŮɠ ɀɖ ȺˊŬɜŭɟɤɛɏɜɤɜ ȺɜŬɏɟɘɤɜ ɀɏůɤɜ 

ȷɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Űɞɡ ɞɢɐɛŬŰɞɠ ŬɚɚɎ əŬɘ Űɞ Ůɑŭɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟɞɩɗɖůɖɠ, ŰŬ ɀɖ 

ȺˊŬɜŭɟɤɛɏɜŬ ȺɜŬɏɟɘŬ ɃɢɐɛŬŰŬ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ əŬŰɖɔɞɟɑŮɠ: 

¶ ȷŮɟɞˊɚɎɜŬ: ɞɢɐɛŬŰŬ ůŰŬɗŮɟɩɜ ˊŰŮɟɨɔɤɜ ůŮ ˊɞɘəɑɚŮɠ ŭɘŬůŰɎůŮɘɠ əŬɘ Űɨˊɞɡ əŬɡůɑɛɞɡ. 

ȼ ŭɘɎůŰŬůɖ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ ˊŰɏɟɡɔŬɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Ŭˊɧ 50 cm ɏɤɠ əŬɘ ɛŮɟɘəɎ ɛɏŰɟŬ. 

ȼ əɘɜɖŰɐɟɘŬ ŭɨɜŬɛɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɖɚŮəŰɟɘəɧɠ əɘɜɖŰɐɟŬɠ ŮɑŰŮ əɘɜɖŰɐɟŬɠ 

ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ. ɇŬ ŬŮɟɞůəɎűɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŮűŬɟɛɞɔɏɠ 

ɢŬɟŰɞɔɟɎűɖůɖɠ ůɡɜɐɗɤɠ ŮɑɜŬɘ ɖɚŮəŰɟɘəɎ, ɛˊɞɟɞɨɜ ɜŬ ŮɝɞˊɚɘůŰɞɨɜ ɛŮ əɎɗŮ Ůɑŭɞɡɠ 

ŬɘůɗɖŰɐɟŬ ɇɖɚŮˊɘůəɧˊɖůɖɠ (ˊɎɜŰŬ ůɨɛűɤɜŬ ɛŮ ŰŬ ɧɟɘŬ ɛɎɕŬɠ Ŭɜɨɣɤůɖɠ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ) əŬɘ ɛˊɞɟɞɨɜ ɜŬ əŬɚɨɣɞɡɜ ŮəŰɎůŮɘɠ Ŭˊɧ 1 ɏɤɠ əŬɘ 15 ŰŮŰɟŬɔɤɜɘəɎ 

ɢɘɚɘɧɛŮŰɟŬ ůŮ ɛɑŬ ˊŰɐůɖ. ɀŮɘɞɜɏəŰɖɛŬ Űɞɡɠ Űɞ ɡɣɖɚɧ əɧůŰɞɠ, ɖ ŭɡůəɞɚɑŬ ɢŮɘɟɘůɛɞɨ 

əŬɘ ɖ ŬˊŬɑŰɖůɖ ŭɘŬŭɟɧɛɞɡ Ŭˊɧ/ˊɟɞůɔŮɑɤůɖɠ (ɆɢɐɛŬ 1.1).  

¶ ɄɞɚɡəɧˊŰŮɟŬ: ɞɢɐɛŬŰŬ əɘɜɞɨɛŮɜɤɜ ˊŰŮɟɨɔɤɜ ɛŮ ˊɞɚɚŬˊɚɞɨɠ ɓɟŬɢɑɞɜŮɠ ůŰɐɟɘɝɖɠ 

əɘɜɖŰɐɟɤɜ. ɇŬ ɞɢɐɛŬŰŬ ŬɡŰɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŰŮůůɎɟɤɜ, ɏɝɘ, ɞəŰɩ əɞə. ůŰɟɞűŮɑɤɜ ɛŮ 

ŭɡɜŬŰɧŰɖŰŬ Ŭɜɨɣɤůɖɠ ɛŮɔŬɚɨŰŮɟɞɡ ɓɎɟɞɡɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡɠ, ůŮ ůɢɏůɖ 

ɛŮ ŰŬ ŬŮɟɞˊɚɎɜŬ. ȿŮɘŰɞɡɟɔɞɨɜ ɛŮ ɖɚŮəŰɟɘəɞɨɠ əɘɜɖŰɐɟŮɠ ŰɟɞűɞŭɞŰɞɨɛŮɜɞɘ Ŭˊɧ 

ŮˊŬɜŬűɞɟŰɘɕɧɛŮɜŮɠ ɛˊŬŰŬɟɑŮɠ. ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŮɝɞˊɚɘůŰɞɨɜ 

ɛŮ ŭɘɎűɞɟɞɡɠ ŬɘůɗɖŰɐɟŮɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ, Ůɜɩ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɧ/ˊɟɞůɔŮɘɩɜɞɜŰŬɘ 

əɎɗŮŰŬ (Vertical Take off and Landing ï VTOL). ɀŮɘɞɜɏəŰɖɛŬ Űɞɡɠ ɞ ɛɘəɟɧɠ ɢɟɧɜɞɠ 

ˊŰɐůɖɠ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 10-20 ɚŮˊŰɩɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɖɠ 

ɢŬɟŰɞɔɟŬűɞɨɛŮɜɖɠ ɏəŰŬůɖɠ ˊŮɟɑˊɞɡ 100-300 ůŰɟɏɛɛŬŰŬ (ɆɢɐɛŬ 1.2). 

¶ ȺɚɘəɧˊŰŮɟŬ: ɞɢɐɛŬŰŬ əɘɜɞɨɛŮɜɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊŰŮɟɨɔɤɜ ůɢɐɛŬŰɞɠ ůɡɛɓŬŰɘəɩɜ 

ŮɚɘəɞˊŰɏɟɤɜ. ɇŬ ŮɚɘəɧˊŰŮɟŬ ɏɢɞɡɜ ŭɡɜŬŰɧŰɖŰŬ Ŭɜɨɣɤůɖɠ ɛŮɔŬɚɨŰŮɟɞɡ ɓɎɟɞɡɠ ůŮ 

ůɢɏůɖ ɛŮ ŰŬ ˊɞɚɡəɧˊŰŮɟŬ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ əɘɜɖŰɐɟŬ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ ɐ 

ɖɚŮəŰɟɘəɧ. ɀˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ űɏɟɞɡɜ ɞˊɞɘŬůŭɐˊɞŰŮ ɛɞɟűɐɠ ŰɖɚŮˊɘůəɞˊɘəɧ 

ŬɘůɗɖŰɐɟŬ əŬɘ ɖ Ŭˊɧ/ˊɟɞůɔŮɑɤůɖ Űɞɡɠ ɔɑɜŮŰŬɘ əɎɗŮŰŬ ɞɛɞɑɤɠ ɛŮ ŰŬ ˊɞɚɡəɧˊŰŮɟŬ 

(VTOL). ȼ ŭɘɎɟəŮɘŬ ˊŰɐůɖɠ Űɞɡɠ ŮɑɜŬɘ Ŭɡɝɖɛɏɜɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ Űɖɠ 

ŰɎɝɖɠ Űɤɜ 30-70 ɚŮˊŰɩɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɢŬɟŰɞɔɟŬűɐůɞɡɜ ŮəŰɎůŮɘɠ 

Ɏɜɤ Űɤɜ 300 ůŰɟŮɛɛɎŰɤɜ ɏɤɠ ɛŮɟɘəɩɜ ŰŮŰɟŬɔɤɜɘəɩɜ ɢɘɚɘɞɛɏŰɟɤɜ. ɀŮɘɞɜŮəŰɐɛŬŰŬ 

Űɞɡɠ ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ, ɞ ŭɨůəɞɚɞɠ ɢŮɘɟɘůɛɧɠ əŬɗɩɠ əŬɘ Űɞ ɡɣɖɚɧ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ 

əŬɘ ůɡɜŰɐɟɖůɖɠ (ɆɢɐɛŬ 1.3). 
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ʅ˔ʺ˃ʰ 1.1 - ɳʽˁˈ˄ʰ ɮʶˊˇˋˁʱ˒ˇˎˌ UAS ̱ ʹˌ ʶˍʰʽˊʶʾʰˌ UCANDRONE IKE. 

 

 
ʅ˔ʺ˃ʰ 1.2 - ɳʽˁˈ˄ʰ ʃˇ˂ˎˁˇˉˍʷˊˇˎ UAS ̱ ʹˌ ʶˍʰʽˊʶʾʰˌ DJI. 

 

 
ʅ˔ʺ˃ʰ 1.3 - ɳʽˁˈ˄ʰ ɳ˂ʽˁˇˉˍʷˊˇˎ UAS ̱ ʹˌ ʶˍʰʽˊʶʾʰˌ Velos Rotors LLC. 
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1.4.2 ɁɞɛɞɗŮůɑŬ 

ȷˊɧ 1ɖ ȽŬɜɞɡŬɟɑɞɡ 2017, ɘůɢɨŮɘ ɜɞɛɘəɧ ˊɚŬɑůɘɞ ˊɞɡ ŮɑɜŬɘ ŭɖɛɞůɘŮɡɛɏɜɞ ůŰɞ ūȺȾ  ɇŮɨɢɞɠ ȸô 

3152/30.09.2016 ɔɘŬ Űɞɜ ȾŬɜɞɜɘůɛɧ ï ɔŮɜɘəɧ ˊɚŬɑůɘɞ ˊŰɐůŮɤɜ ɆɡůŰɖɛɎŰɤɜ ɛɖ 

ȺˊŬɜŭɟɤɛɏɜɤɜ ȷŮɟɞůəŬűɩɜ ï ɆɛɖȺȷ (Unmanned Aircraft Systems ï UAS). ɀŮ Űɞɜ 

ůɡɔəŮəɟɘɛɏɜɞ əŬɜɞɜɘůɛɧ əŬɗɞɟɑɕɞɜŰŬɘ ɞɘ ɧɟɞɘ əŬɘ ɞɘ ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ ˊŰɐůŮɤɜ 

UAS ůŰɞɜ ɢɩɟɞ Űɞɡ ATHINAI FIR / HELLAS UIR.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɜɞɛɞɗŮůɑŬ ŭɘŬɢɤɟɑɕŮɘ Űɘɠ əŬŰɖɔɞɟɑŮɠ çȷŮɟɞɛɞɜŰɏɚŬè əŬɘ çɀɖ 

ȺˊŬɜŭɟɤɛɏɜŬ ɆɡůŰɐɛŬŰŬè əŬɘ ŬɜŬűɏɟŮɘ Űɘɠ ŮˊɘɢŮɘɟɖůɘŬəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ 

ŰŬ ŰŮɚŮɡŰŬɑŬ. ɇŬ ɆɖɛɖȺȷ ɢɤɟɑɕɞɜŰŬɘ ůŮ əŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ŬəɧɚɞɡɗŬ əɟɘŰɐɟɘŬ: 

¶ ɀɏɔɘůŰɖ ɛɎɕŬ ŬˊɞɔŮɑɤůɖɠ (Maximum Takeoff Mass ï MTOM) 

¶ Ⱥɑŭɞɠ Űɖɠ ɢɟɐůɖɠ 

¶ ȴɣɞɠ ɎɜɤɗŮɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɔɖɠ ɐ Űɖɠ ɗɎɚŬůůŬɠ ɧˊɞɡ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ɑˊŰŬɜŰŬɘ 

¶ ɄŮɟɘɞɢɏɠ (ŬˊɞəɚŮɘůŰɘəɏɠ ɐ ɛɖ) ɧˊɞɡ ɑˊŰŬɜŰŬɘ  

¶ ɇŮɢɜɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ŮəɎůŰɞɡ ɆɛɖȺȷ 

¶ ɄɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊŰɖŰɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɆɛɖȺȷ. 

ȰŰůɘ, ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ŰŬ ˊŬɟŬˊɎɜɤ, ɞɘ əŬŰɖɔɞɟɑŮɠ ɆɛɖȺȷ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

1. ȼ çŬɜɞɘɢŰɐ əŬŰɖɔɞɟɑŬ (UAS Open Category)  

2. ȼ çŮɘŭɘəɐè əŬŰɖɔɞɟɑŬ (UAS Specific Category)  

3. ȼ çˊɘůŰɞˊɞɘɖɛɏɜɖè əŬŰɖɔɞɟɑŬ (UAS Certified Category) 

Ƀɘ ɎŭŮɘŮɠ Űɤɜ ɢŮɘɟɘůŰɩɜ ɆɛɖȺȷ, ŮəŭɑŭɞɜŰŬɘ Ŭˊɧ Űɖɜ ɈˊɖɟŮůɑŬ ɄɞɚɘŰɘəɐɠ ȷŮɟɞˊɞɟɑŬɠ ɛŮŰɎ 

Űɖɜ ŮˊɘŰɡɢɐ ˊŬɟŬəɞɚɞɨɗɖůɖ ŮəˊŬɑŭŮɡůɖɠ (ɗŮɤɟɖŰɘəɐɠ əŬɘ ˊɟŬəŰɘəɐɠ) Ŭˊɧ ˊɘůŰɞˊɞɘɖɛɏɜŬ 

əɏɜŰɟŬ ŮəˊŬɑŭŮɡůɖɠ. Ƀɘ ɎŭŮɘŮɠ ŬɡŰɏɠ ɢɤɟɑɕɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ  ɛɏɔɘůŰɖ ɛɎɕŬ ŬˊɞɔŮɑɤůɐɠ Űɤɜ 

ɆɡůŰɖɛɎŰɤɜ ɛɖ ȺˊŬɜŭɟɤɛɏɜɤɜ ȷŮɟɞůəŬűɩɜ ɤɠ Ůɝɐɠ: 

 ȾŬɔɖɔɞɟɑŬ ȷ ï UAS Pilot A: ɀɏɢɟɘ 1 kg 

 ȾŬŰɖɔɞɟɑŬ ȸ ï UAS Pilot B: ȷˊɧ 1 kg ɏɤɠ 4 kg 

 ȾŬŰɖɔɞɟɑŬ C ï UAS Pilot C: ȷˊɧ 4 kg ɏɤɠ 25 kg 

 ȾŬŰɖɔɞɟɑŬ D ï UAS Pilot D: ȷˊɧ 25 kg ɏɤɠ 150 kg 

 ȾŬŰɖɔɞɟɑŬ Ⱥ ï UAS Pilot E: ȷˊɧ 150 kg əŬɘ ˊɎɜɤ 

 

1.4.3 ɄŮɟɘɞɢɏɠ ŬˊŬɔɧɟŮɡůɖɠ ˊŰɐůŮɤɜ ɆɛɖȺȷ 

ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ˊŰɐůŮɤɜ ɆɛɖȺȷ, Űɤɜ ˊŬɟŬəɎŰɤ ˊŮɟɘɞɢɩɜ ŬˊŬɘŰŮɑŰŬɘ Ůɘŭɘəɐ ɎŭŮɘŬ 

Ŭˊɧ Űɖɜ ɈɄȷ/ȹ4 əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ əŬŰɎ ɚɧɔɞ ŬɟɛɞŭɘɧŰɖŰŬɠ ȹɖɛɧůɘŬ ɈˊɖɟŮůɑŬ.  

1. ɆŮ ŬˊŬɔɞɟŮɡɛɏɜŮɠ, ˊŮɟɘɞɟɘůɛɏɜŮɠ, ŮˊɘəɑɜŭɡɜŮɠ əŬɘ ŭŮůɛŮɡɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ŬɡŰɏɠ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɘɠ ˊɎůɖɠ űɨůŮɤɠ ŬŮɟɞɜŬɡŰɘəɏɠ ŮəŭɧůŮɘɠ Űɖɠ ɈɄȷ 

2. ɆŮ ɨɣɞɠ ɛŮɔŬɚɨŰŮɟɞ Űɤɜ ŰŮŰɟŬəɞůɑɤɜ ˊɞŭɩɜ (400 ft) Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ 

ɐ Űɞɡ ɨŭŬŰɞɠ 
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3. ɆŮ ŬˊɧůŰŬůɖ ɛɘəɟɧŰŮɟɖ Űɤɜ ɞəŰɩ ɢɘɚɘɞɛɏŰɟɤɜ ï ˊɏɜŰŮ ɜŬɡŰɘəɩɜ ɛɘɚɑɤɜ (8 km) Ŭˊɧ 

ŮɚŮɔɢɧɛŮɜɞ ŬŮɟɞŭɟɧɛɘɞ, ˊŮŭɑɞ ˊɟɞůɔŮɘɩůŮɤɠ əŬɘ Ůɚɘəɞŭɟɧɛɘɞ  

4. ȯɜɤɗŮɜ, ˊɚɖůɑɞɜ ɐ ŮɜŰɧɠ Űɖɠ ˊɎůɖɠ űɨůŮɤɠ ůŰɟŬŰɘɤŰɘəɩɜ ˊŮɟɘɞɢɩɜ / 

ȺɔəŬŰŬůŰɎůŮɤɜ, əŬɘ ɕɤŰɘəɩɜ ɡˊɞŭɞɛɩɜ 

5. ȺɜŰɧɠ ůŰɟŬŰɘɤŰɘəɩɜ ɐ ˊɞɚɘŰɘəɩɜ ŬŮɟɞŭɟɞɛɑɤɜ əŬɘ Ůɚɘəɞŭɟɞɛɑɤɜ 

6. ȯɜɤɗŮɜ ɐ ˊɚɖůɑɞɜ ŮɔəŬŰŬůŰɎůŮɤɜ əɞɘɜɐɠ ɤűɏɚŮɘŬɠ  

7. ȯɜɤɗŮɜ ɐ ˊɚɖůɑɞɜ ŬɟɢŬɘɞɚɞɔɘəɩɜ ɢɩɟɤɜ  

8. ɆŮ ˊŮɟɘɞɢɏɠ ˊŮɟɘɓŬɚɚɞɜŰɞɚɞɔɘəɐɠ ˊɟɞůŰŬůɑŬɠ  
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2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ŬɟɢɘəɎ ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ ůŰɞ ɀɖ ŮˊŬɜŭɟɤɛɏɜɞ ȺɜŬɏɟɘɞ ȳɢɖɛŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɗɩɠ əŬɘ ůŰɞ ůɨůŰɖɛŬ ůŰŬɗŮɟɞˊɞɑɖůɖɠ ŬɘůɗɖŰɐɟɤɜ. ɇɞ əŮűɎɚŬɘɞ 

ůɡɜŮɢɑɕŮŰŬɘ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ůɢŮŭɘŬůɛɞɨ Űɤɜ ˊŰɐůŮɤɜ əŬŰŬɔɟŬűɐɠ, Űɖ ůɡɚɚɞɔɐ əŬɘ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɗŬ ɞɚɞəɚɖɟɤɗŮɑ ɛŮ Űɖɜ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ 

ɚɞɔɘůɛɘəɧ GIS.  

 

2.1 UAS ï ɄɞɚɡəɧˊŰŮɟɞ 

ũɘŬ Űɘɠ ˊŰɐůŮɘɠ əŬŰŬɔɟŬűɐɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ 

ˊɞɚɡəɧˊŰŮɟɞ Űɖɠ ŮŰŬɘɟŮɑŬɠ UcanDrone IKE. ȼ ůɡɔəŮəɟɘɛɏɜɖ ˊɚŬŰűɧɟɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 8 

ɓɟŬɢɑɞɜŮɠ ůŮ ůŮɘɟɎ əŬɘ ŮɑɜŬɘ Űɨˊɞɡ ɞɢŰŬəɧˊŰŮɟɞɡ (octa-copter). ȰɢŮɘ əŬŰŬůəŮɡŬůŰŮɑ Ŭˊɧ Űɖɜ 

ŮŰŬɘɟŮɑŬ ŬˊɞəɚŮɘůŰɘəɎ ɔɘŬ ˊŰɐůŮɘɠ ɢŬɟŰɞɔɟɎűɖůɖɠ ɛŮ ŭɡɜŬŰɧŰɖŰŬ Ŭɜɨɣɤůɖɠ ɤűɏɚɘɛɞɡ 

ɓɎɟɞɡɠ ɏɤɠ əŬɘ 4 kg, Ůɜɩ ɖ ɛɏɔɘůŰɖ ŭɘɎɟəŮɘŬ ˊŰɐůɖɠ Űɖɠ ŮɑɜŬɘ ŰŬ 25 min. ȼ Ůˊɘɚɞɔɐ Űɖɠ 

ŭɘŬɛɧɟűɤůɖɠ ɛŮ 8 ɏɚɘəŮɠ ˊɚŮɞɜŮəŰŮɑ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬůűɎɚŮɘŬ ˊɞɡ ˊɟɞůűɏɟŮɘ əŬŰɎ Űɖɜ ˊŰɐůɖ 

əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ɘŭɘɧŰɖŰɎ Űɞɡ ɜŬ ˊɟɞůɔŮɘɩɜŮŰŬɘ ɛŮ ŬůűɎɚŮɘŬ ůŮ ˊŮɟɑˊŰɤůɖ ŬůŰɞɢɑŬɠ 

ɏɤɠ əŬɘ 2 ɖɚŮəŰɟɘəɩɜ əɘɜɖŰɐɟɤɜ. ȹɘŬɗɏŰŮɘ ŬɡŰɧɛŬŰɞ ˊɘɚɧŰɞ Űɞɡ ŬɛŮɟɘəɎɜɘəɞɡ ɞɑəɞɡ 

ProfiCNC əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɞɜ Pixhawk 2 ɛŮ ŭɘˊɚɧ ůɨůŰɖɛŬ ŮɜŰɞˊɘůɛɞɨ ɗɏůɖɠ (GPS), Ůə 

Űɤɜ ɞˊɞɑɤɜ Űɞ ɏɜŬ ŮɑɜŬɘ ŰŮɢɜɞɚɞɔɑŬɠ RTK (Real ï time Kinematic).  

ɇɞ ůɨůŰɖɛŬ Űɞ ŬɡŰɧɛŬŰɞɡ ˊɘɚɧŰɞɡ ŮɑɜŬɘ ŬɜɞɘɢŰɞɨ ɡɚɘəɧ ï ɚɞɔɘůɛɘəɞɨ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞ 

ɢɟɐůŰɖɠ (operator) ɜŬ ɏɢŮɘ ˊɟɧůɓŬůɖ ůŮ ɧɚɞɡɠ Űɞɡɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ əɩŭɘəŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

əŬɘ ɜŬ ˊɟɞůɗɏůŮɘ ï ŬűŬɘɟɏůŮɘ ɞˊɞɘɞɜŭɐˊɞŰŮ ŬɘůɗɖŰɐɟŬ ŮˊɘɗɡɛŮɑ, ŬɜɎɚɞɔŬ ˊɎɜŰŬ ɛŮ ŰŬ 

ˊɟɤŰɧəɞɚɚŬ ŮˊɘəɞɘɜɤɜɑŬɠ ˊɞɡ ŭɘŬɗɏŰŮɘ.  

Ƀ Pixhawk 2 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ əŮɜŰɟɘəɐ ˊɚŬəɏŰŬ ï carrier board, ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ ɔɑɜŮŰŬɘ 

ɖ ůɨɜŭŮůɖ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ ɡˊɞ-ůɡůŰɐɛŬŰŬ Űɞɡ ůəɎűɞɡɠ, əŬɘ ɏɜŬɜ əɨɓɞ (cube), ɞ ɞˊɞɑɞɠ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ ɓŬůɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ɔɘŬ Űɖɜ ˊɚɞɐɔɖůɖ Űɞɡ ŬŮɟɞůəɎűɞɡɠ ɛɞɜɤɛɏɜɞɡɠ Ŭˊɧ 

ŮɝɤŰŮɟɘəɏɠ ˊɖɔɏɠ ˊŬɟŮɛɓɞɚɩɜ əŬɘ ŬˊɧŰɞɛɤɜ ɛŮŰŬɓɞɚɩɜ ɗŮɟɛɞəɟŬůɑŬɠ. Ƀɘ ŬɘůɗɖŰɐɟŮɠ ŬɡŰɞɑ 

ɚŮɘŰɞɡɟɔɞɨɜ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ əɎˊɞɘɞɠ ŬůŰɞɢɐůŮɘ, ŬɡŰɧɛŬŰŬ 

ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ əŬɘ ůɡɜŮɢɑɕɞɡɜ ɞɘ ŮɜŬˊɞɛŮɑɜŬɜŰŮɠ.  

