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ɇɅȽɀȺȿȼɆ ɆɈɀȸɃɈȿȺɈɇȽȾȼ ȺɄȽɇɅɃɄȼ 

ɉŬɟɎɚŬɛˊɞɠ ȽɤŬɜɜɑŭɖɠ, ȾŬɗɖɔɖŰɐɠ Ⱥ.ɀ.Ʉ. (Eˊɘɓɚɏˊɤɜ) 

ȷɜŬůŰɎůɘɞɠ ȹɞɡɚɎɛɖɠ, Ⱥˊɑə. ȾŬɗɖɔɖŰɐɠ Ⱥ.ɀ.Ʉ. 

ȾɤɜůŰŬɜŰɑɜɞɠ ȾŬɟɎɜŰɕŬɚɞɠ, ȷɜŬˊɚ. ȾŬɗɖɔɖŰɐɠ Ⱥ.ɀ.Ʉ. 
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ȷɜŬůŰɎůɘɞɠ ȹɞɡɚɎɛɖɠ, Ⱥˊɑə. ȾŬɗɖɔɖŰɐɠ Ⱥ.ɀ.Ʉ. 

ȾɤɜůŰŬɜŰɑɜɞɠ ȾŬɟɎɜŰɕŬɚɞɠ, ȷɜŬˊɚ. ȾŬɗɖɔɖŰɐɠ Ⱥ.ɀ.Ʉ. 

ȹɖɛɐŰɟɖɠ ȷɟɔɘŬɚɎɠ, ȾŬɗɖɔɖŰɐɠ Ⱥ.ɀ.Ʉ. 

ȷɜŭɟɏŬɠ ũŮɤɟɔɧˊɞɡɚɞɠ, ȾŬɗɖɔɖŰɐɠ Ⱥ.ɀ.Ʉ. 

ɄɏŰɟɞɠ ɄŬŰɘɎɠ, ȾŬɗɖɔɖŰɐɠ ȷ.Ʉ.Ū. 

ɄŬɜŬɔɘɩŰɖɠ ɄŬɟŰůɘɜɏɓŮɚɞɠ, ȷɜŬˊɚ. ȾŬɗɖɔɖŰɐɠ ɄɞɚɡŰŮɢɜŮɑɞɡ ȾɟɐŰɖɠ 
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ȺɈɉȷɅȽɆɇȽȺɆ 

ɇɞ ɗɏɛŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ əŬɘ ɖ ŰɟɘɛŮɚɐɠ ůɡɛɓɞɡɚŮɡŰɘəɐ ŮˊɘŰɟɞˊɐ ɞɟɑůŰɖəŬɜ Űɞɜ ɀɎɘɞ 2014. 

ȷűŮŰɖɟɑŬ əŬɘ ˊɖɔɐ ɏɛˊɜŮɡůɖɠ ůŰɎɗɖəŮ ɖ ŮˊŬűɐ ɛŮ Űɖɜ ɏɟŮɡɜŬ ˊɞɡ ŭɘŮɝɎɔŮŰŬɘ ůŰŬ ŮɡɟɨŰŮɟŬ 

ˊŮŭɑŬ Űɖɠ ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ əŬɘ Űɖɠ ɇɖɚŮˊɘůəɧˊɖůɖɠ ŮűŬɟɛɧɕɞɜŰŬɠ ŰŮɢɜɘəɏɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŮɘəɧɜŬɠ əŬɘ ɧɟŬůɖɠ ɡˊɞɚɞɔɘůŰɩɜ. ȼ ŮˊɑŰŮɡɝɖ Ůɜɧɠ ŰɏŰɞɘɞɡ ůŰɧɢɞɡ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ 

ɢɤɟɑɠ Űɖ ůɡɜŮɘůűɞɟɎ əŬɘ Űɖ ůɡɛɓɞɚɐ ŬɟəŮŰɩɜ Ŭɜɗɟɩˊɤɜ ˊɞɡ ɛŮ ˊɚŬɘůɑɤůŬɜ ɧɚŬ ŬɡŰɎ ŰŬ 