Ƀɘ ŬɘůɗɖŰɐɟŮɠ ŬɡŰɞɑ ŮɑɜŬɘ: 

¶ ɇɟŮɑɠ ˊɡɝɑŭŮɠ (Compass) 
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¶ ɇɟɑŬ ŮˊɘŰŬɢɡɜůɘɧɛŮŰɟŬ (Accelerometer) 

¶ ɇɟɑŬ ɔɡɟɞůəɧˊɘŬ (Gyro) 

¶ ɇɟɑŬ ȸŬɟɧɛŮŰɟŬ (Barometer) 

 
ʅ˔ʺ˃ʰ 2.1 - ɳʽˁˈ˄ʰ ˉˇˎ ʰˉʶʽˁˇ˄ʾʸʶʽ ˍˇ˄ ʰˎˍˈ˃ʰˍˇ ˉʽ˂ˈˍˇ ˍˇˎ ˉˇ˂ˎˁˈˉˍʶˊˇˎ ˁʰˍʰʴˊʰ˒ʺˌ 

 

ɆŰɖɜ ɗɏůɖ Űɞɡ ˊɟɤŰŮɨɞɜŰɞɠ GPS Űɞɡ ŬɡŰɧɛŬŰɞɡ ˊɘɚɧŰɞɡ ɏɢŮɘ ůɡɜŭŮɗŮɑ Űɞ ɞ əɘɜɞɨɛŮɜɞɠ ŭɏəŰɖɠ 

(Rover Module) Űɞɡ ůɡůŰɐɛŬŰɞɠ RTK GPS ˊɞɡ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ. ɇŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

(ntrip) ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ Űɖɠ ŰɖɚŮɛŮŰɟɑŬɠ ůŰɞɜ ůŰŬɗɛɧ ɓɎůɖɠ (Base Module), Űɞ ɞˊɞɑɞ ɏɢŮɘ 

ŰɞˊɞɗŮŰɖɗŮɑ ůŮ ůɖɛŮɑɞ ɔɜɤůŰɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ. ȼ ɛɏɔɘůŰɖ ůɢŮŰɘəɐ ŬəɟɑɓŮɘŬ ɞɚɧəɚɖɟɞɡ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ŮɜŰɞˊɘůɛɞɨ ɗɏůɖɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɞɡ ŮəŬŰɞůŰɞɨ. ȷɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ɡˊɎɟɢŮɘ 

ůɡɜŭŮŭŮɛɏɜɞɠ əŬɘ ŭŮɡŰŮɟŮɨɞɜ ŭɏəŰɖɠ GPS, ɢŬɛɖɚɧŰŮɟɖɠ ŬəɟɑɓŮɘŬɠ, ɤɠ ŭɘəɚŮɑŭŬ ŬůűŬɚŮɑŬɠ. 

ȼ ŰɖɚŮɛŮŰɟɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬűɏɟŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ˊŰɐůɖɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ (Real 

ï time) ůŰɞɜ ůŰŬɗɛɧ ŮŭɎűɞɡɠ ɛŮ ɟɡɗɛɧ ŬɜŬɜɏɤůɖɠ 50 Hz. ȰŰůɘ, ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ ɧɚɞɘ ɞɘ 

ŬɜŬɔəŬɑɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ŬŮɟɞůəɎűɞɡɠ əŬŰɎ Űɖɜ ˊŰɐůɖ ɢŬɟŰɞɔɟɎűɖůɖɠ, ɧˊɤɠ ɖ əŬŰɎůŰŬůɖ 

Űɖɠ ɛˊŬŰŬɟɑŬɠ, ɖ ɗɏůɖ Űɞɡ ůŰɞɜ ɢɎɟŰɖ, ɞɘ ɗɏůŮɘɠ ɚɐɣŮɤɠ Űɤɜ Ůɘəɧɜɤɜ əŬɘ Ɏɚɚɞɘ ɢɟɐůɘɛɞɘ 

ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ŬŮɟɞůəɎűɞɡɠ. Ƀ ɢŮɘɟɘůŰɐɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞűŬůɑůŮɘ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ Űɖɜ ˊŬɨůɖ 

ɐ Űɖ ɛŬŰŬɑɤůɐɠ Űɖɠ ŬˊɞůŰɞɚɐɠ ŮɎɜ əɟɘɗŮɑ ůəɧˊɘɛɞ. 

ɇɞ ɚɞɔɘůɛɘəɧ ˊŬɟŬəɞɚɞɨɗɖůɖɠ əŬɘ ůɢŮŭɘŬůɛɞɨ Űɤɜ ˊŰɐůŮɤɜ ŮɑɜŬɘ Űɞ Mission Planner, Űɞ 

ɞˊɞɑɞ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ Ŭˊɧ Űɖɜ ɞɛɎŭŬ ɏɟŮɡɜŬɠ əŬɘ ŬɜɎˊŰɡɝɖɠ Űɞɡ ArduPilot. ȷˊɞŰŮɚŮɑ əŬɘ ŬɡŰɧ 

ŬɜɞɘɢŰɞɨ əɩŭɘəŬ (open source) ɚɞɔɘůɛɘəɧ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɜɖɛŮɟɩůŮɘɠ (updates) ůŮ 

ůɡɢɜɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Ŭˊɧ Űɞɡɠ ŭɖɛɘɞɡɟɔɞɨɠ Űɞɡ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɚɞɔɘůɛɘəɧ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŬɕɑ ɛŮ ɎɚɚŬ ɧˊɤɠ Apm Planner, Tower, QGroundControl ůŮ ˊɚŬŰűɧɟɛŮɠ 

ɓŬůɘůɛɏɜŮɠ ůŰɞɜ əɩŭɘəŬ ArduPilot ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ŮɜŬɏɟɘŬ ɛɏůŬ (ŬŮɟɞˊɚɎɜŬ, 

ŮɚɘəɧˊŰŮɟŬ, ˊɞɚɡəɧˊŰŮɟŬ), ŮɑŰŮ ŮŭɎűɞɡɠ (Rover, ɇracker) ŮɑŰŮ ŬəɧɛŬ əŬɘ ɗŬɚɎůůɘŬ ï 

ɡˊɞɗŬɚɎůůɘŬ (Boat, UnderWater Rovs). 

 

2.2 ūŬůɛŬŰɘəɞɑ ɇɖɚŮˊɘůəɞˊɘəɞɑ ȷɘůɗɖŰɐɟŮɠ 

ũɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŰɐůŮɤɜ əŬŰŬɔɟŬűɐɠ əŬɘ Űɖ ůɡɚɚɞɔɐ ɢɤɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɘɎűɞɟɞɘ ŬɘůɗɖŰɐɟŮɠ ɇɖɚŮˊɘůəɧˊɖůɖɠ. ȽŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ŭɧɗɖəŮ ůŮ 
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ŬɘůɗɖŰɐɟŮɠ ɛŮ ɡɣɖɚɐ űŬůɛŬŰɘəɐ ŬɜɎɚɡůɖ ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜ ˊɟɧəɚɖůɖ ɚɧɔɤ Űɤɜ ɘŭɘŬɑŰŮɟɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ əŬɘ Űɤɜ ˊɞɘəɑɚɤɜ ŮűŬɟɛɞɔɩɜ Ŭɝɘɞˊɞɑɖůɐɠ Űɞɡɠ. ɆŰɘɠ ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ 

ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞɡɠ ŬɘůɗɖŰɐɟŮɠ əŬɘ ŰŬ Ůˊɘɛɏɟɞɡɠ Űɞɡɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ.  

 

2.2.1 ɈˊŮɟűŬůɛŬŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ ï Headwall VNIR 

ȼ ŬɛŮɟɘəɎɜɘəɖ ŮŰŬɘɟŮɑŬ HeadWall Photonics, əŬŰŬůəŮɡɎɕŮɘ ɡˊŮɟűŬůɛŬŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ 

ŭɘŬűɧɟɤɜ ˊŮɟɘɞɢɩɜ Űɞɡ ȼ/ɀ űɎůɛŬŰɞɠ, ɔɘŬ ɀɖ ŮˊŬɜŭɟɤɛɏɜŬ ɆɡůŰɐɛŬŰŬ əŬɘ ŭɞɟɡűɧɟɞɡɠ. ȼ 

ŮŰŬɘɟŮɑŬ ůŰɞɢŮɨŮɘ ůŰɖɜ əŬŰŬůəŮɡɐ ɞˊŰɘəɩɜ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ əŬɘ əŬɚɨˊŰŮɘ ŮűŬɟɛɞɔɏɠ 

ŰɖɚŮˊɘůəɧˊɖůɖɠ, ˊɟɞɢɤɟɖɛɏɜɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɧɟŬůɖɠ, ɘŬŰɟɘəɐɠ-ɓɘɞŰŮɢɜɞɚɞɔɑŬɠ əŬɗɩɠ əŬɘ 

ŬɛɡɜŰɘəɏɠ.  

Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ ŬɘůɗɖŰɐɟŬɠ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ũŮɤɟɔɑŬɠ ȷəɟɘɓŮɑŬɠ. ȺɑɜŬɘ 

ŮɡŬɑůɗɖŰɞɠ ůŮ űɎůɛŬ ɛŮ Ůɨɟɞɠ Ŭˊɧ Űɞ ɞɟŬŰɧ ɏɤɠ əŬɘ əɞɜŰɘɜɧ ɡˊɏɟɡɗɟɞ (400-1000nm), ŮɑɜŬɘ 

ŰŮɢɜɞɚɞɔɑŬɠ PushBroom / Line Scanning əŬɘ ŭɘŬɗɏŰŮɘ 328 űŬůɛŬŰɘəɎ əŬɜɎɚɘŬ. ũɘŬ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɖɚŮəŰɟɞɜɘəɧɠ ɡˊɞɚɞɔɘůŰɐɠ ɛŮ Űɞɜ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ ɛɏůɤ 

ˊɚŬəɏŰŬɠ PCI əŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ ůəɚɖɟɧ ŭɑůəɞ ŰŮɢɜɞɚɞɔɑŬɠ 

SSD.  

ɄɎɜɤ ůŰɞɜ ŬɘůɗɖŰɐɟŬ ɏɢŮɘ ŰɞˊɞɗŮŰɖɗŮɑ ŬŭɟŬɜŮɘŬəɧ ůɨůŰɖɛŬ (IMU) əŬɘ ŮɝɤŰŮɟɘəɧɠ ŭɏəŰɖɠ 

ŮɜŰɞˊɘůɛɞɨ ɗɏůɖɠ (GPS), ŰŬ ɞˊɞɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɜ əɨɟɘɞ ɡˊɞɚɞɔɘůŰɐ. ɇɞ ɚɞɔɘůɛɘəɧ 

HeadWall SpectralView Űɖɠ əŬŰŬůəŮɡɎůŰɟɘŬɠ ŮŰŬɘɟŮɑŬɠ, ůɡůɢŮŰɑɕŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɧɚŬ ŰŬ 

ɡˊɞ-ůɡůŰɐɛŬŰŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ɚɐɣɖɠ Űɞɡ ŬɘůɗɖŰɐɟŬ əŬɘ ŮˊɘɚɨɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮ ůəɞˊɧ 

Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ɞɟɗɞɛɤůŬɥəɩɜ. ȷəɞɚɞɨɗɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɖ ŮɘəɧɜŬ Űɞɡ ŬɘůɗɖŰɐɟŬ (ɆɢɐɛŬ 

2.2) əŬɗɩɠ əŬɘ ŰŬ ŰŮɢɜɘəɎ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ (ɄɑɜŬəŬɠ 2.1). 

 
ʅ˔ʺ˃ʰ 2.2 - ɳʽˁˈ˄ʰ ˍˇˎ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ ʰʽˋʻʹˍʺˊʰ HEADWALL VNIR. 

 



2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ 

ůŮɚ. 12 

 

ʃʾ˄ʰˁʰˌ 2.1 - ʆʶ˔˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ ʰʽˋʻʹˍʺˊʰ HEADWALL VNIR. 

Parameter Result Units 

Spectrometer Platform 
Micro_Hyperspec_VNIR 

A1 ï Series 
NA 

Selected Camera CCD, 1004x1004, 50 fps NA 

Dispersion / Pixel 1.85 nm/Pixel 

Entrance Slit Width 25 ɛm 

FWHM of Slit Image 4.0 nm 

Focal Length of chosen fore-

optic 
17.0 mm 

Distance To Scene 300.0 meters 

Linear FOV Along Slit Length 131.80 meters 

Per Pixel IFOV 0.13 meter 

Along Track Linear IFOV 

(across slit width) 
441.2 mm 

Scene @ Infinity Infinity  NA 

Angular FOV Along Slit 

Length 
24.65 deg 

Angular Per Pixel IFOV 0.44 mrad 

Angular Along Track Linear 

IFOV (across slit width) 
1.47 mrad 

 

2.2.2 ɄɞɚɡűŬůɛŬŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ ï Parrot Sequoia NIR 

Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ ŬɘůɗɖŰɐɟŬɠ ɏɢŮɘ əŬŰŬůəŮɡŬůŰŮɑ Ŭˊɧ Űɞɜ ŮŰŬɘɟŮɑŬ Parrot Drone SAS əŬɘ ɖ 

ɢɟɐůɖ ůɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ŮűŬɟɛɞɔɏɠ ɔŮɤɟɔɑŬɠ ŬəɟɘɓŮɑŬɠ. ȿɧɔɤ Űɞɡ ɛɘəɟɞɨ Űɖɠ ɛŮɔɏɗɞɡɠ əŬɘ 

ɓɎɟɞɡɠ ɛˊɞɟŮɑ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŮ ŬɟəŮŰɩɜ Ůɘŭɩɜ ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ ůɡůŰɐɛŬŰŬ ɧˊɤɠ 

ŬŮɟɞˊɚɎɜŬ, ŮɚɘəɧˊŰŮɟŬ, ˊɞɚɡəɧˊŰŮɟŬ ŭɘŬűɧɟɤɜ əŬŰŬůəŮɡŬůŰɩɜ.  

ȹɘŬɗɏŰŮɘ 4 ɝŮɢɤɟɘůŰɎ űŬůɛŬŰɘəɎ əŬɜɎɚɘŬ, Green (550 BP 40), Red (660 BP 40), Red Edge 

(735 BP 10) əŬɘ Near Infrared (790 BP 40) ŰŮɢɜɞɚɞɔɑŬɠ Global Shutter, əŬɗɩɠ əŬɘ ɏɜŬɜ 

ŬɜŮɝɎɟŰɖŰɞ ŬɘůɗɖŰɐɟŬ RGB ŰŮɢɜɞɚɞɔɑŬɠ Rolling Shutter. ȼ əɎɛŮɟŬ ůɡɜŭɏŮŰŬɘ ɛɏůɤ əŬɚɤŭɑɞɡ 

ɛŮ Űɞɜ ŬɘůɗɖŰɐɟŬ űɤŰɞɛɏŰɟɞɡ, ɞ ɞˊɞɑɞɠ ŮəŰɧɠ Ŭˊɧ Űɞɡɠ 4 ŬɘůɗɖŰɐɟŮɠ ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ 

Űɤɜ ŰŮůůɎɟɤɜ əŬɜŬɚɘɩɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮˊɘˊɟɧůɗŮŰŬ ŭɏəŰɖ GPS, ŬŭɟŬɜŮɘŬəɧ ůɨůŰɖɛŬ IMU 

əŬɗɩɠ əŬɘ ɡˊɞŭɞɢɐ əɎɟŰŬɠ ɛɜɐɛɖɠ.   
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ʅ˔ʺ˃ʰ 2.3 - ɳʽˁˈ˄ʰ ̱ ˇˎ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁˇˏ h ʽˋʻʹˍʺˊʰ Parrot Sequoia NIR. (ʃʹʴʺ: www.parrot.com Drones SAS. 
Assessed: 10/5/2018). 

 

ʃʾ˄ʰˁʰˌ 2.2 - ʆʶ˔˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁˇˏ ʰʽˋʻʹˍʺˊʰ Parrot Sequoia NIR. (ʃʹʴʺ: 
www.parrot.com Parrot Drones SAS. Assessed: 10/5/2018). 

16 MP RGB Camera 
1.2 MP Global Shutter 

Single-Band Cameras 

Dimensions & 

Characteristics 

Definition: 4608x3456 pixels Definition: 1280x960 pixels 59mm X 41mm X 28mm 

HFOV: 69.9o HFOV: 61.9o 72gr 

VFOV: 50.1o VFOV: 48.5o Up to 1 fps 

DFOV: 73.5o DFOV: 73.7o 64 GB Built-in Storage 

 

2.2.3 ŪŮɟɛɘəɧɠ ŬɘůɗɖŰɐɟŬɠ Flir Vue Pro 

O ɗŮɟɛɘəɧɠ ŬɘůɗɖŰɐɟŬɠ Flir  Vue Pro ɏɢŮɘ əŬŰŬůəŮɡŬůŰŮɑ Ŭˊɧ Űɖɜ ŬɛŮɟɘəɎɜɘəɖ ŮŰŬɘɟŮɑŬ FLIR 

Systems Inc. Ƀ ŬɘůɗɖŰɐɟŬɠ ŬɜŬˊŰɨɢɗɖəŮ ŬˊɞəɚŮɘůŰɘəɎ ɔɘŬ ɢɟɐůɖ ůŮ ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ 

ůɡůŰɐɛŬŰŬ, Űɞ ɞˊɞɑɞ űŬɜŮɟɩɜŮŰŬɘ Ŭˊɧ ŰŬ űɡůɘəɎ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ. Ⱥˊɑůɖɠ ɏɢŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ŮˊɘəɞɘɜɤɜɑŬɠ ɛŮ ˊɟɤŰɧəɞɚɚŬ ñMAVLINKò ŬɚɚɎ əŬɘ ɏɚŮɔɢɞɠ ɛɏůɤ ˊŬɚɛɞɨ 

(PWM), ŰŬ ɞˊɞɑŬ ŭɘŬɗɏŰɞɡɜ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ůɡůŰɐɛŬŰŬ UAS. Ƀ ŬɘůɗɖŰɐɟŬɠ, ŭɘŬɗɏŰŮɘ 

ůɡɔəŮəɟɘɛɏɜɞ ɚɞɔɘůɛɘəɧ (ɢɟɐůɖ ɛɏůɤ əɘɜɖŰɞɨ ɐ tablet) ɛŮ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɞ ɢɟɐůŰɖɠ ɜŬ 

ŮɚɏɔɝŮɘ ɐ ŰɟɞˊɞˊɞɘɐůŮɘ ɧɚɞɡɠ Űɞɡɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ŬɘůɗɖŰɐɟŬ. Ⱥˊɑůɖɠ, ɡˊɎɟɢŮɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ŬɡŰɧɛŬŰɖ ɚɐɣɖ Ůɘəɧɜɤɜ ŬɜɎ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, ɞɘ ɞˊɞɑŮɠ 

ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ůŮ əɎɟŰŬ ɛɜɐɛɖɠ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ. ȷɝɑɕŮɘ ɜŬ 

ůɖɛŮɘɤɗŮɑ ɧŰɘ ɡˊɎɟɢŮɘ ɖ Ůˊɘɚɞɔɐ Ŭˊɧŭɞůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ůŰɖɜ əɎɗŮ ŮɘəɧɜŬ ɚɐɣɖɠ, 

ɚŬɛɓɎɜɞɜŰŬɠ əŬɘ ůɡůɢŮŰɑɕɞɜŰŬɠ Űɘɠ ɗɏůŮɘɠ ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ Ŭˊɧ Űɞɜ ŬɡŰɧɛŬŰɞ ˊɘɚɧŰɞ Űɞɡ 

ŬŮɟɞůəɎűɞɡɠ.  

http://www.parrot.com/
http://www.parrot.com/
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ʅ˔ʺ˃ʰ 2.4 - ɳʽˁˈ˄ʰ ̱ ˇˎ ɸʶˊ˃ʽˁˇˏ ʰʽˋʻʹˍʺˊʰ Flir Vue Pro. (ʃʹʴʺ: www.flir.com Flir Systems Inc. Assessed: 
10/5/2018). 

 

ʃʾ˄ʰˁʰˌ 2.3 - ʃʾ˄ʰˁʰˌ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎ ɸʶˊ˃ʽˁˇˏ ʰʽˋʻʹˍʺˊʰ CƭƛǊ ±ǳŜ tǊƻΦ όʃʹʴʺΥ www.flir.com 
Flir Systems Inc. Assessed: 10/5/2018). 

Precision Mounting Holes Two M2x0.4 on each of two sides & bottom 

One 1/4-20 threaded hole on top 

Size 2.26" x 1.75" (including lens) 

Spectral Band 7.5 - 13.5 µm 

Thermal Imager Uncooled VOx Microbolometer 

Zoom Yes ï Adjustable in App and via PWM 

Analog Video Output Yes 

Non-Operating Temperature Range -55°C to +95°C 

Operating Temperature Range -20°C to +50°C 

Operational Altitude +40,000 feet 

Color palettes Yes ï Adjustable in App and via PWM 

Full Frame Rate 7.5 Hz (NTSC); 8.3 Hz (PAL) 

Image Optimization for sUAS Yes 

Invertable Image Yes ï Adjustable in App 

Lens Options 9 mm; 69° × 56° 

Scene Presets & Image Processing Yes ï Adjustable in App 

Sensor Resolution 640 × 512 

Lens Options [FOV for NTSC Analog Output] 9 mm: 62° × 49° 

HDMI Output 1280x720 @ 50hz, 60hz 

 

2.3 ȸɎůɖ ɆŰŬɗŮɟɞˊɞɑɖůɖɠ ɈˊŮɟűŬůɛŬŰɘəɞɨ ŬɘůɗɖŰɐɟŬ ï Brushless Gimbal 

ȿɧɔɤ Űɖɠ ˊɞɚɨˊɚɞəɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɡˊŮɟűŬůɛŬŰɘəɩɜ ŬɘůɗɖŰɐɟɤɜ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ 

əŬŰŬůəŮɡɐ Ůɘŭɘəɐɠ ɓɎůɖɠ ůŰɐɟɘɝɖɠ ˊɎɜɤ ůŰɘɠ ŮɜŬɏɟɘŮɠ ˊɚŬŰűɧɟɛŮɠ ŰɖɚŮˊɘůəɧˊɖůɖɠ. ȼ ɓɎůɖ 

ŬɡŰɐ ŬűŮɜɧɠ ɗŬ ůŰɖɟɑɕŮɘ ɛŮ ŬůűɎɚŮɘŬ Űɞɜ ŬɘůɗɖŰɐɟŬ ˊɎɜɤ ůŰɞ ŬŮɟɞůəɎűɞɠ, ŬűŮŰɏɟɞɡ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞɠ ɞ ɛɖɢŬɜɘůɛɧɠ ůŰŬɗŮɟɞˊɞɑɖůɖɠ Űɞɡ ŬɘůɗɖŰɐɟŬ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊŰɐůŮɤɠ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɧɚŮɠ ɞɘ ŮɜŬɏɟɘŮɠ ˊɚŬŰűɧɟɛŮɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊŰɐůɖɠ ɛˊɞɟɞɨɜ ɜŬ 

ɏɢɞɡɜ ŬˊɞəɚɑůŮɘɠ Űɖɠ ŰɟɞɢɘɎɠ Űɞɡɠ ɤɠ ˊɟɞɠ Űɞɡɠ ŰɟŮɘɠ ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ Űɞɡɠ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ: 

¶ Roll  

http://www.flir.com/
http://www.flir.com/
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¶ Pitch 

¶ Yaw 

 
ʅ˔ʺ˃ʰ 2.5 - ʁʽ ˍˊʶʾˌ ʲʰʻ˃ˇʾ ʶ˂ʶˎʻʶˊʾʰˌ ʶ˄ˈˌ ɳ˄ʰʷˊʽˇˎ ʅˎˋˍʺ˃ʰˍˇˌΦ 

 

Ƀɘ ŭɘɎűɞɟŮɠ ŭɞəɘɛɏɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɛŮ ɡˊŮɟűŬůɛŬŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ Űɨˊɞɡ 

PushBroom / Line Scanning, ɏŭŮɘɝŬɜ ɧŰɘ ɖ ˊŬɟŬɛɘəɟɐ Ŭˊɧəɚɘůɖ ůŮ ɞˊɞɘɞɜŭɐˊɞŰŮ Ŭˊɧ Űɞɡɠ 

ŰɟŮɘɠ ˊŬɟŬˊɎɜɤ ɎɝɞɜŮɠ ŬɚɚɞɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ɔɟŬɛɛɐ ůɎɟɤůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ɛˊɞɟɞɨɜ ɜŬ ŭɘɞɟɗɤɗɞɨɜ əŬɘ ɜŬ ůɡůɢŮŰɘůɗɞɨɜ ůŰɖ ůɡɜɏɢŮɘŬ. ȼ ŰŮɢɜɞɚɞɔɑŬ 

PushBroom ɏɜŬɜŰɘ Űɞɡ ůɡɜɖɗɘůɛɏɜɞɡ Global Shutter, ˊɞɡ ɏɢɞɡɜ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

űɤŰɞɔɟŬűɘəɏɠ ɛɖɢŬɜɏɠ ɚŬɛɓɎɜŮɘ Űɖɜ ŮɘəɧɜŬ ůŬɟɩɜɞɜŰŬɠ Űɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ əŬŰɎ ɛɐəɞɠ Űɞ 

ɞɞ́ɑɞ ŮɑɜŬɘ əɎɗŮŰɞ ůŰɞɜ ɎɝɞɜŬ ˊŰɐůɖɠ. ȰŰůɘ ɚɞɘˊɧɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɎɟɤůɖɠ ŬɡŰɐɠ, 

ɞˊɞɘŬŭɐˊɞŰŮ ɔɤɜɑŬ Űɞɡ ŬɘůɗɖŰɐɟŬ (Pitch, Roll, Yaw) ŬɚɚɞɘɩɜŮɘ ɔŮɤɛŮŰɟɘəɎ Űɖɜ ɔɟŬɛɛɐ Űɖɠ 

ůɎɟɤůɖɠ.  