ɢɟɧɜɘŬ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ŮəűɟɎɕɤ ɗŮɟɛɏɠ ŮɡɢŬɟɘůŰɑŮɠ ˊɟɞɠ: 

- ɇɞɜ ŮˊɘɓɚɏˊɞɜŰŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ ə. ɉŬɟɎɚŬɛˊɞ ȽɤŬɜɜɑŭɖ, ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ., ɔɘŬ Űɖ ŬŭɘɎəɞˊɖ 

ůŰɐɟɘɝɖ əŬɘ əŬɗɞŭɐɔɖůɖ Űɞɡ əŬɗô ɧɚɖ Űɖɠ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ ɛɞɡ Űɧůɞ ůŮ ˊɟŬəŰɘəɎ 

ɧůɞ əŬɘ ůŮ ɗŮɤɟɖŰɘəɎ ɗɏɛŬŰŬ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ˊŬɟɧŰɟɡɜůɖ ŬɜɎɚɖɣɖɠ ˊɟɤŰɞɓɞɡɚɘɩɜ. 

Ⱥˊɑůɖɠ, ɗɏɚɤ ɜŬ Űɞɜ ŮɡɢŬɟɘůŰɐůɤ ɔɘŬ Űɖ ŭɘɞɟŬŰɘəɧŰɖŰŬ Űɞɡ ɜŬ Ŭůɢɞɚɖɗɩ ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, 

ˊɞɡ ˊɟŬɔɛŬŰŮɨŮŰŬɘ ɖ ŭɘŬŰɟɘɓɐ, əŬɗɩɠ ŬˊɞŰŮɚŮɑ, əŬɘ ɗŬ ůɡɜŮɢɑɕŮɘ ɜŬ ŬˊɞŰŮɚŮɑ, ɏɜŬ űɚɏɔɞɜ 

ɕɐŰɖɛŬ ɛŮ ˊɞɚɚɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ŮˊɏəŰŬůɖɠ əŬɘ Ŭɝɘɞˊɞɑɖůɖɠ Űɞɡ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɚŮɞŭɞɛɑŬɠ, 

ɢɤɟɞŰŬɝɑŬɠ əŬɘ əŰɖɛŬŰɞɚɞɔɑɞɡ. 

- ɇɞɡɠ ə.ə. ȹɞɡɚɎɛɖ ȷɜŬůŰɎůɘɞ, Ⱥˊɑə. ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ. (ɛɏɚɞɠ Űɖɠ ŰɟɘɛŮɚɞɨɠ 

ůɡɛɓɞɡɚŮɡŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ) əŬɘ ȹɞɡɚɎɛɖ ɁɘəɧɚŬɞ, ȷɜŬˊɚ. ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ., ɞɘ ɞˊɞɑɞɘ 

Ŭˊɧ Űɖɜ ˊɟɩŰɖ ůŰɘɔɛɐ ɛɞɘɟɎůŰɖəŬɜ ŬˊɚɧɢŮɟŬ Űɘɠ ɔɜɩůŮɘɠ Űɞɡɠ əŬɘ ɐŰŬɜ ŭɘŬɗɏůɘɛɞɘ ɜŬ 

ŮɛɓŬɗɨɜɞɡɛŮ əŬɘ ɜŬ ůɡɜŮɟɔŬůŰɞɨɛŮ ůŰŮɜɎ. ɇɞɡɠ ŮɡɢŬɟɘůŰɩ Ůˊɑůɖɠ ɔɘŬ Űɘɠ ɘŭɏŮɠ Űɞɡɠ əŬɘ Űɘɠ 

ŮəŰŮɜŮɑɠ ůɡɕɖŰɐůŮɘɠ.    

- ɇɞɜ ə. ȾɤɜůŰŬɜŰɑɜɞ ȾŬɟɎɜŰɕŬɚɞ, ȷɜŬˊɚ. ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ. əŬɘ ɛɏɚɞɠ Űɖɠ ŰɟɘɛŮɚɞɨɠ 

ůɡɛɓɞɡɚŮɡŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ ɔɘŬ Űɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŮ ɛŮ Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ 

əŬɘ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ.  

- ɇŬ ɡˊɧɚɞɘˊŬ ɛɏɚɖ Űɖɠ ŮˊŰŬɛŮɚɞɨɠ ɛɞɡ ŮˊɘŰɟɞˊɐɠ: Űɞɜ ə. ȹɖɛɐŰɟɖ ȷɟɔɘŬɚɎ, ȾŬɗɖɔɖŰɐ 

Ⱥ.ɀ.Ʉ., Űɞɜ ə. ȷɜŭɟɏŬ ũŮɤɟɔɧˊɞɡɚɞ, ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ., Űɞɜ ə. ɄɏŰɟɞ ɄŬŰɘɎ, ȾŬɗɖɔɖŰɐ 

ȷ.Ʉ.Ū. əŬɘ Űɞɜ ə. ɄŬɜŬɔɘɩŰɖ ɄŬɟŰůɘɜɏɓŮɚɞ, ȷɜŬˊɚ. ȾŬɗɖɔɖŰɐ ɄɞɚɡŰŮɢɜŮɑɞɡ ȾɟɐŰɖɠ ɔɘŬ 

Űɖɜ ˊɟɧɗɡɛɖ ůɡɛɛŮŰɞɢɐ Űɞɡɠ ůŰɖɜ əɟɑůɖ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. 

- ɇɞɜ ȹɟ. ȾɤůŰŬɜŰɑɜɞ ɀŬəŬɜŰɎůɖ, ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ Űɞɡ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ 

ɛŮɗɧŭɤɜ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ Űɞɜ ɢɟɧɜɞ ˊɞɡ ŭɘɏɗŮŰŮ ɔɘŬ Űɖɜ ɎɛŮůɖ Ůˊɑɚɡůɖ Űɤɜ 

ɞˊɞɘɤɜŭɐˊɞŰŮ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ˊɟɞɏəɡˊŰŬɜ.  

- ɇɞɜ ȹɟ. ȺɡŰɨɢɖ ɄɟɤŰɞˊŬˊŬŭɎəɖ, ɛŮ Űɞɜ ɞˊɞɑɞ ŮɑɢŬ Űɖɜ Űɨɢɖ ɜŬ ůɡɜŮɟɔŬůŰɩ ůŰŮɜɎ ůŰɞɜ 

ŰŮɚŮɡŰŬɑɞ ɢɟɧɜɞ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ ɛɞɡ əŬɘ ɞ ɞˊɞɑɞɠ ɐŰŬɜ ˊɎɜŰŬ ŭɘŬɗɏůɘɛɞɠ əŬɘ 

ˊɟɧɗɡɛɞɠ ɜŬ ɓɞɖɗɐůŮɘ əŬɘ ɜŬ ůɡɕɖŰɐůɞɡɛŮ ŰŮɢɜɘəɎ ɗɏɛŬŰŬ.  
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- ɇɖɜ əŬ ɉɟɡůɐ ɄɧŰůɘɞɡ, ȾŬɗɖɔɐŰɟɘŬ Ⱥ.ɀ.Ʉ., ɔɘŬ Űɖɜ ɎɟɘůŰɖ ůɡɜŮɟɔŬůɑŬ ˊɞɡ ŮɑɢŬɛŮ ůŰŬ 

ˊɚŬɑůɘŬ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ 5DMuPLIS, ɔŮɔɞɜɧɠ ˊɞɡ ɛɞɡ ɎɜɞɘɝŮ ɜɏɞɡɠ 

ɞɟɑɕɞɜŰŮɠ ɔɘŬ Űɖɜ ŮűŬɟɛɞůɘɛɧŰɖŰŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ Űɖɠ ŭɘŬŰɟɘɓɐɠ ˊɏɟŬ Ŭˊɧ ŰŬ ˊŮŭɑŬ Űɖɠ 

ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ əŬɘ Űɖɠ ɇɖɚŮˊɘůəɧˊɖůɖɠ. 