 
ʅ˔ʺ˃ʰ 2.6 - ɲʽʰʵʽˁʰˋʾʰ ̀ ʱˊ˖ˋʹˌ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ h ʽˋʻʹˍʺˊʰ. (ʃʹʴʺ: Headwall photonics, Inc USA. Assessed: 

15/5/2018). 

 

ȼ ɓɎůɖ ůŰɐɟɘɝɖɠ ˊɞɡ ˊɟɞɦˊɐɟɢŮ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɇɖɚŮˊɘůəɧˊɖůɖɠ Űɖɠ Ɇɢɞɚɐɠ ȷɇɀ Űɞɡ 

ȺɀɄ, ɐŰŬɜ ˊŬɚŬɘɧŰŮɟɖɠ ŰŮɢɜɞɚɞɔɑŬɠ (əɑɜɖůɖ ɛŮ ůŮɟɓɞɛɖɢŬɜɘůɛɞɨɠ) ɡůŰŮɟɞɨůŮ əŬŰɎ ˊɞɚɨ 
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ůŰɖɜ ŬəɟɑɓŮɘŬ əŬɘ ŰŬɢɨŰɖŰŬ ŭɘɧɟɗɤůɖɠ Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɞɡ ɈˊŮɟűŬůɛŬŰɘəɞɨ 

ŬɘůɗɖŰɐɟŬ əŬɗɩɠ Ůˊɑůɖɠ ɕɨɔɘɕŮ ˊŮɟɘůůɧŰŮɟɞ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡˊɎɟɢŮɘ ɛŮɘɤɛɏɜɖ ŭɘɎɟəŮɘŬ 

ˊŰɐůɖɠ Űɞɡ UAV. 

ȰŰůɘ ɚɞɘˊɧɜ, ůɢŮŭɘɎůŰɖəŮ əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ ɖ ɜɏŬ ɓɎůɖ ůŰɐɟɘɝɖɠ Űɞɡ ɈˊŮɟűŬůɛŬŰɘəɞɨ 

ŬɘůɗɖŰɐɟŬ, ŰŮɢɜɞɚɞɔɑŬɠ Brushless Gimbal.  ȼ ɓɎůɖ ŬɡŰɐ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɜ ůəŮɚŮŰɧ 

ŬɜɗɟŬəɞɜɐɛŬŰɞɠ (frame) ɔɘŬ ɛŮɑɤůɖ Űɞɡ ɓɎɟɞɡɠ əŬɘ Ŭɨɝɖůɖ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ, Űɞɡɠ ŭɡɞ 

ŰɟɘűŬůɘəɞɨɠ ɖɚŮəŰɟɘəɞɨɠ əɘɜɖŰɐɟŮɠ (ɏɜŬɠ ɔɘŬ əɎɗŮ ɓŬɗɛɧ ŮɚŮɡɗŮɟɑŬɠ Pitch, Roll) əŬɘ Űɖ 

ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ ɖ ɞˊɞɑŬ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ŭɡɞ ŬɜŮɝɎɟŰɖŰŬ ŬŭɟŬɜŮɘŬəɎ ůɡůŰɐɛŬŰŬ (Inertial 

Measurement Unit ï IMU). 

ȷűɞɨ ůɡɜŬɟɛɞɚɞɔɐɗɖəŮ ɞ ůəŮɚŮŰɧɠ (ɆɢɐɛŬ 2.7), ˊɟɞůŬɟɛɧůŰɖəŬɜ ɞɘ ɖɚŮəŰɟɘəɞɑ əɘɜɖŰɐɟŮɠ 

əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɖ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ (ɆɢɐɛŬŰŬ 2.8, 2.9). ɆŮɘɟɎ ŮɑɢŮ ɖ ŰɞˊɞɗɏŰɖůɖ Űɞɡ 

ɈˊŮɟűŬůɛŬŰɘəɞɨ ŬɘůɗɖŰɐɟŬ ˊɎɜɤ ůŰɖ ɓɎůɖ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ, ůɢŮŭɘɎůŰɖəŬɜ əŬɘ 

əŬŰŬůəŮɡɎůŰɖəŬɜ Ůɘŭɘəɞɑ ˊɟɞůŬɟɛɞɔŮɑɠ (adaptors), ɩůŰŮ ɜŬ ůɡɛˊɑˊŰŮɘ Űɞ əɏɜŰɟɞ ɛɎɕŬɠ Űɞɡ 

ŬɘůɗɖŰɐɟŬ ůŰɞ əɏɜŰɟɞ Űɤɜ Ŭɝɧɜɤɜ əɑɜɖůɖɠ Űɖɠ ɓɎůɖɠ (ůɖɛŮɑɞ Űɞɛɐɠ Ŭɝɧɜɤɜ ɖɚŮəŰɟɘəɩɜ 

əɘɜɖŰɐɟɤɜ). ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ɖ ůɖɛŬɜŰɘəɧŰŮɟɖ ɧɚɤɜ, əŬɗɩɠ Ŭɜ ŭŮɜ ɡˊɎɟɢŮɘ 

ŬˊɧɚɡŰɖ ŰŬɨŰɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ůɖɛŮɑɤɜ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɖ 

ɟɨɗɛɘůɖ əŬɘ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ Űɖ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ. 

 
ʅ˔ʺ˃ʰ 2.7 - ʅˁʶ˂ʶˍˈˌ ʰ˄ʰʻˊʰˁˇ˄ʺ˃ʰˍˇˌ ˍʹˌ ˄ʷʰˌ ʲʱˋʹˌ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ˍˇˎ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ ʰʽˋʻʹˍʺˊʰΦ 
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ʅ˔ʺ˃ʰ 2.8 - ɶ˂ʶˁˍˊʽˁˈˌ ˍˊʽ˒ʰˋʽˁˈˌ ˁʽ˄ʹˍʺˊʰˌ ʲʱˋʹˌ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ ʰʽˋʻʹˍʺˊʰΦ 

 

 
ʅ˔ʺ˃ʰ 2.9 - ɾˇ˄ʱʵʰ ʶ˂ʷʴ˔ˇˎ ʲʱˋʹˌ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ ʰʽˋʻʹˍʺˊʰΦ 

 

ɇɏɚɞɠ, ɏɔɘɜŮ ɖ ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ ɔɡɟɞůəɞˊɑɤɜ əŬɘ Űɤɜ ŮˊɘŰŬɢɡɜůɘɞɛɏŰɟɤɜ Űɖɠ ɛɞɜɎŭŬɠ 

Ůɚɏɔɢɞɡ ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ Űɖɠ əŬɘ ɖ ɟɨɗɛɘůɖ əŬɘ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ PIDs 

ɔɘŬ Űɖ ɓɏɚŰɘůŰɖ ŭɡɜŬŰɐ ŬəɟɑɓŮɘŬ ï ŰŬɢɨŰɖŰŬ ŭɘɧɟɗɤůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ 

ɈˊŮɟűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ.   

ȰŰůɘ ɚɞɘˊɧɜ ɞˊɞɘŬŭɐˊɞŰŮ ɔɤɜɑŬ ůŮ ɞˊɞɘɞɜŭɐˊɞŰŮ ɓŬɗɛɧ ŮɚŮɡɗŮɟɑŬɠ əɘ Ŭɜ ɚɎɓŮɘ Űɞ ŬŮɟɞůəɎűɞɠ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ əŬŰŬɔɟŬűɐɠ, ɞ ɡˊŮɟűŬůɛŬŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ ɗŬ ɏɢŮɘ ˊɎɜŰŬ əŬŰŬəɧɟɡűɞ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ (ɆɢɐɛŬ 2.10). 

ɀŮŰɎ Űɘɠ ůŰŬŰɘəɏɠ ŭɞəɘɛɏɠ Űɖɠ ɓɎůɖɠ əŬɘ Űɞɡ ŬɘůɗɖŰɐɟŬ, ɝŮəɑɜɖůŬɜ ɞɘ ˊŰɖŰɘəɏɠ ŭɞəɘɛɏɠ ɩůŰŮ 

ɜŬ ŮˊɘɓŮɓŬɘɤɗŮɑ ɧŰɘ ɚŬɛɓɎɜɞɜŰŬɘ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘɚɡɗɞɨɜ ůŰɖ ůɡɜɏɢŮɘŬ əŬɘ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛŮ ŬɝɘɞˊɘůŰɑŬ ůŰɖɜ ŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ 

ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ.  
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ʅ˔ʺ˃ʰ 2.10 - ʆʶ˂ʽˁʺ ʶʽˁˈ˄ʰ ˉ˂ʰˍ˒ˈˊ˃ʰˌ UAS ˃ ʶ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇ ˍˇ˄ ʇˉʶˊ˒˃ʰˋ˃ʰˍʽˁˈ ʰʽˋʻʹˍʺˊʰ ˉʱ˄˖ ˋˍʹ ʲʱˋʹ 

ˋˍʰʻʶˊˇˉˇʾʹˋʹˌΦ 

 

2.4 Ɇɡɚɚɞɔɐ ȹŮŭɞɛɏɜɤɜ 

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɖ ŭɘŬŭɘəŬůɑŬ ůɢŮŭɘŬůɛɞɨ Űɤɜ ˊŰɐůŮɤɜ əŬŰŬɔɟŬűɐɠ ɔɘŬ 

Űɖ ůɡɚɚɞɔɐ Űɖɠ ɢɤɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. ȼ ˊŮɟɘɞɢɐ ŬɡŰɐ, ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ 

ɛŬɟɑɜŮɠ Űɞɡ ȹɐɛɞɡ ũɚɡűɎŭŬɠ ůŰɞɜ ɜɞɛɧ ȷŰŰɘəɐɠ. ȼ ˊŮɟɘɞɢɐ ŬɡŰɐ ŮˊɘɚɏɢɗɖəŮ ŬűŮɜɧɠ ŭɘɧŰɘ 

ŬˊɞŰŮɚŮɑ ŬůűŬɚɏɠ ɛɏɟɞɠ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ ˊŰɐůŮɤɜ ɛŮ UAS, ŬűŮŰɏɟɞɡ ˊŬɟɞɡůɘɎɕŮɘ   ˊɞɚɚŬˊɚɎ 

ŭɘŬűɞɟŮŰɘəɎ ɡɚɘəɎ / əŬŰɖɔɞɟɑŮɠ əɎɚɡɣɖɠ ɧˊɤɠ ɓɚɎůŰɖůɖ, ɏŭŬűɞɠ, ɗɎɚŬůůŬ, ůəɎűɖ, ɎůűŬɚŰɞ 

ə.Ŭ. ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɗŬ ɔɑɜŮɘ ˊɟɞůˊɎɗŮɘŬ ŬɜɎɚɡůɖɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ŬɡŰɩɜ ɡɚɘəɩɜ Ŭˊɧ Űɖ ɢŬɟŰɞɔɟɎűɖůɖ ɛŮ  ŭɘŬűɞɟŮŰɘəɞɨɠ 

ŬɘůɗɖŰɐɟŮɠ, əŬɗɩɠ əŬɘ ůŰɘɠ ˊɞɘəɑɚŮɠ ɛŮɗɧŭɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ. ɇɞ ɚɞɔɘůɛɘəɧ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞ ůŰɎŭɘɞ ŬɡŰɧ ɐŰŬɜ Űɞ Mission Planner, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ůŰɞɜ 

əɩŭɘəŬ Űɞɡ ardupilot əŬɘ ŮɑɜŬɘ ůɡɛɓŬŰɧ ɛŮ Űɖɜ ˊɚŬŰűɧɟɛŬ əŬŰŬɔɟŬűɐɠ. 

 

2.4.1 ɄŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 

ȷɟɢɘəɧ ůŰɎŭɘɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ůɢŮŭɘŬůɛɞɨ, ŬˊɞŰŮɚŮɑ ɖ ɞɟɘɞɗɏŰɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ɛɏůɤ 

Űɞɡ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ. ȰŰůɘ ɚɞɘˊɧɜ, ůŰɖɜ əŬɟŰɏɚŬ flight plan ŮˊɘɚɏɔŮŰŬɘ 

ɞ ůɢŮŭɘŬůɛɧɠ ˊɞɚɡɔɩɜɞɡ ˊɎɜɤ ůŮ ɡˊɧɓŬɗɟɞ google earth (ɆɢɐɛŬ 2.11).  
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ʅ˔ʺ˃ʰ 2.11 - ʃˇ˂ˏʴ˖˄ˇ ˇˊʽˇʻʷˍʹˋʹˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ɛɏůɤ Űɞɡ ŮɟɔŬɚŮɑɞɡ Auto WP əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮˊɘɚɏɔɞɜŰŬɠ Űɞ Survey (GRID) 

ŮɛűŬɜɑɕŮŰŬɘ Űɞ ˊŬɟɎɗɡɟɞ Űɖɠ ůɢŮŰɘəɐɠ Ůˊɘɚɞɔɐɠ. ɆŰɞ ˊŬɟɎɗɡɟɞ ŬɡŰɧ, ɞ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊɘɚɏɝŮɘ Űɞ Ůɑŭɞɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬɘůɗɖŰɐɟŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ůŰɖɜ əŬŰŬɔɟŬűɐ, Űɞ ɨɣɞɠ əŬɘ Űɘɠ ŰŬɢɨŰɖŰŮɠ ˊŰɐůɖɠ əŬɗɩɠ əŬɘ Űɘɠ ŮˊɘɗɡɛɖŰɏɠ ŮˊɘəŬɚɨɣŮɘɠ əŬŰɎ 

Űɘɠ ɔɟŬɛɛɏɠ ˊŰɐůɖɠ Űɧůɞ ůŮ əŬŰɎ ɛɐəɞɠ (overlap) ɧůɞ əŬɘ əŬŰɎ ˊɚɎŰɞɠ (sidelap). ȰŰůɘ ɚɞɘˊɧɜ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰɟŮɘɠ ˊŰɐůŮɘɠ əŬŰŬɔɟŬűɐɠ ɛɘŬ ɔɘŬ əɎɗŮ ŰɖɚŮˊɘůəɞˊɘəɧ ŬɘůɗɖŰɐɟŬ. ɀŮ Űɖɜ 

ŮűŬɟɛɞɔɐ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑɤɜ Űɞ ɚɞɔɘůɛɘəɧ ŮɛűŬɜɑɕŮɘ Űɞɜ ŰŮɚɘəɧ ůɢŮŭɘŬůɛɧ Űɤɜ 

ˊŰɐůŮɤɜ əŬŰŬɔɟŬűɐɠ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŰɐůɖɠ ɜŬ ŬɜŬɔɟɎűɞɜŰŬɘ əɎŰɤ ůŮ Ůɘŭɘəɐ 

ɚŮɕɎɜŰŬ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɏəŰŬůɖ ɢŬɟŰɞɔɟŬűɞɨɛŮɜɖɠ ˊŮɟɘɞɢɐɠ, ɛɏɔŮɗɞɠ ŮŭŬűɞɣɖűɑŭŬɠ 

(Ground Resolution), Ŭɟɘɗɛɧ Ůɘəɧɜɤɜ ˊɞɡ ɗŬ ɚɖűɗɞɨɜ, ɢɟɧɜɞɠ ˊŰɐůɖɠ ə.Ŭ. 

ɇɞ ŰŮɚɘəɧ ůŰɎŭɘɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ůɢŮŭɘŬůɛɞɨ ˊŮɟɘɚŬɛɓɎɜŮɘ ɚŮˊŰɞɛŮɟɐ ɏɚŮɔɢɞ Űɖɠ ɚɑůŰŬɠ Űɤɜ 

ˊɟɞəŬɗɞɟɘůɛɏɜɤɜ ůɖɛŮɑɤɜ (waypoints) ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ůɢŮŭɘŬůɛɧ ůŰɞɜ 

ɢɎɟŰɖ, ɩůŰŮ ɜŬ ŭɘŬůűŬɚɘůŰɞɨɜ ŰŬ ůɤůŰɎ ɨɣɖ əŬɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ ˊŰɐůɖɠ, əŬɗɩɠ əŬɘ ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ˊŮŭɑɤɜ ŬɡŰɧɛŬŰɖɠ ŬˊɞɔŮɑɤůɖɠ əŬɘ ˊɟɞůɔŮɑɤůɖɠ. ɀŮŰɎ Űɞɜ ɏɚŮɔɢɞ, 

ˊɟɞɤɗŮɑŰŬɘ Űɞ ůɢɏŭɘɞ ůŰɞɜ ŬɡŰɧɛŬŰɞ ˊɘɚɧŰɞɡ Űɞɡ UAS ɛɏůɤ Űɖɠ ŬůɨɟɛŬŰɖɠ ɛŮŰɎŭɞůɖɠ 

ŰɖɚŮɛŮŰɟɑŬɠ.  

 

2.4.2 ɆɢŮŭɘŬůɛɧɠ əŬɘ ɄŬɟɎɛŮŰɟɞɘ ɄŰɐůɖɠ ɔɘŬ Űɞɜ ɄɞɚɡűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ 

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ɏɔɘɜŮ ɞ ůɢŮŭɘŬůɛɧɠ Űɤɜ ˊŰɐůŮɤɜ ɢŬɟŰɞɔɟɎűɖůɖɠ 

ɔɘŬ Űɖ ůɡɚɚɞɔɐ Űɤɜ ˊɞɚɡűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ɢɟɐůɖ Űɞɡ ŬɘůɗɖŰɐɟŬ Parrot Sequoia. Ƀ 

ůɡɔəŮəɟɘɛɏɜɞɠ ŬɘůɗɖŰɐɟŬɠ ɧˊɤɠ ˊɟɞŬɜŬűɏɟŬɛŮ ŭɘŬɗɏŰŮɘ 4 ŬɜŮɝɎɟŰɖŰŬ űŬůɛŬŰɘəɎ əŬɜɎɚɘŬ 

global shutter Green, Red, Redge, NIR ŰŮɢɜɞɚɞɔɑŬɠ çəɚŮɑůŰɟɞɡè global shutter əŬɗɩɠ əŬɘ ɏɜŬ 

RGB əŬɜɎɚɘ ɛŮ rolling shutter. ȰŰůɘ ɚɞɘˊɧɜ ɞ ůɢŮŭɘŬůɛɧɠ ɏɔɘɜŮ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ ŰŬ 4 
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ɛɞɜɞɢɟɤɛŬŰɘəɎ əŬɜɎɚɘŬ Űɞɡ ŬɘůɗɖŰɐɟŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ˊŬɑɕɞɡɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ 

ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ əŬŰŬɔɟŬűɐ.  

ɇɞ ɨɣɞɠ ˊŰɐůɖɠ ɔɘŬ Űɖ ɢŬɟŰɞɔɟɎűɖůɖ ŬɡŰɐ, ŰɏɗɖəŮ ůŰŬ 80 m AGL (Above Ground Level), ɛŮ 

ŰŬɢɨŰɖŰŬ ˊŰɐůɖɠ ůŰŬ 5 m/s (ɆɢɐɛŬ 2.12). ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ůɡɔəŮəɟɘɛɏɜɖ ŰŬɢɨŰɖŰŬ 

ɏɢŮɘ ˊɟɞəɨɣŮɘ ɏˊŮɘŰŬ Ŭˊɧ ˊɞɚɚɏɠ ɩɟŮɠ ŭɞəɘɛɩɜ ůŰɞ ˊŮŭɑɞ əŬɘ ŬˊɞŰŮɚŮɑ Űɖ ɓɏɚŰɘůŰɖ ɔɘŬ Űɞɜ 

ůɡɜŭɡŬůɛɧ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ˊɚŬŰűɧɟɛŬɠ ï ŬɘůɗɖŰɐɟŬ. Ƀɘ ŮˊɘəŬɚɨɣŮɘɠ Űɤɜ Ůɘəɧɜɤɜ 

ɞɟɑůŰɖəŬɜ 70% overlap (ɗŮɤɟɖŰɘəɐ) əŬɘ 70% sidelap, ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ ŮɜŭŮŭŮɘɔɛɏɜŬ 

ˊɞůɞůŰɎ ŮˊɘəɎɚɡɣɖɠ ɔɘŬ Űɞɜ ŬɘůɗɖŰɐɟŬ əŬɘ Űɞ űɤŰɞɔɟŬɛɛŮŰɟɘəɧ ɚɞɔɘůɛɘəɧ ˊɞɡ ɗŬ ŮˊɘɚɨůŮɘ 

ŰŬ ŭŮŭɞɛɏɜŬ ůŰɖ ůɡɜɏɢŮɘŬ.  

 

ʅ˔ʺ˃ʰ 2.12 - ɳʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ ˁʰˍʰʴˊʰ˒ʺΦ 

 

ɀɎɚɘůŰŬ, ɖ overlap ˊɟŬɔɛŬŰɘəɐ ŮˊɘəɎɚɡɣɖ ɗŬ ŮɑɜŬɘ ůŬűɩɠ ɛŮɔŬɚɨŰŮɟɖ əŬɗɩɠ Űɞ ɚɞɔɘůɛɘəɧ 

ɡˊɞɚɞɔɑɕŮɘ ɚɐɣɖ ŮɘəɧɜŬɠ ŬɜɎ 4,34 sec Ůɜɩ ɞ ɢɟɞɜɞŭɘŬəɧˊŰɖɠ ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ ɞɟɑůŰɖəŮ ůŰŬ 

3 sec ůŰɞɜ ˊɞɚɡűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ ɔɘŬ ˊŮɟɘůůɧŰŮɟɖ ŬůűɎɚŮɘŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. Ⱥˊɞɛɏɜɤɠ 

ŬɜŬɛɏɜŮŰŬɘ əŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Ŭɟɘɗɛɧɠ Ůɘəɧɜɤɜ Ŭˊɧ Űɘɠ 81 ˊɞɡ ŬɜŬűɏɟŮɘ Űɞ ɚɞɔɘůɛɘəɧ.  

ɇɏɚɞɠ ɞɟɑůŰɖəŬɜ ŰŬ ůɖɛŮɑŬ Ŭˊɧ / ˊɟɞůɔŮɑɤůɖɠ Űɞɡ UAV ůŰɞ ˊŮŭɑɞ əŬɗɩɠ əŬɘ Űɞ ůɖɛŮɑɞ 

ɏɜŬɟɝɖɠ Űɖɠ ɢŬɟŰɞɔɟɎűɖůɖɠ. ɇɞ ŰŮɚɘəɧ ůɢɏŭɘɞ ˊŰɐůŮɤɠ əŬɗɩɠ əŬɘ ɖ ɚɑůŰŬ ɛŮ ŰŬ 

ˊɟɞəŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ űŬɑɜɞɜŰŬɘ ůŰŬ ůɢɐɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ (ɆɢɐɛŬŰŬ  2.13, 2.14).  
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ʅ˔ʺ˃ʰ 2.13 - ʅ˔ʷʵʽˇ ˉˍʺˋʹˌ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

 

 

ʅ˔ʺ˃ʰ 2.14 - ɽʾˋˍʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄˖˄ ˋʹ˃ʶʾ˖˄ ʴʽʰ ˍʹ˄ ˉˍʺˋʹ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 
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2.4.3 ɆɢŮŭɘŬůɛɧɠ əŬɘ ɄŬɟɎɛŮŰɟɞɘ ɄŰɐůɖɠ ɔɘŬ Űɞɜ ŪŮɟɛɘəɧ ŬɘůɗɖŰɐɟŬ 

ȳɛɞɘŬ ŭɘŬŭɘəŬůɑŬ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ˊŰɐůɖ əŬŰŬɔɟŬűɐɠ Űɖɠ ůɡɚɚɞɔɐ Űɤɜ ɗŮɟɛɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ɛŮ Űɞɜ ŬɘůɗɖŰɐɟŬ Flir  Vur Pro UAS. ȴɣɞɠ ˊŰɐůɖɠ ˊŬɟɏɛŮɘɜŮ ůŰŬ 80 m AGL əŬɘ ɖ 

ŰŬɢɨŰɖŰŬ ɞɛɞɑɤɠ ůŰŬ 5 m/s (ɆɢɐɛŬ 2.15). Ⱥˊɑůɖɠ ŭɘŬŰɖɟɐɗɖəŬɜ ɞɘ ɑŭɘŮɠ ŮˊɘəŬɚɨɣŮɘɠ ůŰŬ 70% 

overlap əŬɘ 70% sidelap ˊɎɚɘ, ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ ůŰɞ overlap ɗŬ ŮˊɘŰŮɡɢɗŮɑ ŬɟəŮŰɎ ɡɣɖɚɧŰŮɟɖ 

ŮˊɘəɎɚɡɣɖ ɚɧɔɤ Űɖɠ ůɖɛŬɜŰɘəɎ ŰŬɢɨŰŮɟɖɠ əŬŰŬɔɟŬűɐɠ frame ŬɜɎ 2 sec ɏɜŬɜŰɘ 4,64 sec ˊɞɡ 

ɡˊɞɚɞɔɑɕŮɘ Űɞ ɚɞɔɘůɛɘəɧ ɔɘŬ Űɖɜ ŬůűɎɚŮɘŬ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ŭŮŭɞɛɏɜɤɜ.  

 

ʅ˔ʺ˃ʰ 2.15 - ɳʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʹ ɸʶˊ˃ʽˁʺ ˁʰˍʰʴˊʰ˒ʺΦ 

 

ȷəɞɚɞɨɗɤɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Űɞ ŰŮɚɘəɧ ůɢɏŭɘɞ ˊŰɐůŮɤɠ (ɆɢɐɛŬ 2.16), Űɞ ɞˊɞɑɞ ɞɛɞɘɎɕŮɘ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ (ɆɢɐɛŬ 2.13), əŬɗɩɠ əŬɘ ɖ ɚɑůŰŬ ɛŮ ŰŬ ˊɟɞəŬɗɞɟɘůɛɏɜŬ 

ůɖɛŮɑŬ Űɖɠ ˊŰɐůŮɤɠ Ŭűɞɨ ˊɟɩŰŬ ɞɟɑůŰɖəŬɜ ŰŬ ůɖɛŮɑŬ Ŭˊɧ / ˊɟɞůɔŮɑɤůɖɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ˊɟɘɜ 

Űɖɜ ˊŰɐůɖ (ɆɢɐɛŬ 2.17). 



                                                             2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ  

ůŮɚ. 23 

 

 

ʅ˔ʺ˃ʰ 2.16 - ʅ˔ʷʵʽˇ ˉˍʺˋʹˌ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺ ɸʶˊ˃ʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ 

 

 

ʅ˔ʺ˃ʰ 2.17 - ɽʾˋˍʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄˖˄ ˋʹ˃ʶʾ˖˄ ʴʽʰ ˍʹ˄ ˉˍʺˋʹ ɸʶˊ˃ʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄. 
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2.4.4 ɆɢŮŭɘŬůɛɧɠ əŬɘ ɄŬɟɎɛŮŰɟɞɘ ɄŰɐůɖɠ ɔɘŬ Űɞɜ ɈˊŮɟűŬůɛŬŰɘəɧ ȷɘůɗɖŰɐɟŬ 

ũɘŬ Űɖ ůɡɚɚɞɔɐ ɡˊŮɟűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɞɜ ŬɘůɗɖŰɐɟŬ HeadWall Micro-Hyperspec 

VNIR A1, ɖ ɛŮɗɞŭɞɚɞɔɑŬ ůɢŮŭɘŬůɛɞɨ ˊŰɐůŮɤɠ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ůɖɛŬɜŰɘəɎ. ɇɞ ɚɞɔɘůɛɘəɧ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŭŮɜ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ Űɖ ɚɐɣɖ ŰɏŰɞɘɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ŬɘůɗɖŰɐɟŬ ŰŮɢɜɞɚɞɔɑŬɠ 

Pushbroom / Line scanning. ɀŮ ůɡɜɏˊŮɘŬ Űɞ Ůɘŭɘəɧ ŮɟɔŬɚŮɑɞ Survey (GRID) ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ɜŬ ŮɑɜŬɘ ŬɜŬˊɞŰŮɚŮůɛŬŰɘəɧ. ȰŰůɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ ˊŰɐůɖɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ɛɖ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞ Űɟɧˊɞ ŮɘůɎɔɞɜŰŬɠ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ ůŰɞɜ 

ɢɎɟŰɖ ɛŮ Űɘɠ ɡˊɞ-ˊŮɟɘɞɢɏɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ. 

ȰˊŮɘŰŬ Ŭˊɧ ˊɞɚɡɎɟɘɗɛŮɠ ˊŰɖŰɘəɏɠ ŭɞəɘɛɏɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ůɡɜŭɡŬůɛɞɨ ˊɚŬŰűɧɟɛŬɠ ï 

ŬɘůɗɖŰɐɟŬ ɛŮ ɛŮɔɎɚɞ ɧɔəɞ ŬɜŮˊɘŰɡɢɩɜ ŭŮŭɞɛɏɜɤɜ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɞ ɓɏɚŰɘůŰɞɠ Űɟɧˊɞɠ 

ˊŰɐůɖɠ ŮɑɜŬɘ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ůəɏɚɖ ˊŰɐůɖɠ ɛŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɚɘɔɧŰŮɟŮɠ ůŰɟɞűɏɠ. Ⱥˊɞɛɏɜɤɠ, 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 3 ůəɏɚɖ ˊŰɐůɖɠ ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ (ɆɢɐɛŬ 2.18).  

ɇɞ ɓɏɚŰɘůŰɞ ɨɣɞɠ ˊŰɐůɖɠ əŬŰŬɔɟŬűɐɠ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ŬɘůɗɖŰɐɟŬ, ɏˊŮɘŰŬ Ŭˊɧ ɛŮɚɏŰɖ əŬɘ 

ŬɜɎɚɡůɖ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ Űɞɡ əŬŰŬůəŮɡŬůŰɐ ŬɚɚɎ əŬɘ ŮəŰŮɜɩɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɞəɘɛɩɜ ůŰɞ 

ˊŮŭɑɞ ůɖɛŮɘɩɗɖəŮ ůŰŬ 80 m AGL ɛŮ ŰŬɢɨŰɖŰŬ ˊŰɐůɖɠ ůŰŬ 4 m/s. Ⱥˊɑůɖɠ, ŮˊɘɚɏɢɗɖəŮ Űɟɘɔɤɜɘəɧ 

ůɢɐɛŬ ˊŰɐůɖɠ, ŭɘɧŰɘ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůűɎɚɛŬŰŬ ůŰɖɜ Ůˊɑɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖ ůɡɜɏɢŮɘŬ 

Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ Űɖɠ əŬŰŬůəŮɡɎůŰɟɘŬɠ ŮŰŬɘɟŮɑŬɠ, ɧŰŬɜ ɡˊɐɟɢŬɜ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ˊŮɟɘɞɢɏɠ 

ɛɏůŬ ůŰɖɜ ˊŮɟɘɞɢɐ əŬŰŬɔɟŬűɐɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, ˊŮɟɘɞɟɑůŰɖəŮ ɖ ŮˊɘəɎɚɡɣɖ Űɤɜ ˊŮɟɘɞɢɩɜ 

ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŰɐůɖ.  

ɇɏɚɞɠ, ɞɟɑůŰɖəŬɜ ŰŬ ůɖɛŮɑŬ Ŭˊɞ / ˊɟɞůɔŮɑɤůɖɠ Űɞɡ UAV ůŰɞ ˊŮŭɑɞ əŬɘ ɏŰůɘ Űɞ ŰŮɚɘəɧ ůɢɏŭɘɞ 

ˊŰɐůɖɠ (ɆɢɐɛŬ 2.18) əŬɗɩɠ əŬɘ ɖ ɚɑůŰŬ ɛŮ ŰŬ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ůɖɛŮɑŬ (ɆɢɐɛŬ 2.19) űŬɑɜɞɜŰŬɘ 

ˊŬɟŬəɎŰɤ.  
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ʅ˔ʺ˃ʰ 2.19 - ɽʾˋˍʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄˖˄ ˋʹ˃ʶʾ˖˄ ʴʽʰ ˍʹ˄ ˉˍʺˋʹ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

 

2.5 ɄɟɞŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ  

ȷűɞɨ ůɡɚɚɏɢɗɖəŬɜ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɘɠ ˊŰɐůŮɘɠ ɢŬɟŰɞɔɟɎűɖůɖɠ, ŮˊɧɛŮɜɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ɖ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ, ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ŰŮɚɘəɩɜ Ůɘəɧɜɤɜ (ɛɤůŬɥəɩɜ) Űɖɠ ˊŮɟɘɞɢɐɠ 

ɛŮɚɏŰɖɠ ůŮ ɧɚŬ ŰŬ ŭɘŬɗɏůɘɛŬ űɎůɛŬŰŬ əŬŰŬɔɟŬűɐɠ. 

 

2.5.1 ɆɡůɢɏŰɘůɖ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛŮ Űɘɠ ɗɏůŮɘɠ ɚɐɣŮɘɠ 

ȷɟɢɘəɧ ůŰɎŭɘɞ Űɖɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɖ ůɡůɢɏŰɘůɖ Űɤɜ ŰɖɚŮˊɘůəɞˊɘəɩɜ 

Ůɘəɧɜɤɜ ɛŮ Űɘɠ ɗɏůŮɘɠ ɚɐɣŮɘɠ əŬɘ Űɞɜ ŮɝɤŰŮɟɘəɧ Űɞɡɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ Űɖɠ ŮɜŬɏɟɘŬɠ ˊɚŬŰűɧɟɛŬɠ ɛɏůɤ Űɞɡ Ůɘŭɘəɞɨ ŮɟɔŬɚŮɑɞɡ georef images. 

ɆŰɞ ŮɟɔŬɚŮɑɞ ŬɡŰɧ, ŮɘůɎɔŮŰŬɘ Űɞ ŬɟɢŮɑɞ Űɞɡ log Űɞɡ ŬɡŰɧɛŬŰɞɡ ˊɘɚɧŰɞɡ Űɞ ɞˊɞɑɞ əŬŰŬɔɟɎűŮɘ 

Űɘɠ ɗɏůŮɘɠ ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ ɛŮ ɓɎůɖ Űɞ ůɨůŰɖɛŬ GPS ́ ɞɡ ŭɘŬɗɏŰŮɘ. Ⱥˊɑůɖɠ ŭɑɜŮŰŬɘ ɞ űɎəŮɚɞɠ 

ɛŮ Űɘɠ ŮɘəɧɜŮɠ ˊɞɡ ɚɐűɗɖəŬɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Űɞ ɚɞɔɘůɛɘəɧ ɔŮɤŬɜŬűɏɟŮɘ Űɘɠ ŭɘŬɗɏůɘɛŮɠ 

ŮɘəɧɜŮɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɧɜɞ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɗŮɟɛɘəɞɨ ŬɘůɗɖŰɐɟŬ, 

əŬɗɩɠ ɖ ˊɞɚɡűŬůɛŬŰɘəɐ sequoia ŭɘŬɗɏŰŮɘ ŬɜŮɝɎɟŰɖŰɞ ŭɏəŰɖ GPS, ɛŮ ŬˊɞŰɏɚŮůɛŬ əɎɗŮ ŮɘəɧɜŬ 

ˊɞɡ ůɡɚɚɏɔŮŰŬɘ əŬɘ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɖ ɛɜɐɛɖ ɜŬ ɏɢŮɘ ɎɛŮůɖ ɔŮɤŬɜŬűɞɟɎ.  

 

2.5.2 ȹɖɛɘɞɡɟɔɑŬ ɞɟɗɞŮɘəɧɜɤɜ (ɞˊŰɘəɎ əŬɘ ˊɞɚɡűŬůɛŬŰɘəɎ) 

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɞɟɗɞɛɤůŬɥəɩɜ ůŰŬ dataset Űɤɜ RGB, ˊɞɚɡűŬůɛŬŰɘəɩɜ əŬɘ ɗŮɟɛɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞ Ůɛˊɞɟɘəɧ ɚɞɔɘůɛɘəɧ Agisoft Photoscan. ɇɞ ɚɞɔɘůɛɘəɧ 

ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑ Űɖ ɛɏɗɞŭɞ Structure From Motion ï SFM ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 3D ɛɞɜŰɏɚɞɡ 

Űɖɠ ˊŮɟɘɞɢɐɠ əŬɗɩɠ əŬɘ ˊɚɐɗɞɠ Ɏɚɚɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ˊɟɞɥɧɜŰɤɜ ɛŮŰŬɝɨ Ɏɚɚɤɜ əŬɘ 

ɃɟɗɞɛɤůŬɥəɧ.  

ȷɟɢɘəɎ ŮɘůɎɔɞɜŰŬɘ ɞɘ ŮɘəɧɜŮɠ əŬɘ ɞɘ ɗɏůŮɘɠ ɚɐɣŮɘɠ (ůŰɞɘɢŮɑŬ ŮɝɤŰŮɟɘəɞɨ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ) 

Űɞɡɠ ůŰɞ ɚɞɔɘůɛɘəɧ. ɇŬ ůŰɞɘɢŮɑŬ Űɤɜ ɗɏůŮɤɜ ɚɐɣɖɠ ˊɟɞəɨˊŰɞɡɜ ŮɑŰŮ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŬ ɚɧɔɤ 

ɎɛŮůɖɠ ɔŮɤŬɜŬűɞɟɎɠ ůŰɘɠ ˊɞɚɡűŬůɛŬŰɘəɏɠ ŮɘəɧɜŮɠ, ŮɑŰŮ ɛŮ ɛɖ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɞ Űɟɧˊɞ ɔɘŬ 

ŰŬ ɗŮɟɛɘəɎ ŭŮŭɞɛɏɜŬ ɧˊɤɠ ŬɜŬɚɨɗɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ 

ˊɟɘɜ Űɖɜ ˊŰɐůɖ əŬŰŬɔɟŬűɐɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ ŰŮůůɎɟɤɜ əŬɜŬɚɘɩɜ Űɞɡ 
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ˊɞɚɡűŬůɛŬŰɘəɞɨ ŬɘůɗɖŰɐɟŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ůɘŭɘəɐ ˊɚɎəŬ ɓŬɗɛɞɜɧɛɖůɖɠ ˊɞɡ ŭɑɜŮŰŬɘ 

Ŭˊɧ Űɖɜ əŬŰŬůəŮɡɎůŰɟɘŬ ŮŰŬɘɟŮɑŬ. 

ɇɞ ˊɟɩŰɞ ɓɐɛŬ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ Agisoft ŮɑɜŬɘ ɖ ŮɡɗɡɔɟɎɛɛɘůɖ Űɤɜ Ůɘəɧɜɤɜ (photo 

alignment). ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɞɡ SFM ˊɞɡ ŮˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬəŬŰŬůəŮɡɐ Űɖɠ 

ŰɟɘůŭɘɎůŰŬŰɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɖɠ ůəɖɜɐɠ Ŭˊɧ Űɖɜ əɑɜɖůɖ Űɖɠ əɎɛŮɟŬɠ. ȷɟɢɘəɎ ŮɜŰɞˊɑɕɞɜŰŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɖɛŮɑŬ (detecting points) ůŰɘɠ ŮɘəɧɜŮɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɞ ŮɜŰɞˊɘůɛɧɠ Űɞɡɠ ůŰɞ 

ůɨɜɞɚɞ Űɤɜ Ůɘəɧɜɤɜ (matching points). ɆŰɖ ůɡɜɏɢŮɘŬ ŮəŰɘɛɩɜŰŬɘ ɞɘ ŰɟɘůŭɘɎůŰŬŰŮɠ ɗɏůŮɘɠ Űɤɜ 

ůɖɛŮɑɤɜ əŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ŬɟŬɘɧ ɜɏűɞɠ ůɖɛŮɑɤɜ (sparse point cloud), ɞɘ ɗɏůŮɘɠ Űɤɜ 

űɤŰɞɚɖɣɘɩɜ əŬɗɩɠ əŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŮůɤŰŮɟɘəɐɠ ɓŬɗɛɞɜɧɛɖůɖɠ Űɖɠ űɤŰɞɔɟŬűɘəɐɠ ɛɖɢŬɜɐɠ. 

ɀŮŰɎ Űɞ ˊɏɟŬɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ 

Ůɘəɧɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Ŭˊɧ Űɞɜ ŮɟɔŬɚŮɑɞ ñestimate image qualityò. ɇɞ ɚɞɔɘůɛɘəɧ 

ɓŬɗɛɞɚɞɔŮɑ Űɘɠ ŮɘəɧɜŮɠ Ŭˊɧ Űɞ 1.0 ɏɤɠ Űɞ 10.0 ɛŮ əɟɘŰɐɟɘɞ Űɖɜ ŭɘŬɨɔŮɘŬ Űɞɡɠ, Űɞɜ ɗɧɟɡɓɞ ə.Ŭ. 

ȰŰůɘ ɚɞɘˊɧɜ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞɛɞɜɩůŮɘ ɐ/əŬɘ ɜŬ ŭɘŬɔɟɎɣŮɘ ɞˊɞɘŬŭɐˊɞŰŮ ŮɘəɧɜŬ ɏɢŮɘ ɛɖ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ɓŬɗɛɞɚɞɔɑŬ.  

ɀŮŰɎ Űɖɜ ŮɡɗɡɔɟɎɛɛɘůɖ Űɤɜ Ůɘəɧɜɤɜ ŬəɞɚɞɡɗŮɑ ɖ ŭɖɛɘɞɡɟɔɑŬ ˊɡəɜɞɨ ɜɏűɞɡɠ ůɖɛŮɑɤɜ (Dense 

Point Cloud). ȷɡŰɧ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ ñBuild Dense Cloudò Ŭˊɧ Űɞ ɛŮɜɞɨ ñWorkflowò. 

Ʉɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ˊɡəɜɐɠ Ŭɜɞɘəɞŭɧɛɖůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ çəŬɗŬɟɘůɛɧɠè Űɞɡ ɛɞɜŰɏɚɞɡ 

Ŭˊɧ Űɞɜ ɗɧɟɡɓɞ ˊɞɡ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ɡˊɎɟɢŮɘ ůɓɐɜɞɜŰŬɠ ɢŮɘɟɞəɑɜɖŰŬ ůɖɛŮɑŬ ŮəŰɧɠ Űɞɡ 

ŰɟɘůŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ.  

 
ʅ˔ʺ˃ʰ 2.20 - ʃˎˁ˄ˈ ˄ʷ˒ˇˌ ˋʹ˃ʶʾ˖˄ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ όʵʶʵˇ˃ʷ˄ʰ RGB). ʃʰˊʰˍʹˊʶʾˍʰʽ ˎ˕ʹ˂ˈˌ ʻˈˊˎʲˇˌ ˋˍˇ 

˃ˇ˄ˍʷ˂ˇ ˂ˈʴ˖ ˁˎˊʾ˖ˌ ˍˇˎ Rolling Shutter ̱ ˇˎ RGB h ʽˋʻʹˍʺˊʰΦ 

 



                                                             2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ  

ůŮɚ. 27 

 

 
ʅ˔ʺ˃ʰ 2.21 - ʃˎˁ˄ˈ ˄ʷ˒ˇˌ ˋʹ˃ʶʾ˖˄ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ (ˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰύ. ʃʰˊʰˍʹˊʶʾˍʰʽ ʰʽˋʻʹˍʱ 

ʲʶ˂ˍʽ˖˃ʷ˄ˇ ˃ ˇ˄ˍʷ˂ˇ ˂ˈʴ˖ ˍ˖˄ ˍʶˋˋʱˊ˖˄ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁ˗˄ ˁʰ˄ʰ˂ʽ˗˄ ˍʶ˔˄ˇ˂ˇʴʾʰˌ Global Shutter. 

 

Ⱥˊɑůɖɠ, ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ŮˊɧɛŮɜɞɡ ɓɐɛŬŰɞɠ, ŮɘůɎɔɞɜŰŬɘ ŰŬ ŮˊɘˊɟɧůɗŮŰŬ GCPs ɛŮ ůəɞˊɧ 

Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɚɧɔɤ Űɖɠ ɛŮɘɤɛɏɜɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ɗɏůŮɤɜ Ŭˊɧ Űɞ 

ůɨůŰɖɛŬ GPS Űɖɠ ˊɚŬŰűɧɟɛŬɠ. Ⱥˊɑůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɖɠ ɔŮɤŬɜŬűɞɟɎɠ, 

ŬɝɘɞɚɞɔɩɜŰŬɠ Űɞ ůɡɜɞɚɘəɧ ůűɎɚɛŬ ůŰɞ ɛɞɜŰɏɚɞ Űɞɡ RGB əŬɘ ůŰɞ ˊɞɚɡűŬůɛŬŰɘəɧ.  

ɆɡɜŮɢɑɕɞɜŰŬɠ, Ŭˊɧ Űɞ ɛŮɜɞɨ ñWorkflowò ŮˊɘɚɏɔŮŰŬɘ Űɞ ŮɟɔŬɚŮɑɞ ñBuild Meshò Űɞ ɞˊɞɑɞ 

ŰɟɘɔɤɜɑɕŮɘ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɐ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ (mesh) ɛŮ ɓɎůɖ Űɞ ˊɡəɜɧ 

ɜɏűɞɠ ůɖɛŮɑɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. Ⱥŭɩ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŭɘŬɔɟŬűɐɠ 

əɎˊɞɘɤɜ ŬɜŮˊɘɗɨɛɖŰɤɜ ŰɛɖɛɎŰɤɜ ŮˊɘűŬɜŮɑŬɠ ɐ əɚŮɑůɘɛɞ əŮɜɩɜ ˊɞɡ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ 

ˊɟɞəɨɣɞɡɜ Ŭˊɧ Űɞɜ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɧ Űɟɘɔɤɜɘůɛɧ ɞɟɘůɛɏɜɤɜ ůɖɛŮɑɤɜ ŮˊɘűŬɜŮɘɩɜ.  
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ʅ˔ʺ˃ʰ 2.22 - 3D ʁ ˉʽ˒ʱ˄ʶʽʰ όmesh) ̱ ʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ όʵʶʵˇ˃ʷ˄ʰ RGB)Φ ʃʰˊʰˍʹˊʶʾˍʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ʻˈˊˎʲˇˌ ˁʰʽ 

artifacts ˂ ˈʴ˖ ˁˎˊʾ˖ˌ ˍˇˎ Rolling Shutter. 