- ɇɖɜ əŬ ɆɞűɑŬ Ɇɞɥɚɏ, MSc ȷɔɟɞɜɧɛɞ ɇɞˊɞɔɟɎűɞ ɀɖɢŬɜɘəɧ, ɔɘŬ Űɖɜ ɎɛŮůɖ ŬɜŰŬˊɧəɟɘůɖ 

əŬɘ ɓɞɐɗŮɘɎ Űɖɠ ůŮ ŰŮɢɜɘəɎ ɗɏɛŬŰŬ əŬɘ Űɖɜ ˊŬɟɞɢɐ ŭŮŭɞɛɏɜɤɜ. 

- ɇɞɜ ə. ȷɜŭɟɏŬ ũŮɤɟɔɧˊɞɡɚɞ, ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ., ɔɘŬ Űɖ ŭɘɎɗŮůɖ ŭŮŭɞɛɏɜɤɜ Űɞɡ Ʉɨɟɔɞɡ 

Űɤɜ ȷɜɏɛɤɜ.  

- ɇɞɜ ə. ũŮɩɟɔɘɞ ȾŬɟɟɎ, ɞɛ. ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ., ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ əŬɘ Űɞ ůɡɜŮɢɏɠ 

ŮɜŭɘŬűɏɟɞɜ Űɞɡ ɔɘŬ Űɖɜ ˊɞɟŮɑŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ.  

- ɇŬ ɛɏɚɖ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ, ŭɘɞɘəɖŰɘəɧ əŬɘ ŮɟŮɡɜɖŰɘəɧ ˊɟɞůɤˊɘəɧ, 

ɛŮŰŬˊŰɡɢɘŬəɞɨɠ űɞɘŰɖŰɏɠ əŬɘ ɡˊɞɣɐűɘɞɡɠ ŭɘŭɎəŰɞɟŮɠ ɔɘŬ Űɞ ŮɡɢɎɟɘůŰɞ ŬəŬŭɖɛŬɥəɧ əɚɑɛŬ 

ůɡɜŮɟɔŬůɑŬɠ.    

- ɇɖɜ ˊɟɧŮŭɟɞ əŬɘ ŭɘŮɡɗɨɜɞɡůŬ ůɨɛɓɞɡɚɞ, əŬ ɉŬɟŬɚŬɛˊɞˊɞɨɚɞɡ ȸŬůɘɚɘəɐ, Űɖɠ Geosystems 

Hellas, ɔɘŬ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ŭŮŭɞɛɏɜɤɜ əŬɘ ɚɞɔɘůɛɘəɩɜ. 

- ɇɞɡɠ űɑɚɞɡɠ ɛɞɡ ˊɞɡ ŬˊɞŰɏɚŮůŬɜ ɝŮɢɤɟɘůŰɎ ɞ əŬɗɏɜŬɠ ˊɖɔɐ ŭɨɜŬɛɖɠ əŬɘ ɩɗɖůɖɠ ɔɘŬ əɎɗŮ 

ɜɏɞ ɓɐɛŬ. 

- ɇɖ ɛɖŰɏɟŬ ɛɞɡ ȳɚɔŬ əŬɘ Űɘɠ ŬŭŮɚűɏɠ ɛɞɡ ȺɡŰɡɢɑŬ əŬɘ ȸŬɟɓɎɟŬ ɔɘŬ Űɖɜ ɖɗɘəɐ Űɞɡɠ ůŰɐɟɘɝɖ 

əŬɘ ŮɜɗɎɟɟɡɜůɖ ůŮ ɧɚŬ ŰŬ ɢɟɧɜɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ ɛɏɢɟɘ ůɐɛŮɟŬ əŬɘ, űɡůɘəɎ, Űɞɜ ˊŬŰɏɟŬ 

ɛɞɡ ɆŰŬɨɟɞ, ȾŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ., ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ, Ŭűɞůɑɤůɖ əŬɘ ˊɚɐɟɖ ůŰɐɟɘɝɖ Űɞɡ.   