 

 
ʅ˔ʺ˃ʰ 2.23 - 3D ʁ ˉʽ˒ʱ˄ʶʽʰ όmesh) ̱ ʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ όˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ)Φ ʃʰˊʰˍʹˊʶʾˍʰʽ ʰʽˋʻʹˍʺ 

ʲʶ˂ˍʾ˖ˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ. 

 

ȺˊɧɛŮɜɞ ůŰɎŭɘɞ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɡűɐɠ əŬɘ ɢɟɩɛŬŰɞɠ (texture) ůŰɞ 

ɛɞɜŰɏɚɞ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ŭˊɧ Űɞ ɛŮɜɞɨ ñWorkflowò əŬɘ Űɖɜ Ůˊɘɚɞɔɐ ñBuild Textureò. ȰŰůɘ 

ˊɟɞəɨˊŰŮɘ ɏɜŬ ɟŮŬɚɘůŰɘəɧ ŰɟɘůŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ, Űɞ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮɘ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ Űɖɜ 

ˊɟŬɔɛŬŰɘəɐ ŬˊɞŰɨˊɤůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɐ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, ɛŮ ŭɡɜŬŰɧŰɖŰŬ ŮɝŬɔɤɔɐɠ 

ɞɟɗɞŮɘəɧɜŬɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ.  
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ʅ˔ʺ˃ʰ 2.24 - ʁ́ ʻˇʶʽˁˈ˄ʰ όʵʶʵˇ˃ʷ˄ʰ RGBύ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ. 

 

 
ʅ˔ʺ˃ʰ 2.25 - ʁ́ ʻˇʶʽˁˈ˄ʰ όʵʶʵˇ˃ʷ˄ʰ ˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁʱύ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ 

 

ɀŮŰɎ Űɞ ˊɏɟŬɠ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɘŮɟɔŬůɘɩɜ, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ɝŮəɘɜɐůŮɘ Űɖ ŭɘŬŭɘəŬůɑŬ 

ŮɝŬɔɤɔɐɠ ɧɚɤɜ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ˊɟɞɥɧɜŰɤɜ. ɇɞ ɚɞɔɘůɛɘəɧ ŭɑɜŮɘ ˊɚɐɗɞɠ ŭɡɜŬŰɞŰɐŰɤɜ 

ŮɝŬɔɤɔɐɠ ŬɟɢŮɑɤɜ ɧˊɤɠ: 

¶ ũŮɤŬɜŬűŮɟɛɏɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ ɛŮ ůəɞˊɧ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡɠ ůŮ ɚɞɔɘůɛɘəɎ GIS 

¶ Ɂɏűɞɡɠ ůɖɛŮɑɤɜ (point cloud) 

¶ ɇɟɘɔɤɜɘəɞɨ ˊɚɏɔɛŬŰɞɠ ŮˊɘűŬɜŮɑŬɠ (mesh) 

¶ Ɉűɐɠ (texture) 

¶ ūɤŰɞůŰŬɗŮɟɎ, ůɖɛŮɑŬ Ůɚɏɔɢɞɡ, ɗɏůŮɘɠ ɚɐɣɖɠ Ůɘəɧɜɤɜ 
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¶ ɀɞɜŰɏɚŬ ŮˊɘűŬɜŮɑŬɠ (DSM, DTM, DEM) 

ɇɞ ɚɞɔɘůɛɘəɧ ˊŬɟɞɡůɘɎɕŮɘ ɡɣɖɚɎ ˊɞůɞůŰɎ ŭɘŬɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ɛŮ ɎɚɚŬ ɚɞɔɘůɛɘəɎ CAD, GIS 

ə.Ŭ. əŬɗɩɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮɝŬɔɤɔɐɠ ˊɞɚɚŬˊɚɩɜ Űɨˊɤɜ ŬɟɢŮɑɤɜ ˊɞɡ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ əŬɘ 

ŮɘůɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɚɞɔɘůɛɘəɩɜ. ɇɏŰɞɘŬ ŬɟɢŮɑŬ ŮɑɜŬɘ: 

¶ ɀɞɜŰɏɚɞ ůŮ ŬɟɢŮɑɞ CAD 

¶ ũŮɤŬɜŬűŮɟɛɏɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ ɛŮ ůəɞˊɧ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡɠ ůŮ ɚɞɔɘůɛɘəɎ GIS 

¶ 3D ɀɞɜŰɏɚŬ əŬɘ ɃɟɗɞŮɘəɧɜŮɠ ůŮ ˊŮɟɘɓɎɚɚɞɜ Google Earth 

¶ 3D ɀɞɜŰɏɚŬ ůŮ ˊŮɟɘɓɎɚɚɞɜ PDF, ɧˊɞɡ ɛˊɞɟŮɑ ɞ ɞˊɞɘɞůŭɐˊɞŰŮ ɢɟɐůŰɖɠ ɜŬ Űɞ ŬɜɞɑɝŮɘ 

əŬɘ ɜŬ ɛŮŰɟɐůŮɘ ˊɎɜɤ ůŮ ŬɡŰɧ ɞˊɞɘŬŭɐˊɞŰŮ ŭɘɎůŰŬůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɐ Űɖɠ ˊŮɟɘɞɢɐɠ 

 

2.5.3 ȹɖɛɘɞɡɟɔɑŬ ɈˊŮɟűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ 

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɚɐűɗɖəŬɜ Ŭˊɧ Űɞɜ ɡˊŮɟűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ Headwall VNIR, ɡˊɏůŰɖůŬɜ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ɚɞɔɘůɛɘəɧ Űɖɠ əŬŰŬůəŮɡɎůŰɟɘŬɠ ŮŰŬɘɟŮɑŬɠ. ɀɏůɤ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ ŬɡŰɞɨ ɞ ɢɟɐůŰɖɠ ŮɘůɎɔŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ ůŮ ɛɞɟűɐ raw, əŬɗɩɠ əŬɘ 

ŰŬ ŬɟɢŮɑŬ ˊɞɡ əŬŰŬɔɟɎűɖəŬɜ Ŭˊɧ Űɞ ŬŭɟŬɜŮɘŬəɧ ůɨůŰɖɛŬ əŬɘ Űɞ GPS. ɆŰɖ ůɡɜɏɢŮɘŬ ŭɑɜŮŰŬɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ɞˊŰɘəɞˊɞɑɖůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ɔɟɐɔɞɟɖ ˊɟɞŮˊɘůəɧˊɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

Űɖɠ əŬŰŬɔɟŬűɐɠ. ȼ ɞˊŰɘəɞˊɞɑɖůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɖɜ raw ɛɞɟűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ůŮ 

ɧˊɞɘŬ űŬůɛŬŰɘəɎ əŬɜɎɚɘŬ ŮˊɘɚɏɝŮɘ ɞ ɢɟɐůŰɖɠ (ɆɢɐɛŬ 2.26). ɆŰɖ ůɡɜɏɢŮɘŬ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɞɟɗɞɛɤůŬɥəɧ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Ůˊɘɚɞɔɐ ůŰɞ ɚɞɔɘůɛɘəɧ. ȺəŮɑ 

ŮɘůɎɔɞɜŰŬɘ ŰŬ ŰɖɚŮˊɘůəɞˊɘəɎ ŭŮŭɞɛɏɜŬ, ŰŬ ŬɟɢŮɑŬ ŬŭɟŬɜŮɘŬəɞɨ əŬɘ GPS əŬɗɩɠ əŬɘ DEM Űɖɠ 

ˊŮɟɘɞɢɐɠ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ ɔŮɤɛŮŰɟɘəɐ ŭɘɧɟɗɤůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɜ 

ˊŬɟŬɔɤɔɐ ɞɟɗɞɛɤůŬɥəɞɨ. ȻɖŰɞɨɜŰŬɘ Ůˊɑůɖɠ, ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ůɢŮŰɘəɞɨ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɞɡ 

ŬɘůɗɖŰɐɟŬ əŬɘ Űɞɡ ŬŭɟŬɜŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ əŬɗɩɠ əŬɘ Űɞ ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ ŮŭŬűɞɣɖűɑŭŬɠ 

ˊɞɡ ɗŬ ɏɢŮɘ Űɞ ɛɤůŬɥəɧ (ɆɢɐɛŬ 2.27). ȼ ŮɝŬɔɤɔɐ Űɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ Űɞ ůɨɜɞɚɞ 

ɐ ɛɏɟɞɡɠ Űɤɜ əŬɜŬɚɘɩɜ ˊɞɡ ŮˊɘɗɡɛŮɑ ɞ ɢɟɐůŰɖɠ (ɆɢɐɛŬ 2.28). 
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ʅ˔ʺ˃ʰ 2.26 - ʁˉˍʽˁˇˉˇʾʹˋʹ ˎˉʶˊ˒ˋ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ̱ ʹˌ ˁʰˍʰˋˁʶˎʱˋˍˊʽʰˌ ʶˍʰʽˊʶʾʰˌΦ 

 

 

ʅ˔ʺ˃ʰ 2.27 - ɲʽʰʵʽˁʰˋʾʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˇˊʻˇ˃˖ˋʰʿˁˇˏ ˁʰʽ ʶˉʽ˂ˇʴʺ ʲʰˋʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ   
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ʅ˔ʺ˃ʰ 2.28 - ɳˉʽ˂ˇʴʺ ˍ˖˄ ʶˉʽʻˎ˃ʹˍ˗˄ ˒ʰˋ˃ʰˍʽˁ˗˄ ˁʰ˄ʰ˂ʽ˗˄ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍˇˎ ˇˊʻˇ˃˖ˋʰʿˁˇˏΦ      

 

2.5.4 ɆɡůɢɏŰɘůɖ ŭŮŭɞɛɏɜɤɜ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ 

ȺˊɧɛŮɜɞ ɓɐɛŬ Űɖɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɘɛɩɜ 

ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ (reflectance). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ Űɘɛɏɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ pixel Űɤɜ 

ɞɟɗɞŮɘəɧɜɤɜ ŬˊɞŰŮɚɞɨɜ Űɘɠ ŬɜŬəɚɩɛŮɜŮɠ Űɘɛɏɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ůŰɧɢɞɡ. ũɘŬ 

ɞˊɞɘŬŭɐˊɞŰŮ ŮˊɧɛŮɜɖ ŭɘŬŭɘəŬůɑŬ ɞɘ Űɘɛɏɠ ŬɡŰɏɠ ˊɟɏˊŮɘ ɜŬ ŬɜŬɢɗɞɨɜ ůŮ Űɘɛɏɠ 

ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɘɠ Űɘɛɏɠ Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɖ ůŰɘɔɛɐ 

Űɖɠ ůɡɚɚɞɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŬ 

Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɖɛɏɟŬɠ əŬŰŬɔɟŬűɐɠ. Ƀ Űɟɧˊɞɠ 

ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ Űɘɛɩɜ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ŭɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

”
ὒ
ὒ Ὧz 

ɧ́ ɞɡ,  

ɟɇ: Űɞ űɎůɛŬ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ůŰɧɢɞɡ 

Lɇ: ɖ ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ ŬɜŬəɚɎŰŬɘ Ŭˊɧ Űɞɜ ɡˊɧ ŮɝɏŰŬůɖ ůŰɧɢɞ, L 

Lr: ɖ ŬəŰɘɜɞɓɞɚɑŬ ˊɞɡ ŬɜŬəɚɎŰŬɘ Ŭˊɧ ɏɜŬ ŭŮɑɔɛŬ ŬɜŬűɞɟɎɠ (reference sample) 

k: ŭɘɞɟɗɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ˊɞɡ ɘůɞɨŰŬɘ ɛŮ Űɞɜ ɚɧɔɞ Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ˊɟɞɠ Űɖɜ 

ŮˊŬɜŮəˊɞɛˊɐ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŬɜŬűɞɟɎɠ. Ɉˊɧ ɘŭŬɜɘəɏɠ ůɡɜɗɐəŮɠ ɘůɞɨŰŬɘ ɛŮ 

Űɖɜ ɛɞɜɎŭŬ. 

ɀŮ ɓɎůɖ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ, ɡˊɞɚɞɔɑůɗɖəŬɜ ɧɚŮɠ ɞɘ Űɘɛɏɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ɔɘŬ Űɖɜ ɡˊɞ ï 

ŮɝɏŰŬůɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ůŮ ɧɚŬ ŰŬ ŭɘŬɗɏůɘɛŬ űɎůɛŬŰŬ əŬŰŬɔɟŬűɐɠ. ɋɠ ŭŮɑɔɛŬ ŬɜŬűɞɟɎɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůɘŭɘəɐ ɓŬɗɛɞɜɞɛɖɛɏɜɖ ˊɚɎəŬ ŬɜɎəɚŬůɖɠ, ɖ ɞˊɞɑŬ ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞ ɏŭŬűɞɠ 

Űɖ ůŰɘɔɛɐ Űɤɜ ˊŰɐůŮɤɜ əŬŰŬɔɟŬűɐɠ. ȰŰůɘ ɚɞɘˊɧɜ ɞɘ Űɘɛɏɠ ŬɡŰɏɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞɜ ɚɧɔɞ Űɤɜ 

Űɘɛɩɜ ŬɜŬəɚɩɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ (radiance), ɞɘ ɞˊɞɑŮɠ ŬˊɞŰɡˊɩɗɖəŬɜ ůŰɘɠ Űɘɛɏɠ Űɤɜ 
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ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ (pixels) Űɤɜ ɞɟɗɞŮɘəɧɜɤɜ, ˊɟɞɠ Űɘɠ Űɘɛɏɠ Űɖɠ ŬɜŬəɚɩɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɖɠ 

ŮˊɑűŬɜŮɘŬɠ ŬɜɎəɚŬůɖɠ (irradiance). 

 
ʅ˔ʺ˃ʰ 2.29 - Reflectance, Irradiance ˁʰʽ Radiance. 

 

2.5.5 ũŮɤɛŮŰɟɘəɐ ŬɜŰɘůŰɞɑɢɘůɖ 

ɇŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ Űɖɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɖ ɔŮɤɛŮŰɟɘəɐ ŬɜŰɘůŰɞɑɢɘůɖ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ 

Ůɘəɧɜɤɜ ɛŮŰŬɝɨ Űɞɡɠ. ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐɜ, ɔɑɜŮŰŬɘ ŬɜŰɘůŰɞɑɢɘůɖ ɧɚɤɜ Űɤɜ ŭɘŬɗɏůɘɛɤɜ 

Ůɘəɧɜɤɜ ɛŮ ɡˊɧɓŬɗɟɞ ŬɜŬűɞɟɎɠ Űɖɜ ɞɟɗɞŮɘəɧɜŬ Űɤɜ ˊɞɚɡűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɞ ɞˊɞɑɞ 

ŮɑɢŮ ɔŮɤŬɜŬűɞɟɎ (WGS 84). ȺˊɘˊɟɞůɗɏŰɤɠ ɔɘŬ Űɖɜ ˊɞɚɡűŬůɛŬŰɘəɐ ɞɟɗɞŮɘəɧɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɏɚŮɔɢɞɠ ůŮ ůɖɛŮɑŬ Ůɚɏɔɢɞɡ (GCPs) ŬɝɘɞɚɞɔɩɜŰŬɠ Űɞ ɛɏůɞ ůűɎɚɛŬ ůŰŬ 

4cm. 

ȼ ŬɜŰɘůŰɞɑɢɘůɖ Űɤɜ ɡˊŮɟűŬůɛŬŰɘəɩɜ ɛɤůŬɥəɩɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ˊŮɟɘɓɎɚɚɞɜ ArcGis. ȼ 

ŭɘŬŭɘəŬůɑŬ ɏɔɘɜŮ ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ŰɟɑŬ ɛɤůŬɥəɎ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ ŰɟɑŬ ůəɏɚɖ ˊŰɐůɖɠ. 

ɇɞ ɛɞɜŰɏɚɞ ɛŮŰŬůɢɖɛŬŰɑůɗɖəŮ ɛŮ Affine ˊɟɩŰɞɡ ɓŬɗɛɞɨ ˊɞɚɡɤɜɡɛɘəɐ Ůɝɑůɤůɖ ɛŮ ůɡɜɞɚɘəɎ 

8 ůɖɛŮɑŬ əŬɘ ŰŮɚɘəɧ RMS Error 3,6 pixels (ɆɢɐɛŬŰŬ 2.30, 2.31).  

 

ʅ˔ʺ˃ʰ 2.30 - ɲʽʰʵʽˁʰˋʾʰ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹˌ ˉˊ˗ˍˇˎ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ ˃ ˖ˋʰʿˁˇˏΦ ɮˊʽˋˍʶˊʱ ˇʽ ʻʷˋʶʽˌ ˍ˖˄ GCPs. ɲʶ˅ʽʱ 
ˍˇ ˃˖ˋʰʿˁˈ ˃ʶˍʱ ˍʹ˄ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹΦ 
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ʅ˔ʺ˃ʰ 2.31 - ʃʾ˄ʰˁʰˌ ˋ˒ʰ˂˃ʱˍ˖˄ ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍˇ ˉˊ˗ˍˇ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˈ ˃˖ˋʰʿˁˈ. 

 

Ƀɛɞɑɤɠ ɔɘŬ Űɞ ŭŮɨŰŮɟɞ ɛɤůŬɥəɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ ɑŭɘɞɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŮɘəɧɜŬɠ Affine, 

ˊɟɩŰɖ ˊɞɚɡɤɜɡɛɘəɐɠ Ůɝɑůɤůɖ ɛŮ ůɡɜɞɚɘəɎ 6 ůɖɛŮɑŬ əŬɘ ŰŮɚɘəɧ RMS Error 6,3 pixels. 

ȷəɞɚɞɨɗɤɠ űŬɑɜɞɜŰŬɘ ɞɘ ŮɘəɧɜŮɠ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɔŮɤŬɜŬűɞɟɎɠ əŬɗɩɠ əŬɘ ɞ ˊɑɜŬəŬɠ 

ɛŮ ŰŬ ůűɎɚɛŬŰŬ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůɖɛŮɑɤɜ (ɆɢɐɛŬŰŬ 2.32, 2.33).  

 

ʅ˔ʺ˃ʰ 2.32 - ɲʽʰʵʽˁʰˋʾʰ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹˌ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ ʵʶˏˍʶˊˇˎ ˃˖ˋʰʿˁˇˏΦ ɮˊʽˋˍʶˊʱ ˇʽ ʻʷˋʶʽˌ ˍ˖˄ D/ts. 
ɲʶ˅ʽʱ ˍˇ ˃˖ˋʰʿˁˈ ˃ʶˍʱ ˍʹ˄ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹΦ 

 

 
ʅ˔ʺ˃ʰ 2.33 - ʃʾ˄ʰˁʰˌ ˋ˒ʰ˂˃ʱˍ˖˄ ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍˇ ʵʶˏˍʶˊˇ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˈ ˃˖ˋʰʿˁˈ. 

 

ȳɛɞɘŬ ŭɘŬŭɘəŬůɑŬ əŬɘ ɔɘŬ Űɞ ŰɟɑŰɞ ɡˊŮɟűŬůɛŬŰɘəɧ ɛɤůŬɥəɧ. ȼ ˊŮɟɘɞɢɐ əɎɚɡɣɖɠ Ŭˊɧ Űɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŮɘəɧɜŬ ɐŰŬɜ ŮɚŬűɟɩɠ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 
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ŭɡůəɞɚŮɨŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ɖ ŭɘŬŭɘəŬůɑŬ ŮɨɟŮůɖɠ əɞɘɜɩɜ ůɖɛŮɑɤɜ ɔɘŬ Űɖɜ ŬɜŰɘůŰɞɑɢɘůɖ. ɄŬɟɧɚŬ 

ŬɡŰɎ ɏɔɘɜŮ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ɛŮ Affine ˊɟɩŰɖ ˊɞɚɡɤɜɡɛɘəɐ Ůɝɑůɤůɖ ɛŮ 6 ůɖɛŮɑŬ əŬɘ 

ůɡɜɞɚɘəɧ RMS Error 4.2 pixels (ɆɢɐɛŬ 2.34, 2.35).  

 

ʅ˔ʺ˃ʰ 2.34 - ɲʽʰʵʽˁʰˋʾʰ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹˌ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˇˏ ˍˊʾˍˇˎ ˃ ˖ˋʰʿˁˇˏΦ ɮˊʽˋˍʶˊʱ ˇʽ ʻʷˋʶʽˌ ˍ˖˄ D/tǎΦ ɲʶ˅ʽʱ 
ˍˇ ˃˖ˋʰʿˁˈ ˃ʶˍʱ ˍʹ˄ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹΦ 

 

 
ʅ˔ʺ˃ʰ 2.35 - ʃʾ˄ʰˁʰˌ ˋ˒ʰ˂˃ʱˍ˖˄ ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍˇ ˍˊʾˍˇ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˈ ˃˖ˋʰʿˁˈΦ 

 

ɇɏɚɞɠ, ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɔŮɤŬɜŬűɞɟɎɠ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛŮ Űɖɜ ŬɜŰɘůŰɞɑɢɘůɖ Űɞɡ ɛɤůŬɥəɞɨ 

ɗŮɟɛɘəɞɨ űɎůɛŬŰɞɠ. ȳɛɞɘɞɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŬɜŰɘůŰɞɘɢɑůŮɘɠ ɛŮ 5 ůɖɛŮɑŬ 

əŬɘ ůɡɜɞɚɘəɧ RMS Error 5 pixels (ɆɢɐɛŬŰŬ 2.36, 2.37).  

 

ʅ˔ʺ˃ʰ 2.36 - ɲʽʰʵʽˁʰˋʾʰ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹˌ ˍˇˎ ɸʶˊ˃ʽˁˇˏ ˃ ˖ˋʰʿˁˇˏΦ ɮˊʽˋˍʶˊʱ ˇʽ ʻʷˋʶʽˌ ˍ˖˄ D/tǎ. ɲʶ˅ʽʱ ˍˇ ˃˖ˋʰʿˁˈ 
˃ʶˍʱ ˍʹ˄ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹΦ 
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ʅ˔ʺ˃ʰ 2.37 - ʃʾ˄ʰˁʰˌ ˋ˒ʰ˂˃ʱˍ˖˄ ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍˇ ɸʶˊ˃ʽˁˈ ˃ ˖ˋʰʿˁˈΦ 

 

2.6 ɃˊŰɘəɞˊɞɑɖůɖ ȹŮŭɞɛɏɜɤɜ 

ɇŬ ɆɡůŰɐɛŬŰŬ ũŮɤɔɟŬűɘəɩɜ Ʉɚɖɟɞűɞɟɘɩɜ (Geographic Information Systems ï GIS), 

ŬˊɞŰŮɚɞɨɜ ůɡůŰɐɛŬŰŬ ŭɘŬɢŮɑɟɘůɖɠ əŬɘ ůɡůɢɏŰɘůɖɠ ɢɤɟɘəɩɜ əŬɘ ˊŮɟɘɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ. 

ɀɏůŬ Ŭˊɧ ŰŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮɘůɎɔŮɘ, ŮˊŮɝŮɟɔŬůŰŮɑ, ŬɜŬɚɨůŮɘ, 

ŰɟɞˊɞˊɞɘɐůŮɘ əŬɘ ɞˊŰɘəɞˊɞɘɐůŮɘ ɢɤɟɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŰŬ ŬˊɞŭɩůŮɘ ůŮ 

ŬɜŬɚɞɔɘəɎ (əŬŰŬůəŮɡɐ ɢŬɟŰɩɜ, ŭɘŬɔɟŬɛɛɎŰɤɜ əɚˊ) ɐ ɣɖűɘŬəɎ ŭŮŭɞɛɏɜŬ (Űɨˊɞɘ ŬɟɢŮɑɤɜ ɐ 

ɓɎůŮɘɠ ɢɤɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ŭɘŬŭɟŬůŰɘəɞɑ ɢɎɟŰŮɠ əɚˊ). ɈˊɎɟɢɞɡɜ ˊɞɚɡɎɟɘɗɛŬ ɚɞɔɘůɛɘəɎ GIS, 

ŰŬ ˊɘɞ ɔɜɤůŰɎ Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ Űɞ Ůɛˊɞɟɘəɧ ɚɞɔɘůɛɘəɧ ArcGis Űɖɠ ŮŰŬɘɟŮɑŬɠ Esri əŬɘ Űɞ ŮɚŮɨɗŮɟɞ 

Quantum GIS. 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ Űɖɜ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɑɜŮŰŬɘ ɖ ŮɘůŬɔɤɔɐ ɧɚɤɜ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ GIS, ɔɘŬ Űɞɜ ˊɞɘɞŰɘəɧ əŬɘ ˊɞůɞŰɘəɧ ɏɚŮɔɢɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

əŬɗɩɠ əŬɘ ŰŮɚɘəɏɠ ŮˊŮɝŮɟɔŬůɑŮɠ ˊɟɘɜ ɝŮəɘɜɐůɞɡɜ ɞɘ ŭɘŬŭɘəŬůɑŮɠ Űɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ.  

ȷɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊŮɟɘəɞˊɏɠ (clips) ůŰŬ ɈˊŮɟűŬůɛŬŰɘəɎ ɛɤůŬɥəɎ ɚɧɔɤ ůŰɟɏɓɚɤůɖɠ 

əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ůɎɟɤůɖɠ ůŰɖ ɚɐɣɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȷɡŰɧ ɏɔɘɜŮ ɛŮ Űɞ ŮɟɔŬɚŮɑɞ 

RasterĄClipper ůŮ ˊŮɟɘɓɎɚɚɞɜ QGIS. ɆŰɖ ůɡɜɏɢŮɘŬ ŮɚɏɔɢŮŰŬɘ ˊɞɘɞŰɘəɎ ɖ ŬəɟɑɓŮɘŬ Űɖɠ 

ɔŮɤŬɜŬűɞɟɎɠ (ŬˊɧɚɡŰɖɠ əŬɘ ůɢŮŰɘəɐɠ) ˊɟɞɓɎɚɚɞɜŰŬɠ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɢɎɟŰɖ ůŰɞ 

Ůɜ ɚɧɔɤ ɚɞɔɘůɛɘəɧ. 

ɇɏɚɞɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɜɗŮůɖ Űɞɡ ɄɞɚɡűŬůɛŬŰɘəɞɨ əŬɘ Űɞɡ ŪŮɟɛɘəɞɨ ɛɤůŬɥəɞɨ, ɛŮ 

ůəɞˊɧ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ůɡɜŮɘůűɞɟɎ Űɖɠ ɗŮɟɛɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ůŮ ŭɘŬŭɘəŬůɑŮɠ ŰŬɝɘɜɧɛɖůɖɠ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɏɔɘɜŮ ɛɏůɤ Űɞɡ ŮɟɔŬɚŮɑɞɡ RasterĄMerge Ŭˊɧ Űɞ ŮɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ 

QGIS, Ŭűɞɨ ˊɟɩŰŬ ɔɑɜŮɘ Resample Űɞɡ ɗŮɟɛɘəɞɨ ɛɤůŬɥəɞɨ ůŰɖɜ ŬɜɎɚɡůɖ Űɞɡ 

ɄɞɚɡűŬůɛŬŰɘəɞɨ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ŬɜŰɘůŰɞɘɢɑŬ ůŰɘɠ Űɘɛɏɠ Űɤɜ pixels.  

ɆŰŬ ůɢɐɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɧɚŬ ŰŬ ˊŬɟŬɔɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ, Ŭűɞɨ ˊɟɩŰŬ ŮɜůɤɛŬŰɩɗɖəŬɜ ůŮ ɢɎɟŰɖ ɔɘŬ Űɖɜ ɞɟɗɧŰŮɟɖ 

ɞˊŰɘəɞˊɞɑɖůɖ Űɖɠ ɢɤɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ.  



                                                             2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ  

ůŮɚ. 37 

 

 

ʅ˔ʺ˃ʰ 2.38 - ʁˊʻˇʶʽˁˈ˄ʰ ̱ ʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΣ ˉˊˇʶˊ˔ˈ˃ʶ˄ʹ h ˉˈ ˍʽˌ мнс RGB ʁ ʽˁˈ˄ʶˌΣ ˃ʶ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍʰ 
5cm. 

 

 

ʅ˔ʺ˃ʰ 2.39 - ʁˊʻˇʶʽˁˈ˄ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΣ ˉˊˇʶˊ˔ˈ˃ʶ˄ʹ ʰˉˈ ˍʽˌ мнс ˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁʷˌ ʶʽˁˈ˄ʶˌ ˍʹˌ Sequoia, 
˃ʶ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍʰ у cm. ʁ ˔ʱˊˍʹˌ ʰˉˇˍʶ˂ʶʾ ʷʴ˔ˊ˖˃ˇ ˋˏ˄ʻʶˍˇ ˍ˖˄ ˁʰ˄ʰ˂ʽ˗˄ G-R-NIR. 



2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ 

ůŮɚ. 38 

 

 

ʅ˔ʺ˃ʰ 2.40 - ʁˊʻˇʶʽˁˈ˄ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ʰˉˈ ˍʽˌ мфр ʻʶˊ˃ʽˁʷˌ ʶʽˁˈ˄ʶˌ ˍˇˎ Flir Vue ProΣ ˃ʶ ˔˖ˊʽˁʺ ʰ˄ʱ˂ˎˋʹ 
ˍʰ р cm. 

 

 

ʅ˔ʺ˃ʰ 2.41 - ʁˊʻˇʶʽˁˈ˄ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ʰˉˈ ˍʹ ˋˎʴ˔˗˄ʶˎˋʹ ˍ˖˄ ˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁ˗˄ ˁʰʽ ʻʶˊ˃ʽˁ˗˄ 
ʵʶʵˇ˃ʷ˄˖˄ ˋˍʰ рcm. ʁ ˔ʱˊˍʹˌ ʰˉˇˍʶ˂ʶʾ ʷʴ˔ˊ˖˃ˇ ˋˏ˄ʻʶˍˇ ˍ˖˄ ˁʰ˄ʰ˂ʽ˗˄ G-R-Thermal. 



                                                             2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ  

ůŮɚ. 39 

 

 

ʅ˔ʺ˃ʰ 2.42 - ɴʴ˔ˊ˖˃ˇ ˋˏ˄ʻʶˍˇ ˍ˖˄ ˁʰ˄ʰ˂ʽ˗˄ RGB:145-75-пр ˍʹˌ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺˌ ʶʽˁˈ˄ʰˌ ˍˇˎ ˉˊ˗ˍˇˎ ˋˁʷ˂ˇˎˌ 
ˉˍʺˋʹˌΦ 

 

 

ʅ˔ʺ˃ʰ 2.43 - ɴʴ˔ˊ˖˃ˇ ˋˏ˄ʻʶˍˇ ˍ˖˄ ˁʰ˄ʰ˂ʽ˗˄ RGB:145-75-пр ˍʹˌ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺˌ ʶʽˁˈ˄ʰˌ ˍˇˎ ʵʶˏˍʶˊˇˎ 
ˋˁʷ˂ˇˎˌ ˉˍʺˋʹˌΦ 



2 ȷɘůɗɖŰɐɟŮɠ, ȹŮŭɞɛɏɜŬ əŬɘ ɄɟɞŮˊŮɝŮɟɔŬůɑŮɠ 

ůŮɚ. 40 

 

 

ʅ˔ʺ˃ʰ 2.44 - ɴʴ˔ˊ˖˃ˇ ˋˏ˄ʻʶˍˇ ˍ˖˄ ˁʰ˄ʰ˂ʽ˗˄ RGB:145-75-45 ̱ ʹˌ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺˌ ʶʽˁˈ˄ʰˌ ˍˇˎ ˍˊʾˍˇˎ ˋˁʷ˂ˇˎˌ 
ˉˍʺˋʹˌΦ 

 

 



                                                             3 ɇŬɝɘɜɧɛɖůɖ ȹŮŭɞɛɏɜɤɜ əŬɘ ȷɝɘɞɚɧɔɖůɖ  
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3 ɇŬɝɘɜɧɛɖůɖ ȹŮŭɞɛɏɜɤɜ əŬɘ ȷɝɘɞɚɧɔɖůɖ 

ɇŬɝɘɜɧɛɖůɖ ɣɖűɘŬəɐɠ ŮɘəɧɜŬɠ ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɜŰɘůŰɞɑɢɘůɖɠ ɐ ŰɞˊɞɗɏŰɖůɖɠ Űɤɜ Űɘɛɩɜ 

űɤŰŮɘɜɧŰɖŰŬɠ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ ůŮ ɞɛɎŭŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ɑŭɘŬ ɛɞɟűɐ, Űɘɠ ɑŭɘŮɠ 

ˊŮɟɑˊɞɡ ɘŭɘɧŰɖŰŮɠ. Ƀ ŬˊɚɞɨůŰŮɟɞɠ Űɟɧˊɞɠ ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ŮɘəɧɜŬɠ ŮɑɜŬɘ ɜŬ ŮɝŮŰŬůŰŮɑ əɎɗŮ 

ŮɘəɞɜɞůŰɞɘɢŮɑɞ ɝŮɢɤɟɘůŰɎ əŬɘ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŮ ɛɘŬ ɞɛɎŭŬ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ Űɘɛɏɠ Űɖɠ 

űɤŰŮɘɜɧŰɖŰŬɠ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ űŬůɛŬŰɘəɏɠ ɕɩɜŮɠ (əŬɜɎɚɘŬ). ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ŰŬɝɘɜɞɛɖŰɏɠ (classifiers) ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ űŬůɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ɞɜɞɛɎɕɞɜŰŬɘ űŬůɛŬŰɘəɞɑ 

ŰŬɝɘɜɞɛɖŰɏɠ (spectral). ɀɘŬ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɗŬ ɐŰŬɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ůɨɜɞɚŬ ɐ 

ůɡɔəŮɜŰɟɩůŮɘɠ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ ˊɞɡ əŬŰɏɢɞɡɜ ůŰɞɜ ɢɩɟɞ ɐ Űɞɜ ɢɟɧɜɞ, ɐ 

ɓɎůŮɘ Ɏɚɚɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɖɠ ŮɘəɧɜŬɠ. Ⱥŭɩ ˊɚɏɞɜ ɔɑɜŮŰŬɘ ɚɧɔɞɠ ɔɘŬ ɢɤɟɘəɞɨɠ ŰŬɝɘɜɞɛɖŰɏɠ ɐ 

ŰŬɝɘɜɞɛɖŰɏɠ ůɡɜɎűŮɘŬɠ (classifiers). (ɀŮɟŰɑəŬɠ, 2009).  

ɈˊɎɟɢɞɡɜ ˊɞɚɡɎɟɘɗɛɞɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ɔɘŬ Űɘɠ ŰŬɝɘɜɞɛɐůŮɘɠ ɣɖűɘŬəɩɜ 

Ůɘəɧɜɤɜ. ɀŮ ɓɎůɖ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ŭɡɞ ŮɑɜŬɘ ɞɘ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ ˊɞɡ əŬŰŬŰɎůůɞɜŰŬɘ ɞɘ 

ˊŬɟŬˊɎɜɤ Ŭɚɔɧɟɘɗɛɞɘ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ȼ ˊɟɩŰɖ ŮɑɜŬɘ ɖ ŮˊɘɓɚŮˊɧɛŮɜɖ 

ɐ əŬɗɞŭɖɔɞɨɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ (supervised classification) ɧˊɞɡ ɞ ɢɟɐůŰɖɠ çŮəˊŬɘŭŮɨŮɘè Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ ŭɑɜɞɜŰɎɠ Űɞɡ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ŮəˊŬɑŭŮɡůɖɠ (training fields), ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ŬɡŰɧɠ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ əŬŰŬŰɎůůŮɘ ŰŬ ŮɘəɞɜɞůŰɞɘɢŮɑŬ Űɖɠ ŮɘəɧɜŬɠ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗŮɛŬŰɘəɏɠ 

əŬŰɖɔɞɟɑŮɠ ɐ ŰɎɝŮɘɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ ɞɘ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ əŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əɎɗŮ əŬŰɖɔɞɟɑŬɠ ɐ ŰɎɝɖɠ. ȷɚɔɧɟɘɗɛɞɘ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ 

ŬˊɞŰŮɚɞɨɜ ɞɘ ŮɚɎɢɘůŰɖɠ ŬˊɧůŰŬůɖɠ, Űɞɡ əŬɜɧɜŬ Űɞɡ ˊŬɟŬɚɚɖɚŮˊɘˊɏŭɞɡ, ɛɏɗɞŭɞɠ ɛɏɔɘůŰɖɠ 

ˊɘɗŬɜɞűɎɜŮɘŬɠ ə.Ŭ. ȼ ŭŮɨŰŮɟɖ ɞɜɞɛɎɕŮŰŬɘ ŬɡŰɧɛŬŰɖ ŰŬɝɘɜɧɛɖůɖ (unsupervised classification), 

ɧˊɞɡ ɞ ɢɟɐůŰɖɠ ŭŮɜ ɔɜɤɟɑɕŮɘ ŰɑˊɞŰŬ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ ɐ Űɞ Ůɑŭɞɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɤɜ ŰɎɝŮɤɜ. 

 

3.1 ȷɚɔɧɟɘɗɛɞɘ ŰŬɝɘɜɧɛɖůɖɠ 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ ůŰɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɞ ŮˊɧɛŮɜɞ 

əŮűɎɚŬɘɞ ɔɘŬ Űɘɠ ŰŬɝɘɜɞɛɐůŮɘɠ Ůɘəɧɜɤɜ. 

 

3.1.1 ȺɚɎɢɘůŰɖɠ ŬˊɧůŰŬůɖɠ (Minimum Distance) 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Űɖɠ ŮɚɎɢɘůŰɖɠ ŬˊɧůŰŬůɖɠ ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ȺɡəɚŮɑŭɘŬ ŬˊɧůŰŬůɖ d(x, y) ŬɜɎɛŮůŬ 

ůŰɘɠ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ (pixels) Űɖɠ ŮɘəɧɜŬɠ əŬɘ Űɘɠ űŬůɛŬŰɘəɏɠ 



3 ɇŬɝɘɜɧɛɖůɖ ȹŮŭɞɛɏɜɤɜ əŬɘ ȷɝɘɞɚɧɔɖůɖ 

ůŮɚ. 42 

 

ɡˊɞɔɟŬűɏɠ Űɤɜ ˊŮŭɑɤɜ ŮəˊŬɑŭŮɡůɖɠ ˊɞɡ ɏɢɞɡɜ ŭɞɗŮɑ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. ȼ Ůɝɑůɤůɖ ŮɑɜŬɘ ɖ 

ˊŬɟŬəɎŰɤ: 

Ὠὼȟώ ὼ ώ  

ɧˊɞɡ: 

x = ŭɘɎɜɡůɛŬ Űɖɠ űŬůɛŬŰɘəɐɠ ɡˊɞɔɟŬűɐɠ ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ Űɖɠ ŮɘəɧɜŬɠ 

y = ŭɘɎɜɡůɛŬ Űɖɠ űŬůɛŬŰɘəɐɠ ɡˊɞɔɟŬűɐɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŮəˊŬɑŭŮɡůɖɠ 

n = Ŭɟɘɗɛɧɠ əŬɜŬɚɘɩɜ Űɖɠ ŮɘəɧɜŬɠ 

Ⱥˊɞɛɏɜɤɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɐ ŬˊɧůŰŬůɖ ɔɘŬ əɎɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞ Űɖɠ ŮɘəɧɜŬɠ, əŬŰŬŰɎůůɞɜŰŬɠ Űɞ 

ůŰɖɜ əŬŰɖɔɞɟɑŬ ˊɞɡ ŮɑɜŬɘ ˊɘɞ əɞɜŰɎ ɞɘ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ 

Ůɝɑůɤůɖ (Richards and Jia, 2006): 

ὼ ɴ ὅ P Ὠὼȟώ Ὠὼȟώᶪ Ὦ 

ɧˊɞɡ: 

Ck = ɖ əɎɚɡɣɖ ɔɖɠ əŬŰɖɔɞɟɑŬɠ k 

yk = ɖ űŬůɛŬŰɘəɐ ɡˊɞɔɟŬűɐ Űɖɠ əŬŰɖɔɞɟɑŬɠ k 

yj = ɖ űŬůɛŬŰɘəɐ ɡˊɞɔɟŬűɐ Űɖɠ əŬŰɖɔɞɟɑŬɠ j 

Ⱥˊɑůɖɠ, ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ɞɟɘůɗŮɑ əŬŰɩűɚɘ Ti, ɛŮ ůəɞˊɧ Űɖɜ ŮɝŬɑɟŮůɖ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ əɎŰɤ Ŭˊɧ 

Űɖɜ Űɘɛɐ ŬɡŰɐ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ:  

ὼ ɴ ὅ P Ὠὼȟώ Ὠὼȟώᶪ Ὦ 

əŬɘ 

Ὠὼȟώ Ὕ 

 

3.1.2 ȷɚɔɧɟɘɗɛɞɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ (Maximum Likelihood)  

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ ɡˊɞɚɞɔɑɕŮɘ Űɖɜ əŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ Űɘɠ 

əŬŰɖɔɞɟɑŮɠ, ɛŮ ɓɎůɖ Űɞ ɗŮɩɟɖɛŬ Űɞɡ Bayes, ŮəŰɘɛɩɜŰŬɠ ŮɎɜ ɏɜŬ ŮɘəɞɜɞůŰɞɘɢŮɑɞ ŬɜɐəŮɘ ůŰɖɜ 

əŬŰɖɔɞɟɑŬ əɎɚɡɣɖɠ ɔɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɟɑɕŮŰŬɘ ɖ əŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ Űɘɠ əŬŰɖɔɞɟɑŮɠ  

ɛŮ Űɖ ɛɞɟűɐ Ůɜɧɠ ˊɞɚɡɛŮŰŬɓɚɖŰɞɨ əŬɜɞɜɘəɞɨ ɛɞɜŰɏɚɞɡ (Richards & Jia, 2006). ũɘŬ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬɡŰɧɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ, ŬˊŬɘŰŮɑŰŬɘ ŮˊŬɟəɐɠ Ŭɟɘɗɛɧɠ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ ɤɠ ˊŮɟɘɞɢɐ 

ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ əɎɗŮ əŬŰɖɔɞɟɑŬ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɞ ˊɑɜŬəŬɠ ůɡɜŭɘŬůˊɞɟɎɠ (covariance 

matrix). ȼ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ ŮˊɘɚɨŮŰŬɘ ɔɘŬ əɎɗŮ ŮɘəɞɜɞůŰɞɘɢŮɑɞ (Richards & Jia, 2006) : 

Ὣ ÌÎὴὅ  
ρ

ς
ÌÎȿ ȿ  

ρ

ς
ὼ ώ   ὼ ώ  

ɧˊɞɡ: 

Ck = ɖ əɎɚɡɣɖ ɔɖɠ əŬŰɖɔɞɟɑŬɠ k 

x = Űɞ ŭɘɎɜɡůɛŬ űŬůɛŬŰɘəɐɠ ɡˊɞɔɟŬűɐɠ Űɞɡ ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ Űɖɠ ŮɘəɧɜŬɠ 

p(Ck) = ɖ ˊɘɗŬɜɧŰɖŰŬ ɧŰɘ ɖ ůɤůŰɐ əŬŰɖɔɞɟɑŬ ŮɑɜŬɘ ɖ Ck 
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|Ɇk| = ɖ ɞɟɑɕɞɡůŬ Űɞɡ ˊɑɜŬəŬ ůɡɜŭɘŬůˊɞɟɎɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Ck 

Ɇk
-1 = ɞ ŬɜŰɑůŰɟɞűɞɠ Űɞɡ ˊɑɜŬəŬ ůɡɜŭɘŬůˊɞɟɎɠ  

yk = Űɞ ŭɘɎɜɡůɛŬ Űɖɠ űŬůɛŬŰɘəɐɠ ɡˊɞɔɟŬűɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ k 

Ⱥˊɞɛɏɜɤɠ: 

ὼ ɴ ὅ P Ὣ ὼ Ὣ ὼ Ὧᶅ Ὦ 

 

ʅ˔ʺ˃ʰ 3.1 - ʃʰˊʱʵʶʽʴ˃ʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˃ʶ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ɾʷʴʽˋˍʹˌ ˉʽʻʰ˄ˇ˒ʱ˄ʶʽʰˌ 

 

ȾŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɛˊɞɟŮɑ ɜŬ ɞɟɘůɗŮɑ əŬŰɩűɚɘ Ti, ɛŮ ůəɞˊɧ Űɖɜ ŮɝŬɑɟŮůɖ 

ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ əɎŰɤ Ŭˊɧ Űɖɜ Űɘɛɐ ŬɡŰɐ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ:  

ὼ ɴ ὅ P Ὣ ὼ Ὣ ὼ Ὧᶅ Ὦ 

əŬɘ 

Ὣ ὼ Ὕ 

ɞ ůɡɔəŮəɟɘɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ Ŭˊɧ Űɞɡɠ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞɡɠ ůŰɖɜ ŮˊɘɓɚŮˊɧɛŮɜɖ 

ŰŬɝɘɜɧɛɖůɖ, ˊŬɟɧɚɞ ˊɞɡ ɖ ŭɘŬŭɘəŬůɑŬ ŰŬɝɘɜɧɛɖůɖɠ ŭɘŬɟəŮɑ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

ŮɚɎɢɘůŰɖɠ ŬˊɧůŰŬůɖɠ.  

 

3.1.3 ȷɚɔɧɟɘɗɛɞɠ əŬɗɞɟɘůɛɞɨ űŬůɛŬŰɘəɐɠ ɔɤɜɑŬɠ (Spectral Angle Mapping) 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ əŬɗɞɟɘůɛɞɨ űŬůɛŬŰɘəɐɠ ɔɤɜɑŬɠ ɡˊɞɚɞɔɑɕŮɘ Űɖ űŬůɛŬŰɘəɐ ɔɤɜɑŬ ŬɜɎɛŮůŬ ůŰɘɠ 

űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ Űɖɠ ŮɘəɧɜŬɠ əŬɘ Űɤɜ ˊŮɟɘɞɢɩɜ ŮəˊŬɑŭŮɡůɖɠ. ȼ 

űŬůɛŬŰɘəɐ ɔɤɜɑŬ ɗ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɤɠ (Kruse et al., 1993): 

—ὼȟώ  ÃÏÓ
В ὼ

В ὼ ᶻВ ώ

 

ɧˊɞɡ: 

x = Űɞ ŭɘɎɜɡůɛŬ Űɖɠ űŬůɛŬŰɘəɐɠ ɡˊɞɔɟŬűɐɠ ŮɘəɞɜɞůŰɞɘɢŮɑɞɡ Űɖɠ ŮɘəɧɜŬɠ 

y = Űɞ ŭɘɎɜɡůɛŬ Űɖɠ űŬůɛŬŰɘəɐɠ ɡˊɞɔɟŬűɐɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŮəˊŬɑŭŮɡůɖɠ 

n = ɞ Ŭɟɘɗɛɧɠ Űɤɜ əŬɜŬɚɘɩɜ Űɖɠ ŮɘəɧɜŬɠ 

Ⱥˊɞɛɏɜɤɠ, ɏɜŬ ŮɘəɞɜɞůŰɞɘɢŮɑɞ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ ɛŮ Űɖ ɛɘəɟɧŰŮɟɖ ɔɤɜɑŬ ŭɖɚŬŭɐ: 
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ὼ ɴ ὅ P —ὼȟώ —ὼȟώ Ὧᶅ Ὦ 

ɧˊɞɡ: 

Ck = ɖ əɎɚɡɣɖ ɔɖɠ əŬŰɖɔɞɟɑŬɠ k 

yk = ɖ űŬůɛŬŰɘəɐ ɡˊɞɔɟŬűɐ Űɖɠ əŬŰɖɔɞɟɑŬɠ k 

yj = ɖ űŬůɛŬŰɘəɐ ɡˊɞɔɟŬűɐ Űɖɠ əŬŰɖɔɞɟɑŬɠ j 

 

ʅ˔ʺ˃ʰ оΦ2 - ʃʰˊʱʵʶʽʴ˃ʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˃ʶ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ Spectral Angle Mapping. 