- ɇɖɜ ŬɔŬˊɖɛɏɜɖ ɛɞɡ ůɨɕɡɔɞ ɀŬɟɑŬ-ȯɟŰŮɛɘɠ ɔɘŬ Űɖ ůɡɜŮɢɐ ŮɜɗɎɟɟɡɜůɖ, əŬŰŬɜɧɖůɖ əŬɘ 

ůŰɐɟɘɝɖ.    
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ȺȾɇȺɇȷɀȺɁȼ ɄȺɅȽȿȼɊȼ 

ȼ ůɡɜŮɢɐɠ ŰŮɢɜɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ ůŰŬ ˊŮŭɑŬ Űɖɠ ɔŮɤˊɚɖɟɞűɞɟɘəɐɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŮɘəɧɜŬɠ (image processing), Űɖɠ ɧɟŬůɖɠ ɡˊɞɚɞɔɘůŰɩɜ (computer vision), Űɖɠ ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ 

(photogrammetry) əŬɘ Űɖɠ ɇɖɚŮˊɘůəɧˊɖůɖɠ (remote sensing), ˊŬɟɏɢŮɘ ɜɏŬ ŮɟɔŬɚŮɑŬ əŬɘ 

ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŮɠ ɚɨůŮɘɠ ɔɘŬ ŮűŬɟɛɞɔɐ ůŮ ɛŮɚɏŰŮɠ ˊɞɚŮɞŭɞɛɑŬɠ, ɢɤɟɞŰŬɝɑŬɠ əŬɘ 

əŰɖɛŬŰɞɚɞɔɑɞɡ. ȺəŰɧɠ Ŭˊɧ Űɘɠ ˊŬɟŬŭɞůɘŬəɏɠ ŰŮɢɜɘəɏɠ, ˊɞɡ əɎɜɞɡɜ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ˊŮɟɘɏɢɞɡɜ Ŭɛɘɔɩɠ ɟŬŭɘɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ (ŮɜŬɏɟɘŮɠ ɐ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ) ɔɘŬ Űɖɜ ŬɡŰɧɛŬŰɖ 

ŬɜɑɢɜŮɡůɖ əŬɘ əŬŰɎŰɛɖůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɐ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ɛɑŬɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, 

ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ɏɢŮɘ ůŰɟŬűŮɑ ůŰɖ ɢɟɐůɖ ŰɟɘůŭɘɎůŰŬŰɤɜ (3ȹ) 

ɜŮűɩɜ ůɖɛŮɑɤɜ, ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ ŮɑŰŮ Ŭˊɧ ŮɜŬɏɟɘŬ ůɡůŰɐɛŬŰŬ LIDAR (LIght Detection and 

Ranging) ŮɑŰŮ Ŭˊɧ ŰŮɢɜɘəɏɠ ˊɡəɜɐɠ ůɡɜŰŬɨŰɘůɖɠ Ůɘəɧɜɤɜ (Dense Image Matching-DIM). ȷˊɧ Űɖɜ 

ŮəŰŮɜɐ ŬɜŬůəɧˊɖůɖ əŬɘ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůɢŮŰɘəɐɠ ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, ˊɟɞɏəɡɣŮ ˊɤɠ ɖ 

ŬɜɑɢɜŮɡůɖ, ɖ əŬŰɎŰɛɖůɖ əŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ŮɘəɧɜŮɠ əŬɘ ɜɏűɖ ůɖɛŮɑɤɜ 

ŬˊɞŰŮɚɞɨɜ ɗɏɛŬŰŬ ɛŮ ˊɟɞɞˊŰɘəɐ, ŭɡɜŬɛɘəɐ əŬɘ ɛŮɔɎɚɞ ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ, ɚɧɔɤ Űɤɜ ɞɚɞɏɜŬ 

əŬɘ ɛŮɔŬɚɨŰŮɟɤɜ ŬˊŬɘŰɐůŮɤɜ ɔɘŬ ŬəɟɑɓŮɘŬ, ŰŬɢɨŰɖŰŬ əŬɘ ɞɘəɞɜɞɛɑŬ.  