 

ɔɘŬ ɜŬ ŮɝŬɘɟŮɗɞɨɜ ŮɘəɞɜɞůŰɞɘɢŮɑŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ əɎŰɤ Ŭˊɧ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ ɞɟɑɕŮŰŬɘ əŬɘ Ůŭɩ, əŬŰɩűɚɘ Ti,:  

ὼ ɴ ὅ P —ὼȟώ —ὼȟώ Ὧᶅ Ὦ 

əŬɘ 

—ὼȟώ Ὕ 

 

3.1.4 ɀɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ (Support Vector Machines - SVM) 

Ƀɘ ɛɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ əɚɎŭɞ Űɖɠ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ 

(Machine Learning) əŬɘ ŬˊɞŰŮɚɞɨɜ ɛɞɜŰɏɚŬ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɎɗɖůɖɠ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

Ůɡɟɏɤɠ ůŮ ŮűŬɟɛɞɔɏɠ ŬɜɎɚɡůɖɠ ŭŮŭɞɛɏɜɤɜ, ŰŬɝɘɜɧɛɖůɖɠ ə.Ŭ. ȷűɞɨ ŭɞɗɞɨɜ ŭŮŭɞɛɏɜŬ 

ŮəˊŬɑŭŮɡůɖɠ, ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɞɑ ŰŬ ŭɘŬɢɤɟɑɕɞɡɜ ůŮ ŭɡɞ əɚɎůŮɘɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɡˊɞɚɞɔɑɕɞɜŰŬɠ əŬɘ ŮˊɘɚɏɔɞɜŰŬɠ Űɞ ɓɏɚŰɘůŰɞ çɧɟɘɞ ŬˊɧűŬůɖɠè (decision boundary) ɛŮŰŬɝɨ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ, Űɞ ɞˊɞɑɞ əŬɘ əŬɗɞɟɑɕŮɘ ůŮ ˊɞɘŬ əɚɎůɖ ŬɜɐəŮɘ Űɞ Ůˊɘɛɏɟɞɡɠ ŭŮɑɔɛŬ. ɇɞ ɧɟɘɞ ŬɡŰɧ, 

ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ɔɟŬɛɛɐ ˊɞɡ ŭɘɢɞŰɞɛŮɑ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɘɗŬɜɧ əŮɜɧ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ 

ŭɡɞ əŬŰɖɔɞɟɘɩɜ. ȼ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡ ɞɟɑɞɡ ŬˊɧűŬůɖɠ əŬɘ Űɞɡ Ůˊɘˊɏŭɞɡ ŭŮŭɞɛɏɜɤɜ Űɖɠ 

ɛɘŬɠ əŬŰɖɔɞɟɑŬɠ ɞɜɞɛɎɕŮŰŬɘ çˊŮɟɘɗɩɟɘɞè (margin) əŬɘ ŰŬ ŭŮɑɔɛŬŰŬ Űɤɜ əŬŰɖɔɞɟɘɩɜ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ˊɘɞ əɞɜŰɎ ůŰɞ ɧɟɘɞ ŬˊɧűŬůɖɠ ɞɜɞɛɎɕɞɜŰŬɘ çŭɘŬɜɨůɛŬŰŬ ɡˊɞůŰɐɟɘɝɖɠè (support 

vectors). ȰŰůɘ ɚɞɘˊɧɜ, ˊɟɞɓɎɚɚɞɜŰŬɠ ŰŬ ɜɏŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ əŬɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əɞɜŰɘɜɧŰŮɟɖ ŬˊɧůŰŬůɖ Űɞɡ ˊŮɟɘɗɤɟɑɞɡ, ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ ɛɘŬ Ŭˊɧ Űɘɠ ŭɡɞ 

əŬŰɖɔɞɟɑŮɠ. 
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ʅ˔ʺ˃ʰ оΦ3 - ʁʽ ʵʽʱ˒ˇˊʶˌ ˉʽʻʰ˄ʷˌ ʴˊʰ˃˃ʷˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˔˖ˊʾˋˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ н ˁʰˍʹʴˇˊʾʶˌ όɮˊʽˋˍʶˊʱύΦ ɶ 
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ɆɡůŰɐɛŬŰŬ ˊɞɚɚɩɜ əɚɎůŮɤɜ 

ȷɟɢɘəɎ ɞɘ ɀɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ ŬɜŬˊŰɨɢɗɖəŬɜ ɔɘŬ Űɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ 

ŭŮŭɞɛɏɜɤɜ ůŮ ŭɡɞ əɚɎůŮɘɠ. ȳɛɤɠ, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŮűŬɟɛɞɔɩɜ ŰŬɝɘɜɧɛɖůɖɠ, ŬˊŬɘŰɞɨɜ 

ŭɘŬɢɤɟɘůɛɧ ŭŮɘɔɛɎŰɤɜ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŭɡɞ əŬŰɖɔɞɟɑŮɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ˊŬɟŬɚɚŬɔɏɠ əŬɘ ŮˊŮəŰɎůŮɘɠ Űɖɠ ɛŮɗɧŭɞɡ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ 

əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ ˊŮɟɘůůɧŰŮɟɤɜ əɚɎůŮɤɜ. Ƀɘ ˊɘɞ ɔɜɤůŰɏɠ ɛɏɗɞŭɞɘ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ: 

¶ ɀɏɗɞŭɞɠ çɏɜŬɠ ŮɜŬɜŰɑɞɜ ɧɚɤɜè (one-against-all) 

¶ ɀɏɗɞŭɞɠ çɏɜŬɠ ŮɜŬɜŰɑɞɜ Ůɜɧɠè (one-against-one) 

¶ ɀɏɗɞŭɞɠ Űɤɜ əŬɗɞŭɖɔɞɨɛŮɜɤɜ ɛɖ ï əɡəɚɘəɩɜ ɔɟŬűɖɛɎŰɤɜ (Directed acylic graphs 

SVM ï DAGSVM) 

¶ Ƀɘ əɩŭɘəŮɠ ŭɘɧɟɗɤůɖɠ ůűɎɚɛŬŰɞɠ Ůɝɧŭɞɡ  

¶ ȼ ɛɏɗɞŭɞɠ Crammer and Singer ˊɞɡ ŬɜɎɔŮɘ Űɞ ˊɟɧɓɚɖɛŬ ůŮ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

 

ɀɖ ɔɟŬɛɛɘəɞɑ ŰŬɝɘɜɞɛɖŰɏɠ 

 ȺəŰɧɠ Ŭˊɧ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɟŬɛɛɘəɩɜ ŰŬɝɘɜɞɛɐůŮɤɜ, ɞɘ ɛɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ɛŮ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ ɔɟŬɛɛɘəɎ 

ŭɘŬɢɤɟɑůɘɛŬ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŭɘɎűɞɟɞɘ ɛɏɗɞŭɞɘ əŬɘ ůɡɜŬɟŰɐůŮɘɠ ɛŮɟɘəɞɑ 

Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬəɎŰɤ: 

¶ ɇɞ ŰɏɢɜŬůɛŬ Űɞɡ ˊɡɟɐɜŬ 

¶ ɆɡɜɗɐəŮɠ Mercer 

¶ ɆɡɜŬɟŰɐůŮɘɠ ɄɡɟɐɜŬ (Kernel Functions) ůŮ ůɡɜŬɟŰɐůŮɘɠ ũɟŬɛɛɘəɞɨ əŬɘ 

Ʉɞɚɡɤɜɡɛɘəɞɨ ˊɡɟɐɜŬ 

¶ ɆɘɔɛɞŮɘŭɐɠ ɄɡɟɐɜŬɠ (Sigmoid Kernel) 

 

http://www.docs.opencv.org/


3 ɇŬɝɘɜɧɛɖůɖ ȹŮŭɞɛɏɜɤɜ əŬɘ ȷɝɘɞɚɧɔɖůɖ 

ůŮɚ. 46 

 

ɀŮɑɤůɖ ŭɘɎůŰŬůɖɠ ŭŮŭɞɛɏɜɤɜ (Dimensionality Reduction)  

ȾŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŰɖɚŮˊɘůəɞˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɧůɞ ɡˊŮɟűŬůɛŬŰɘəɩɜ ɧůɞ əŬɘ 

ˊɞɚɡűŬůɛŬŰɘəɩɜ, ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ɛŮɑɤůɖ Űɞɡ əŬŰŬɚŬɛɓŬɜɧɛŮɜɞɡ ɧɔəɞɡ Űɞɡɠ əŬɘ ˊŬɟɎɚɚɖɚŬ 

Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ űɧɟŰɞɡ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ, ŮˊɘɢŮɘɟŮɑŰŬɘ ɖ 

ɛŮɑɤůɖ Űɖɠ ŰɟɑŰɖɠ ŭɘɎůŰŬůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɈˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ŰŮɢɜɘəɏɠ ˊɞɡ Ůˊɘɚɨɞɡɜ Űɞ 

ˊŬɟŬˊɎɜɤ ˊɟɧɓɚɖɛŬ, ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛŮɗɞŭɞɚɞɔɑŬ  

çȷɜɎɚɡůɖɠ Ⱦɡɟɑɤɜ ɆɡɜɘůŰɤůɩɜè (Principal Component Analysis ï PCA). ɆŰɖ ŭɘŬŭɘəŬůɑŬ 

ŬɡŰɐ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬɠ ɞɟɗɞɔɤɜɘəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ɧˊɞɡ ɛŮŰŬŰɟɏˊŮɘ ɏɜŬ ůɨɜɞɚɞ 

ůɡůɢŮŰɘɕɧɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ, ůŮ ɏɜŬ ůɨɜɞɚɞ ŬůɡůɢɏŰɘůŰɤɜ ɔɟŬɛɛɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ, ɞɘ ɞˊɞɑŮɠ 

ɞɜɞɛɎɕɞɜŰŬɘ çȾɨɟɘŮɠ ɆɡɜɘůŰɩůŮɠè (Principal Components). ɆŰɘɠ ˊɞɚɡűŬůɛŬŰɘəɏɠ ɐ 

ɡˊŮɟűŬůɛŬŰɘəɏɠ ŮɘəɧɜŮɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɚɡůɖ PCA ůŰɖ 3ɖ ŭɘɎůŰŬůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɛŮ 

ůəɞˊɧ Űɖɜ ŬɘůɗɖŰɐ ɛŮɑɤůɖ Űɞɡ ɧɔəɞɡ Űɞɡɠ, ɢɤɟɑɠ ɜŬ ɢɎɜŮŰŬɘ ɛŮɔɎɚɞ ˊɞůɞůŰɧ ˊɚɖɟɞűɞɟɑŬɠ.  

 

3.2 ȹŮŭɞɛɏɜŬ ŬɜŬűɞɟɎɠ 

ɆŰɘɠ ŮˊɘɓɚŮˊɧɛŮɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ, ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ Űɞ ɢɟɐůŰɖ ŭɖɛɘɞɡɟɔɑŬ ŭŮŭɞɛɏɜɤɜ ŬɜŬűɞɟɎɠ 

ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ůɡɜɐɗɤɠ ˊɞɚɨɔɤɜŬ ɛŮ ŭɘŬəɟɘŰɏɠ ˊŮɟɘɞɢɏɠ ůŰɞ ɏŭŬűɞɠ ŰŬ ɞˊɞɑŬ Ŭűɞɟɞɨɜ ɛɘŬ 

ůɡɔəŮəɟɘɛɏɜɖ əŬŰɖɔɞɟɑŬ ŰŬɝɘɜɧɛɖůɖɠ. ɀɏɟɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɡŰɩɜ ŬɟɢɘəɎ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ ɩůŰŮ ɜŬ çŮəˊŬɘŭŮɡŰŮɑè ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ɡˊɞɚɞɔɑɕɞɜŰŬɠ əŬɘ ŬɜŬɚɨɞɜŰŬɠ Űɘɠ űŬůɛŬŰɘəɏɠ Űɞɡɠ ɡˊɞɔɟŬűɏɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ŭɘŬűɞɟŮŰɘəɧ 

ɛɏɟɞɠ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŭŮŭɞɛɏɜŬ Ůɚɏɔɢɞɡ ɛŮ ŰŬ ɞˊɞɑŬ ŮəŰɘɛɩɜŰŬɘ ɞɘ ŬəɟɑɓŮɘŮɠ əŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ.  

ȷűɞɨ ŮɜŰɞˊɑůŰɖəŬɜ əŬɘ ŬɜŬɚɨɗɖəŬɜ ɚŮˊŰɞɛŮɟɩɠ ɞɘ əɡɟɑŬɟɢŮɠ əŬɚɨɣŮɘɠ əŬɘ ŰŬ ɡɚɘəɎ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ůɡɜɞɚɘəɎ 9 əŬŰɖɔɞɟɑŮɠ ŰŬɝɘɜɧɛɖůɖɠ. Ƀɘ əŬŰɖɔɞɟɑŮɠ ŬɡŰɏɠ 

ɛŬɕɑ ɛŮ ŰŬ ɢɟɩɛŬŰŬ əŬɘ əɎˊɞɘŬ ŮɜŭŮɘəŰɘəɎ ˊɞɚɨɔɤɜŬ Űɖɠ əɎɗŮ ɛɑŬɠ ɧˊɤɠ űŬɑɜɞɜŰŬɘ ˊɎɜɤ ůŰŬ 

ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ ŬɜɎ ŬɘůɗɖŰɐɟŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɑ́ɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ (ɄɑɜŬəŬɠ 

3.1).  

ɆŰɖ ůɡɜɏɢŮɘŬ ɏɔɘɜŮ ɚŮˊŰɞɛŮɟɐɠ ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɡɔɩɜɤɜ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Ůɚɏɔɢɞɡ ɔɘŬ əɎɗŮ 

əŬŰɖɔɞɟɑŬ ŰŬɝɘɜɧɛɖůɖɠ ůŮ ŭɘŬɜɡůɛŬŰɘəɎ ŬɟɢŮɑŬ (Vectors) ůŰɞ ɚɞɔɘůɛɘəɧ QGIS, ɞɛɞɘɧɛɞɟűŬ 

əŬŰŬɜŮɛɖɛɏɜŬ ůŮ ɧɚɖ Űɖ ŭɘŬɗɏůɘɛɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɛɏůɤ Űɞɡ ɑŭɘɞɡ ɚɞɔɘůɛɘəɞɨ, 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ əŬɗɩɠ əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůɡɜɞɚɘəɩɜ 

ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ (pixels) Űɤɜ ˊŮŭɑɤɜ ŮəˊŬɑŭŮɡůɖɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ˊɞɚɡűŬůɛŬŰɘəɞɨ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɞɨ ŬɘůɗɖŰɐɟŬ.  

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɖ ɛŮɗɞŭɞɚɞɔɑŬ ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ ɡˊŮɟűŬůɛŬŰɘəɩɜ 

ɛɤůŬɥəɩɜ ůŰɞ ɚɞɔɘůɛɘəɧ QGIS, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ŭŮŭɞɛɏɜŬ ŬɜŬűɞɟɎɠ ɏɜŬ ůɖɛŬɜŰɘəɎ 

ɛŮɘɤɛɏɜɞ ɡˊɞůɨɜɞɚɞ Űɞɡ ůɡɜɞɚɘəɞɨ Ŭɟɘɗɛɞɨ ˊŮɟɘɞɢɩɜ ŮəˊŬɑŭŮɡůɖɠ / Ůɚɏɔɢɞɡ əŬɘ ɧɢɘ Űɞ 

ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰŬ ˊɞɚɡűŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ (ɆɢɐɛŬ 3.4). 
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ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ŬűŮɜɧɠ ɚɧɔɤ Űɖɠ ɛɘəɟɧŰŮɟɖɠ ˊŮɟɘɞɢɐɠ əɎɚɡɣɖɠ ůŰɘɠ ɡˊŮɟűŬůɛŬŰɘəɏɠ ŮɘəɧɜŮɠ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊɞɚɡűŬůɛŬŰɘəɏɠ, ŬűŮŰɏɟɞɡ ůŰɞɜ ɛŮɔɎɚɞ ɧɔəɞ Űɤɜ ɡˊŮɟűŬůɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ůŰɖ ɢɟɞɜɞɓɧɟŬ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ űŬůɛŬŰɘəɐɠ ɡˊɞɔɟŬűɐɠ ɔɘŬ əɎɗŮ ɜɏɞ 

ˊɞɚɨɔɤɜɞ ŮəˊŬɑŭŮɡůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ůŰɘɠ ŰŬɝɘɜɞɛɐůŮɘɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɡŰɩɜ, ůɡɛɛŮŰŮɑɢŬɜ 

ɧɚŬ ŰŬ ŭɘŬɗɏůɘɛŬ əŬɜɎɚɘŬ Űɞɡ ɡˊŮɟűŬůɛŬŰɘəɞɨ ŬɘůɗɖŰɐɟŬ (328).  

Ⱥɜ ŬɜŰɘɗɏůŮɘ, əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ ɈˊŮɟűŬůɛŬŰɘəɩɜ ɛɤůŬɥəɩɜɛŮ əɩŭɘəŬ Űɖɠ 

ɔɚɩůůŬɠ Python, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŬɜŬűɞɟɎɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ 

(ɆɢɐɛŬŰŬ 3.5, 3.6, 3.7) əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŰŬɝɘɜɞɛɐůŮɘɠ ɔɘŬ ŭɘɎűɞɟŬ ˊɞůɞůŰɎ 

ŮəˊŬɑŭŮɡůɖɠ ï Ůɚɏɔɢɞɡ (20%-80%, 35%-50%, 65%-35%, 80%-20% ŬɜŰɑůŰɞɘɢŬ) əŬɘ ůŰɘɠ ŭɡɞ 

ɛŮɗɧŭɞɡɠ (SVM ɛŮ PCA əŬɘ SVM ɛŮ ɧɚŬ ŰŬ əŬɜɎɚɘŬ əŬŰŬɔɟŬűɐɠ). 
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ʃʾ˄ʰˁʰˌ 3.1 - ʃʾ˄ʰˁʰˌ ʰ˄ʱ˂ˎˋʹˌ ˁʰˍʹʴˇˊʽ˗˄ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌΦ ʅˍˇ˄ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ˇ˄ˈ˃ʰˍʰ ˁʰʽ ˔ˊ˗˃ʰˍʰ ˍʹˌ 
ˁʱʻʶ ˁʰˍʹʴˇˊʾʰˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰˌ ˋˍʰ ʵʽʰʻʷˋʽ˃ʰ ˒ʱˋ˃ʰˍʰΦ 

 ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ 
(G-R-NIR) 

ɸʶˊ˃ʽˁʺ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ 
(145-75-45) 

1. Deep 
Water   

  

  

----- 

2. Coastal 
Water 

 

   
3. Port 
Water   

  

   
4. Low 

Vegetation

 

   
5. High 

Vegetation

 

   
6. Soil  
Dark      

 

   
7. Soil  
Light       

 

   
8. Asphalt     

 

   
10. Boats
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ʅ˔ʺ˃ʰ оΦ4 - ʋʱˊˍʹˌ ʰˉʶʽˁˈ˄ʽˋʹˌ ˍ˖˄ ʃˇ˂ˎʴ˗˄˖˄ ʶˁˉʰʾʵʶˎˋʹˌ όɾˉ˂ʶ ˔ˊ˗˃ʰύ ˁʰʽ ʶ˂ʷʴ˔ˇˎ όʃˊʱˋʽ˄ˇ ˔ˊ˗˃ʰύ ˋˍˇ˄ 
RGB ̌ ˊʻˇ˒˖ˍˇ˔ʱˊˍʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ 

 

 

ʅ˔ʺ˃ʰ 3.5 - ʋʱˊˍʹˌ ʰˉʶʽˁˈ˄ʽˋʹˌ ˍ˖˄ ʃˇ˂ˎʴ˗˄˖˄ ʶˁˉʰʾʵʶˎˋʹˌ ˁʰʽ ʶ˂ʷʴ˔ˇˎ ˋˍˇ RGB ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˈ ˃˖ˋʰʿˁˈ όмύ 
˃ʶ ˈ˂ʶˌ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌΦ 
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ʅ˔ʺ˃ʰ оΦ6 - ʋʱˊˍʹˌ h ˉʶʽˁˈ˄ʽˋʹˌ ˍ˖˄ ʃˇ˂ˎʴ˗˄˖˄ ʶˁˉʰʾʵʶˎˋʹˌ ˁʰʽ ʶ˂ʷʴ˔ˇˎ ˋˍˇ RGB ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˈ ˃˖ˋʰʿˁˈ ό2) 
˃ʶ ˈ˂ʶˌ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌΦ 

 

 

ʅ˔ʺ˃ʰ оΦ7 - ʋʱˊˍʹˌ ʰˉʶʽˁˈ˄ʽˋʹˌ ˍ˖˄ ʃˇ˂ˎʴ˗˄˖˄ ʶˁˉʰʾʵʶˎˋʹˌ ˁʰʽ ʶ˂ʷʴ˔ˇˎ ˋˍˇ RGB ʇˉʶˊ˒ʰˋ˃ʰˍʽˁˈ ˃˖ˋʰʿˁˈ ό3) 
˃ʶ ˈ˂ʶˌ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌΦ 
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3.3 ūŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ 

Ƀɘ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ əɎɗŮ əŬŰɖɔɞɟɑŬ Ŭˊɧ Űɞɜ ˊɞɚɡűŬůɛŬŰɘəɧ 

ŬɘůɗɖŰɐɟŬ Űɖɠ Sequoia ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰŬ ŮˊɧɛŮɜŬ ůɢɐɛŬŰŬ. ɂŮəɘɜɩɜŰŬɠ ɛŮ ŰŬ ɗŬɚɎůůɘŬ 

ɨŭŬŰŬ, ɧˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɡɣɖɚɏɠ əŬŰŬɔŮɔɟŬɛɛɏɜŮɠ Űɘɛɏɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ 

ůŰɞ ˊɟɎůɘɜɞ əŬɜɎɚɘ, ɗŬ ɡˊɐɟɢŮ əŬɘ ŮɛűŬɜɩɠ ɡɣɖɚɧŰŮɟɖ Ŭɜ ɡˊɐɟɢŮ Űɞ ɛˊɚŮ əŬɜɎɚɘ ůŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ˊɞɚɡűŬůɛŬŰɘəɐ, Ůɜɩ ɞɘ Űɘɛɏɠ ɛŮɘɩɜɞɜŰŬɘ ɞŭŮɨɞɜŰŬɠ ˊɟɞɠ Űɞ Ɏɚɚɞ Ɏəɟɞ Űɞɡ 

ůɢɐɛŬŰɞɠ ŭɖɚŬŭɐ ůŰɞ əɞɜŰɘɜɧ ɡˊɏɟɡɗɟɞ ɚɧɔɤ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ Ŭˊɧ Űɞ ɜŮɟɧ ůŰŬ 

ůɡɔəŮəɟɘɛɏɜɖ ɛɐəɖ əɨɛŬŰɞɠ. ɇŬ pixels Űɤɜ əŬŰɖɔɞɟɘɩɜ deep water, coastal water əŬɘ port 

water ŮɑɜŬɘ ůŮ ˊɚɐɗɞɠ 498316, 250630 əŬɘ 78844 ŬɜŰɑůŰɞɘɢŬ.  

 

ʅ˔ʺ˃ʰ оΦ8 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Deep Water h ˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 

 

 

ʅ˔ʺ˃ʰ оΦ9 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Coastal Water h ˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 
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ʅ˔ʺ˃ʰ оΦ10 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Port Water h ˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 

 

ȳůɞɜ ŬűɞɟɎ Űɖ ɓɚɎůŰɖůɖ, ɧˊɤɠ ŬɜŬɛɏɜŮŰŬɘ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ 

ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ůŰɞ əɧəəɘɜɞ əŬɜɎɚɘ ɞɘ ɞˊɞɑŮɠ ŬɡɝɎɜɞɜŰŬɘ ˊɟɞɠ Űɞ Red Edge əŬɘ NIR. 

ɄŬɟŬŰɖɟɩɜŰŬɠ ŰŬ ůɢɐɛŬŰŬ (ɆɢɐɛŬŰŬ 3.11, 3.12), ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ əŬŰɖɔɞɟɑŬ high 

vegetation ŬɡŰɧ ŭŮɜ ůɡɛɓŬɑɜŮɘ ůŰɖ low vegetation ɚɧɔɤ Űɞɡ ɧŰɘ ŬˊɞŰŮɚŮɑ ɝŮɟɐ ɓɚɎůŰɖůɖ əŬɘ 

Ůˊɞɛɏɜɤɠ ŭŮɜ ŬɜŬəɚɎŰŬɘ ɖ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ. ɇŬ pixels Űɤɜ əŬŰɖɔɞɟɘɩɜ high əŬɘ low 

vegetation ŮɑɜŬɘ 20197 əŬɘ 3458 ŬɜŰɑůŰɞɘɢŬ. 

 

ʅ˔ʺ˃ʰ оΦ11 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Low vegetation h ˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 
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ʅ˔ʺ˃ʰ о.12 ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ High vegetation h ˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 

 

ɇŬ ŮŭɎűɖ soil dark əŬɘ soil light ŮɛűŬɜɑɕɞɡɜ ˊŬɟɧɛɞɘŮɠ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ ɛŮŰŬɝɨ Űɞɡɠ, 

ŬɡŰɧ ˊɘɗŬɜɧɜ ŮɝɖɔŮɑŰŬɘ ɚɧɔɤ Űɖɠ ɛɘəɟɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɖɠ ůɨůŰŬůɖɠ Űɞɡ ŮŭɎűɞɡɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ŮɚŬűɟɩɠ Ŭɡɝɖɛɏɜɖ Űɘɛɐ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ůŰɞ soil light ůŰŬ 

əŬɜɎɚɘŬ Green əŬɘ Red, Űɞ ɞˊɞɑɞ ŮɜŭŮɢɞɛɏɜɤɠ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛŮɔŬɚɨŰŮɟɖ ŬɜɎəɚŬůɖ Űɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ çŬɜɞɘɢŰɞɨè ŮŭɎűɞɡɠ ůŰɞ ŰɛɐɛŬ űɎůɛŬŰɞɠ RGB. ɆŰɘɠ əŬŰɖɔɞɟɑŮɠ ŬɡŰɏɠ, ŰŬ 

ˊŮŭɑŬ ŮəˊŬɑŭŮɡůɖɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 14072 pixels ůŰɞ soil dark əŬɘ 11181 ůŰɞ soil light.  

 

ʅ˔ʺ˃ʰ оΦ13 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Soil Dark h ˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 
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ʅ˔ʺ˃ʰ 3.14 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Soil Light h ˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 

 

ȼ űŬůɛŬŰɘəɐ ɡˊɞɔɟŬűɐ Űɖɠ əŬŰɖɔɞɟɑŬɠ asphalt űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ (ɆɢɐɛŬ 3.15). 

ȼ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ Űɖɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ˊŮɟɑˊɞɡ 0,2 ɏɤɠ 0,1 ůŰŬ əŬɜɎɚɘŬ Green əŬɘ NIR 

ŬɜŰɑůŰɞɘɢŬ. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůɖɛŬɜŰɘəɧ Ŭɟɘɗɛɧ pixel Űɖɠ ŰɎɝɖɠ Űɞɡ 209466. 

 

ʅ˔ʺ˃ʰ оΦ15 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Asphalt h ˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 

 

ɇɏɚɞɠ, ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɖ əŬŰɖɔɞɟɑŬ Boats. ɆɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ 

űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ, ůŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɡɣɖɚɏɠ Űɘɛɏɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ 

ůŮ ɧɚŬ ŰŬ ɛɐəɖ əɨɛŬŰɞɠ əŬŰŬɔɟŬűɐɠ ɛŮ ɛɏɔɘůŰɖ Űɘɛɐ ˊŮɟɑˊɞɡ 0,43 ůŰɞ Green əŬɜɎɚɘ. ɄɘɗŬɜɧɜ 

ŬɡŰɐ ɖ ůɡɛˊŮɟɘűɞɟɎ ɞűŮɑɚŮŰŬɘ ůŰŬ ɡɚɘəɎ ŮˊɑůŰɟɤůɖɠ Űɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ˊɞɡ ŮɑɜŬɘ 

əŬŰŬůəŮɡŬůɛɏɜŬ ŰŬ ůəɎűɖ, ɛŮ ůəɞˊɧ ɜŬ ŬɜŰŬɜŬəɚɞɨɜ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ 

Űɞɡ ɐɚɘɞɡ ɔɘŬ ɜŬ ˊɟɞůŰŬŰŮɨɞɜŰŬɘ Ŭˊɧ Űɘɠ űɗɞɟɏɠ əŬɘ Űɞɜ ŬˊɞˊɞɚɡɛŮɟɘůɛɧ. 
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ʅ˔ʺ˃ʰ о.16 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Boats ʰˉˈ ˍʹ˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁʺ Sequoia. 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ Űɤɜ ˊŮŭɑɤɜ ŮəˊŬɑŭŮɡůɖɠ Ŭˊɧ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ Ŭˊɧ Űɞɜ ɡˊŮɟűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ Headwall VNIR. ȿɧɔɤ Űɖɠ 

ɡˊŮɟɡɣɖɚɐɠ űŬůɛŬŰɘəɐɠ ŬɜɎɚɡůɖɠ (328 əŬɜɎɚɘŬ Ŭˊɧ Űɞ ɞɟŬŰɧ ɏɤɠ Űɞ əɞɜŰɘɜɧ ɡˊɏɟɡɗɟɞ) Űɞɡ 

ůɡɔəŮəɟɘɛɏɜɞɡ ŬɘůɗɖŰɐɟŬ ŬɜŬɛɏɜɞɜŰŬɘ ɡˊɞɔɟŬűɏɠ ɛŮ ŬɝɘɞůɖɛŮɑɤŰŬ ˊŮɟɘůůɧŰŮɟɖ 

ˊɚɖɟɞűɞɟɑŬ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɡˊɎɟɢŮɘ əŬɘ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ůŰɖɜ Űɘɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ 

pixel ůŰɞ ɏŭŬűɞɠ ŬɜɎɛŮůŬ ůŰɞɜ ˊɞɚɡűŬůɛŬŰɘəɧ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ ŭɖɚŬŭɐ 8 cm / 

pixel əŬɘ 13 cm / pixel ŬɜŰɑůŰɞɘɢŬ.  

ȳůɞɜ ŬűɞɟɎ ŰŬ ŭɡɞ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɗɎɚŬůůŬɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ coastal 

water əŬɘ port water, ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬɘ Ůŭɩ ɛŮ ɚŮˊŰɞɛŮɟɏůŰŮɟɖ ŬɜɎɚɡůɖ ɞɘ ŮˊɘůɖɛɎɜůŮɘɠ 

ˊɞɡ ɏɔɘɜŬɜ ˊŬɟŬˊɎɜɤ. ɈˊɎɟɢɞɡɜ ɡɣɖɚɧŰŮɟŮɠ əŬŰŬɔŮɔɟŬɛɛɏɜŮɠ Űɘɛɏɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ůŮ 

Green, Blue əŬɜɎɚɘŬ Ůɜɩ ɛŮɘɩɜɞɜŰŬɘ ˊɟɞɠ Űɞ Red əŬɘ NIR. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ŮɘəɞɜɞůŰɞɘɢŮɑɤɜ 

ůŰɘɠ əŬŰɖɔɞɟɑŮɠ ŬɡŰɏɠ ŮɑɜŬɘ 2505 əŬɘ 4330 ŬɜŰɑůŰɞɘɢŬ.  

 

ʅ˔ʺ˃ʰ о.17 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Coastal Water h ˉˈ ˍʹ˄ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ HeadWall VNIR. 
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ʅ˔ʺ˃ʰ оΦ18 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Port Water h ˉˈ ˍʹ˄ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ HeadWall VNIR. 

 

ɆŰɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ űŬůɛŬŰɘəɏɠ ɡˊɞɔɟŬűɏɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŬɜŰɑůŰɞɘɢŮɠ ˊɟɞɖɔɞɨɛŮɜŮɠ, ɞɘ 

əŬŰɖɔɞɟɑŮɠ Űɖɠ ɓɚɎůŰɖůɖɠ ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ 

ɡɣɖɚɧŰŮɟŮɠ əŬŰŬɔŮɔɟŬɛɛɏɜŮɠ Űɘɛɏɠ. ȼ low vegetation ˊŬɟɞɡůɘɎɕŮɘ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ˊŮɟɑˊɞɡ 

ůŰɞ Green əŬɜɎɚɘ Ůɜɩ ɞɘ Űɘɛɏɠ ɛŮɘɩɜɞɜŰŬɘ ˊɟɞɠ Űɞ RED əŬɘ Űɞ NIR, Ůɜɩ ɖ high vegetation 

ŮɛűŬɜɑɕŮɘ ɛɏɔɘůŰɖ Űɘɛɐ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ůŰɞ NIR ɧˊɤɠ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ ɔɘŬ Űɖ ɓɚɎůŰɖůɖ. 

ɇŬ pixel Űɤɜ əŬŰɖɔɞɟɘɩɜ ŮɑɜŬɘ 6806 ɔɘŬ Űɖ low vegetation əŬɘ ɛɧɜɞ 176 ɔɘŬ Űɖ high vegetation 

ɚɧɔɤ Űɖɠ ɛɘəɟɧŰŮɟɖɠ ˊŮɟɘɞɢɐɠ ůŰɖɜ ŮɘəɧɜŬ.  

 

ʅ˔ʺ˃ʰ оΦ19 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Low vegetation h ˉˈ ˍʹ˄ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ HeadWall VNIR. 
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ʅ˔ʺ˃ʰ оΦ20 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ High vegetation h ˉˈ ˍʹ˄ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ HeadWall VNIR. 

 

ɇŬ ŮŭɎűɖ ɞɛɞɑɤɠ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ, ŮɛűŬɜɑɕɞɡɜ ˊŬɟɧɛɞɘŬ űŬůɛŬŰɘəɐ 

ɡˊɞɔɟŬűɐ, ɛŮ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůŰɖɜ əŬŰɖɔɞɟɑŬ soil light Ŭˊɧ ɧŰɘ ůŰɖ soil dark 

ˊɎɜɤ Ŭˊɧ 0,5 ɏɜŬɜŰɘ 0,4 ŬɜŰɑůŰɞɘɢŬ. ɄŬɟɧɚɞ Űɖ ɛɘəɟɐ ŭɘŬűɞɟɞˊɞɑɖůɖ, ɖ ˊɚɞɨůɘŬ űŬůɛŬŰɘəɐ 

ŬɜɎɚɡůɖ ɗŬ ˊŬɑɝŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ.  

 

ʅ˔ʺ˃ʰ оΦ21 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Soil Dark h ˉˈ ˍʹ˄ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ HeadWall VNIR. 

 

 

ʅ˔ʺ˃ʰ о.22 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Soil Light h ˉˈ ˍʹ˄ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ HeadWall VNIR. 

 



3 ɇŬɝɘɜɧɛɖůɖ ȹŮŭɞɛɏɜɤɜ əŬɘ ȷɝɘɞɚɧɔɖůɖ 

ůŮɚ. 58 

 

ȼ əŬŰɖɔɞɟɑŬ Űɖɠ ŬůűɎɚŰɞɡ ůŰɞ ůɢɐɛŬ (ɆɢɐɛŬ 3.23) ŮɛűŬɜɑɕŮɘ ɛɏɔɘůŰɖ Űɘɛɐ ˊŮɟɑˊɞɡ ůŰɞ 0,3 

ůŰɞ ɧɟɘɞ Űɞɡ Green əŬɘ Red əŬɜŬɚɘɞɨ Ůɜɩ ɞ Ŭɟɘɗɛɧɠ Űɤɜ pixel Űɖɠ ŮɑɜŬɘ 13129. 

 

ʅ˔ʺ˃ʰ оΦ23 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Asphalt h ˉˈ ˍʹ˄ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ HeadWall VNIR. 

 

ɇɏɚɞɠ, ɧůɞɜ ŬűɞɟɎ Űɖɜ əŬŰɖɔɞɟɑŬ boats ŮɛűŬɜɑɕŮɘ ɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ŬɡŰɐɜ Űɤɜ 

ˊɞɚɡűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ, űɡůɘəɎ ɛŮ ŬɟəŮŰɎ ɚŮˊŰɞɛŮɟɏůŰŮɟɖ ɡˊɞɔɟŬűɐ, ˊŬɟŬŰɖɟŮɑŰŬɘ 

ůɖɛŬɜŰɘəɐ ŬɜɎəɚŬůɖ əŬɗô ɧɚɞ Űɞ űɎůɛŬ Űɞɡ RGB Űɖɠ ŰɎɝɖɠ Űɞɡ ˊŮɟɑˊɞɡ 0,5. ȼ ůɡɔəŮəɟɘɛɏɜɖ 

ůɡɛˊŮɟɘűɞɟɎ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ˊŬɟɎɔɟŬűɞ ɞűŮɑɚŮŰŬɘ ůŰɘɠ ŮˊɘůŰɟɩůŮɘɠ Űɤɜ 

ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ Űɤɜ ůəŬűɩɜ.  

 

ʅ˔ʺ˃ʰ оΦ24 - ʊʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ˁʰˍʹʴˇˊʾʰˌ Boats ʰˉˈ ˍʹ˄ ʇˉʶˊ˒ʰˋ˃ʰˍʽˁʺ HeadWall VNIR. 

 

3.4 ɄŮɘɟŬɛŬŰɘəɎ ȷˊɞŰŮɚɏůɛŬŰŬ əŬɘ ȷɝɘɞɚɧɔɖůɖ 

ȷűɞɨ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛɤůŬɥəɎ ɧˊɤɠ ˊŮɟɘɔɟɎűɖəŮ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ŭɖɚŬŭɐ ɏɜŬ 

ɔɘŬ əɎɗŮ ŬɘůɗɖŰɐɟŬ əŬŰŬɔɟŬűɐɠ (ɄɞɚɡűŬůɛŬŰɘəɧ, ŪŮɟɛɘəɧ əŬɘ ɈˊŮɟűŬůɛŬŰɘəɧ) əŬɗɩɠ əŬɘ ɞ 

ůɡɜŭɡŬůɛɧɠ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŮɜŭŮɘəŰɘəɎ ɞɟɘůɛɏɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ ɛŮ 

ůəɞˊɧ ɜŬ ɛŮɚŮŰɖɗŮɑ əŬɘ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ŮűŬɟɛɞɔɏɠ 

ɢŬɟŰɞɔɟɎűɖůɖɠ. Ƀɘ ŰŬɝɘɜɞɛɐůŮɘɠ əŬɘ ɔɘŬ ŰŬ ŰɟɑŬ datasets ɡɚɞˊɞɘɐɗɖəŬɜ ůŰɞ ŮɚŮɨɗŮɟɞ 

ɚɞɔɘůɛɘəɧ QGIS əŬɘ Űɞ Ůɘŭɘəɧ plug-in ñSemi ï Automatic Classificationò Űɞ ɞˊɞɑɞ ŭɑɜŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ŮűŬɟɛɞɔɐɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ: Minimum Distance, Maximum Likelihood əŬɘ 
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Spectral Angle Mapping. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ŰŬɝɘɜɞɛɐůŮɘɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ɧɚɞɡɠ Űɘɠ ˊŬɟŬˊɎɜɤ ɛŮɗɧŭɞɡɠ əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮəŮɑɜɖ ɛŮ ŰŬ 

ɓɏɚŰɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮŰɎ Ŭˊɧ ˊɞɘɞŰɘəɧ əŬɘ ˊɞůɞŰɘəɧ ɏɚŮɔɢɞ. ȳůɞɜ ŬűɞɟɎ ŰŬ 

ɈˊŮɟűŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ, ɖ ŰŬɝɘɜɧɛɖůɖ ˊɟɞůŮɔɔɑůŰɖəŮ əŬɘ ɛɏůɤ əɩŭɘəŬ Űɖɠ ɔɚɩůůŬɠ 

Python, ɛŮ ŮűŬɟɛɞɔɐ ŰŬɝɘɜɞɛɖŰɐ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɘɠ ɀɖɢŬɜɏɠ ȹɘŬɜɡůɛɎŰɤɜ ɈˊɞůŰɐɟɘɝɖɠ 

(SVMs) ˊɞɡ ŬɜŬűɏɟɗɖəŮ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ.   

 

3.4.1 ɇŬɝɘɜɞɛɐůŮɘɠ ŭŮŭɞɛɏɜɤɜ: Semi ï Automatic Classification 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŬɟɎɔɟŬűɞ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰŬɝɘɜɞɛɐůŮɘɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ Semi 

ï Automatic Classification Űɞɡ QGIS. ȿɧɔɤ Űɞɡ ɧɔəɞɡ Űɤɜ ɡˊŮɟűŬůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɐŰŬɜ 

ŬŭɨɜŬŰɞ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŰŬ ɑŭɘŬ ŭŮŭɞɛɏɜŬ ŬɜŬűɞɟɎɠ ɛŮ ŰŬ ˊɞɚɡűŬůɛŬŰɘəɎ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ ŰŬ ˊɞɚɡűŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɞɚɡɔɩɜɤɜ 

ŮəˊŬɑŭŮɡůɖɠ / Ůɚɏɔɢɞɡ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 3.2, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ 

ɡˊŮɟűŬůɛŬŰɘəɎ ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬ ɛɘəɟɧ ɡˊɞůɨɜɞɚɞ Űɤɜ ˊɞɚɡɔɩɜɤɜ ŬɡŰɩɜ.  

 

ɇŬɝɘɜɧɛɖůɖ ɄɞɚɡűŬůɛŬŰɘəɞɨ ɀɤůŬɥəɞɨ ɛŮ Űɖ ɛɏɗɞŭɞ Maximum Likelihood 

ɆŰɖɜ ŰŬɝɘɜɧɛɖůɖ Űɞɡ ɛɤůŬɥəɞɨ Ŭˊɧ Űɞɜ ˊɞɚɡűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ ŮɛűɎɜɘůŮ ɛŮɔŬɚɨŰŮɟɖ 

ŮˊɘŰɡɢɑŬ ɞ Ŭɚɔɧɟɘɗɛɞɠ Maximum Likelihood. ȷəɞɚɞɨɗɤɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ Űɖ 

ůɡɜɞɚɘəɐ ŬəɟɑɓŮɘŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ (Overall Accuracy - OA) ŬɚɚɎ əŬɘ ɛŮ Űɘɠ Ůˊɘɛɏɟɞɡɠ ŬɜɎ 

əŬŰɖɔɞɟɑŬ (ɄɑɜŬəŬɠ 3.2), ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɞ ɢɎɟŰɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ (ɆɢɐɛŬŰŬ 3.25, 3.26). 

ɆŰɖɜ ŰŬɝɘɜɧɛɖůɖ ŬɡŰɐ, ˊŬɟŬŰɖɟŮɑŰŬɘ OA Űɖɠ ŰɎɝɖɠ Űɞɡ 76%, əɎŰɘ Űɞ ɞˊɞɑɞ ŬˊɞŰɡˊɩɜŮŰŬɘ 

ɔŮɜɘəɧŰŮɟŬ ůŰɖ ůɡɜɞɚɘəɐ ŮɘəɧɜŬ Űɞɡ ɢɎɟŰɖ.  ȷɜŬɚɡŰɘəɧŰŮɟŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ɡɣɖɚɎ ˊɞůɞůŰɎ PA, 

UA ůŰɘɠ əŬŰɖɔɞɟɑŮɠ deep water, vegetation əŬɘ asphalt, Ůɜɩ ɢŬɛɖɚɧŰŮɟŬ ŬɜŰɑůŰɞɘɢŬ ˊɞůɞůŰɎ 

ŮɛűŬɜɑɕɞɡɜ ɞɘ əŬŰɖɔɞɟɑŮɠ costal water, port water əŬɘ boats. ɇŬ ɢŬɛɖɚɎ ˊɞůɞůŰɎ ůŮ coastal 

water əŬɘ port water ˊɘɗŬɜɧɜ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŬˊɞɡůɑŬ Űɞɡ ɛˊɚŮ əŬɜŬɚɘɞɨ Ŭˊɧ Űɞɜ 

ůɡɔəŮəɟɘɛɏɜɞ ˊɞɚɡűŬůɛŬŰɘəɧ ŬɘůɗɖŰɐɟŬ. ȰŰůɘ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞŰɡˊɤɗɞɨɜ ɞɘ ŭɘŬűɞɟɏɠ 

ůŰɖɜ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ŬɜɎɛŮůŬ ůŰŬ Ůɑŭɖ Űɤɜ ɡŭɎŰɤɜ Ŭˊɧ Űɘɠ ŮɜŭŮɢɧɛŮɜŮɠ ŬɜŬəɚɎůŮɘɠ Űɞɡ 

ˊɡɗɛɏɜŬ ˊɞɡ ŮɜŭŮɢɞɛɏɜɤɠ ɗŬ ɏŭɘɜŮ Űɞ coastal water, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ůɤůŰɧ ŭɘŬɢɤɟɘůɛɧ 

Űɞɡɠ. ɇɞ ŮɛűŬɜɏɠ ůűɎɚɛŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ Űɧůɞ ůŰɞɜ ˊɑɜŬəŬ ɧůɞ əŬɘ ůŰɞ ɢɎɟŰɖ ŮɑɜŬɘ ůŰɖɜ 

əŬŰɖɔɞɟɑŬ boats. ȺəŮɑ ɏɢŮɘ ɚŬɜɗŬůɛɏɜŬ ŰŬɝɘɜɞɛɖɗŮɑ ɛɏɟɞɠ Űɖɠ ŬəŰɞɔɟŬɛɛɐɠ ˊɘɗŬɜɧɜ ɚɧɔɤ Űɤɜ 

ŬɜŬəɚɎůŮɤɜ Űɤɜ ɡɚɘəɩɜ (ˊɏŰɟŮɠ, ɓɟɎɢɘŬ) ˊɞɡ ɞɛɞɘɎɕɞɡɜ ɛŮ Űɘɠ ŬɜŬəɚɎůŮɘɠ Űɤɜ ůəŬűɩɜ.  
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ʃʾ˄ʰˁʰˌ 3.2 - ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʰ˅ʽ˄ˇ˃ʺˋʶ˖˄ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁ˗˄ ˃˖ˋʰʿˁ˗˄ ˃ʶ ˍʹ ˃ʷʻˇʵˇ Maximum Likelihood. 

Overall accuracy [%] = 76.72 

 PA (%) UA (%)  

1 - deep_water 98.35 98.63 

2 - coastal_water 38.11 92.74 

3 - port_water 86.35 25.80 

4 - low_vegetation 99.89 90.57 

5 - high_vegetation 99.93 76.84 

6 - soil_dark 90.91 70.28 

7 - soil_light 61.39 61.47 

8 - asphalt 98.05 92.07 

10- boats 86.35 25.80 

Kappa coefficient [%] = 70 
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ʅ˔ʺ˃ʰ 3.25 - ʁˊʻˇʶʽˁˈ˄ʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ʰˉˈ ʃ̌ ˂ˎ˒ʰˋ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰΦ 

 

 

ʅ˔ʺ˃ʰ 3.26 - ʋʱˊˍʹˌ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʹˌ ʶʽˁˈ˄ʰˌ ʃˇ˂ˎ˒ʰˋ˃ʰˍʽˁˇˏ ʁˊʻˇ˃˖ˋʰʿˁˇˏ ˃ʶ ˍʹ ˃ʷʻˇʵˇ Maximum 
Likelihood. 




























































