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɔɑɜŮŰŬɘ ŮəŰŮɜɐɠ əŬɘ ɚŮˊŰɞɛŮɟɐɠ ˊɟɞůɏɔɔɘůɖ Űɤɜ ŮˊɘůŰɖɛɞɜɘəɩɜ ˊŮŭɑɤɜ 

Űɖɠ ŬɜɑɢɜŮɡůɖɠ, Űɖɠ əŬŰɎŰɛɖůɖɠ əŬɘ Űɞɡ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ŮɘəɧɜŮɠ əŬɘ ɜɏűɖ 

ůɖɛŮɑɤɜ ɛɏůŬ Ŭˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ ɛɑŬɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ, ɛŮ ˊɟɤŰɧŰɡˊŬ ůŰɞɘɢŮɑŬ ůŰŬ 

Ůˊɘɛɏɟɞɡɠ ůŰɎŭɘɎ Űɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ əɎɗŮ ůŰɎŭɘɞ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ůŰɞ 

ŮˊɧɛŮɜɞ ɏŰůɘ ɩůŰŮ ŰŮɚɘəɎ ɜŬ ˊŬɟŬɢɗɞɨɜ ŰŬ 3ȹ ɛɞɜŰɏɚŬ əŰɘůɛɎŰɤɜ ůŮ ŭɘɎűɞɟŬ ŮˊɑˊŮŭŬ 

ɚŮˊŰɞɛɏɟŮɘŬɠ (Levels of Detail-LoDs).  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ 

Ŭˊɧ LIDAR əŬɘ DIM, ŬɚɚɎ əŬɘ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ (ɞɟɗɞŮɘəɧɜŮɠ) ůŮ ůɨɜɗŮŰŮɠ 

ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ɘŭɘŬɑŰŮɟɖ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ ɏɜŰɞɜŮɠ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ ɧˊɤɠ əŬɘ ůŮ ɖɛɘ-

ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ȷɜɎɛŮůŬ ůŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɘɠ ɖɛɘ-

ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ, ɧˊɞɡ Űɞ ŬɜɎɔɚɡűɞ ɐŰŬɜ ˊɘɞ ɐˊɘɞ əŬɘ ɢɤɟɑɠ ˊɞɚɚɏɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ əŬŰŬůəŮɡɏɠ, 

ɞɘ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ Űɨˊɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ ɐŰŬɜ ɛɘəɟɏɠ. ȷɡŰɧ ŮɑɢŮ ɤɠ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ ˊŬɟɧɛɞɘɤɜ ŬəɟɘɓŮɘɩɜ ůŰɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ. ȷɜŰɘɗɏŰɤɠ, ůŰɘɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ 

ɧˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŬɜ ɏɜŰɞɜŮɠ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ əŬɘ ŬˊɞəɟɨɣŮɘɠ, ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM 

ˊŬɟɞɡůɑŬůŬɜ ůɖɛŬɜŰɘəɏɠ Űɞˊɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ůŰŬ ɧɟɘŬ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȷɡŰɧ ŮɑɢŮ 

ŮˊɑˊŰɤůɖ əŬɘ ůŰɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ŬɜŰɑůŰɞɘɢŮɠ ŬɚɚɞɘɩůŮɘɠ. ũɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ Űɤɜ ɓɏɚŰɘůŰɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŰɖ ŭɘŬŭɘəŬůɑŬ DIM, ŬˊŬɘŰŮɑŰŬɘ ɖ əŬŰɎɚɚɖɚɖ 

ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ Űɞɡ ŮəɎůŰɞŰŮ ŮűŬɟɛɞɕɧɛŮɜɞɡ Ŭɚɔɞɟɑɗɛɞɡ. Ⱥˊɑůɖɠ, ɖ ɛɘəɟɐ ˊɡəɜɧŰɖŰŬ Űɞɡ 

ɜɏűɞɡɠ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɞɡůɑŬ ůɖɛŬɜŰɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ůŰŬ ɧɟɘŬ 

əɎˊɞɘɤɜ əŰɘůɛɎŰɤɜ Ůɜɩ ˊŬɟɎɚɚɖɚŬ əɎˊɞɘŬ ɛɘəɟɎ əŰɑůɛŬŰŬ ˊŮɟɘɔɟɎűɖəŬɜ ɛŮɟɘəɩɠ. ɋůŰɧůɞ, ŰŬ 

ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ˊŬɟɞɡůɑŬůŬɜ ɞɛɞɘɞɔŮɜŮɑɠ ŬəɟɑɓŮɘŮɠ ůŰɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ 
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Űɤɜ ŬůŰɘəɩɜ əŬɘ Űɤɜ ɖɛɘ-ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ. ũŮɜɘəɎ, ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŮɛűŬɜɑůŰɖəŬɜ ůŰŬ ɧɟɘŬ 

Űɤɜ əŰɘůɛɎŰɤɜ, Űɧůɞ ůŰŬ ɜɏűɖ ůɖɛŮɑɤɜ ɧůɞ əŬɘ ůŰɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ, ŮˊɖɟŮɎɕɞɡɜ 

ůɖɛŬɜŰɘəɎ Űɘɠ ŮˊɧɛŮɜŮɠ ŭɘŬŭɘəŬůɑŮɠ ŬɜɑɢɜŮɡůɖɠ, əŬŰɎŰɛɖůɖɠ əŬɘ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ 

əŰɘůɛɎŰɤɜ. 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ŭɘŬŰɟɘɓɐɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɑůɖɠ ɖ ŭɘŮɟŮɨɜɖůɖ, Ŭɝɘɞɚɧɔɖůɖ əŬɘ ůɡɚɚɞɔɐ 

əŬŰɎɚɚɖɚɤɜ ůŰɞɘɢŮɑɤɜ (əŬɜɎɚɘŬ, ŭŮɑəŰŮɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ) Ŭˊɧ Űɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɛŮ 

ůəɞˊɧ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ ɛɧɜɞ Ŭˊɧ ɏɜŬɜ ŭɏəŰɖ, ŭɖɚŬŭɐ ŮɑŰŮ ɛɧɜɞ Ŭˊɧ 

űɤŰɞɔɟŬűɘəɐ ɛɖɢŬɜɐ (ŮɘəɧɜŮɠ ɐ əŬɘ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM) ŮɑŰŮ ɛɧɜɞ Ŭˊɧ ŮɜŬɏɟɘɞ ůŬɟɤŰɐ 

laser (ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR). ȹɧɗɖəŮ ɏɛűŬůɖ ůŰŬ ůŰɞɘɢŮɑŬ ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ɎɚɚŬ ŬɜŰɘəŮɑɛŮɜŬ ɧˊɤɠ ɓɚɎůŰɖůɖ, ɏŭŬűɞɠ, ŭɟɧɛɞɘ ə.Ɏ. ɇŬ 

ůŰɞɘɢŮɑŬ ŬɡŰɎ ŬűɞɟɞɨůŬɜ ŮɑŰŮ ŮɜŬɏɟɘŮɠ ŮɘəɧɜŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ (ɟŬŭɘɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ) 

ŮɑŰŮ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɐ DIM (ɡɣɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ). ȷˊɞŭŮɑɢɗɖəŮ ˊɤɠ ɞɘ 

ˊɟɞŰŮɘɜɧɛŮɜŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɡ Ŭɝɘɞˊɞɘɞɨɜ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɏɜŬ ŭɏəŰɖ əŬɘ əɎɜɞɡɜ ŮɑŰŮ ůɡɜŭɡŬůɛɧ 

ɟŬŭɘɞɛŮŰɟɘəɐɠ əŬɘ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ (ɞɟɗɞŮɘəɧɜŮɠ ɛŮ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM) ŮɑŰŮ 

ůɡɜŭɡŬůɛɧ əŬŰɎɚɚɖɚɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ (ɔɘŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ 

LIDAR), ˊŮŰɡɢŬɑɜɞɡɜ ˊŬɟɧɛɞɘŮɠ ŬəɟɑɓŮɘŮɠ ɛŮŰŬɝɨ Űɞɡɠ ŬɚɚɎ əŬɘ ˊŬɟɧɛɞɘŮɠ ŬəɟɑɓŮɘŮɠ ɛŮ ɎɚɚŮɠ 

ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɡɣɖɚɞɨ əɧůŰɞɡɠ ŮŰŮɟɞɔŮɜɐ ŭŮŭɞɛɏɜŬ (ɞɟɗɞŮɘəɧɜŮɠ ɛŮ ɜɏűɖ 

ůɖɛŮɑɤɜ Ŭˊɧ LIDAR).  

ɄŬɟɎɚɚɖɚŬ, ŬɜŬˊŰɨɢɗɖəŬɜ ŭɨɞ ˊɟɞůŮɔɔɑůŮɘɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ əŬɘ Űɞɜ ŮɜŰɞˊɘůɛɧ 

Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡɠ ɞɘ ɞˊɞɑŮɠ ŮűŬɟɛɧɕɞɡɜ: 1) ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ (machine learning), 

əŬɘ 2) ŰŮɢɜɘəɏɠ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ (model-based). Ƀɘ ɛɏɗɞŭɞɘ ŮűŬɟɛɧůŰɖəŬɜ ůŮ 

ˊɚɖɗɩɟŬ ˊŮɟɘɞɢɩɜ ɛŮɚɏŰɖɠ (Ůɚɚɖɜɘəɩɜ əŬɘ ɛɖ) əŬɘ ŭɘŬűɧɟɤɜ Űɨˊɤɜ əŰɘůɛɎŰɤɜ, ɧˊɤɠ əŬɘ 

ŭŮŭɞɛɏɜɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ŬɜɎɚɡůɖ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ŭɏəŰŮɠ. ɆɡɔəŮəɟɘɛɏɜŬ, 

ŬɜŬˊŰɨɢɗɖəŬɜ ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɛɏůɤ CNN (Convolutional Neural 

Network ɐ Ŭɚɚɘɩɠ ɆɡɜŮɚɘəŰɘəɧ ɁŮɡɟɤɜɘəɧ ȹɑəŰɡɞ), əŬɘ ɛɘŬ ɜɏŬ ŰŮɢɜɘəɐ Ůɜɑůɢɡůɖɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛɏůɤ ůɡɜɏɚɘɝɖɠ ŬɜɎ ɔɟŬɛɛɐɠ ůɎɟɤůɖɠ (scan line smooth filtering). ɇɧůɞ ŰŬ 

ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɧůɞ əŬɘ ɞɘ ůɡɔəɟɑůŮɘɠ ɛŮ ɎɚɚŮɠ ŰŮɢɜɘəɏɠ Űɖɠ ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ 

ůŮ ůŮŰ ŭŮŭɞɛɏɜɤɜ ŬɜŬűɞɟɎɠ Űɖɠ ISPRS (International Society for Photogrammetry and Remote 

Sensing), ɏŭŮɘɝŬɜ ˊɤɠ əŬɘ ɞɘ ŭɨɞ ˊɟɞůŮɔɔɑůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰɨɢɞɡɜ ˊŬɟɧɛɞɘŮɠ ŬəɟɑɓŮɘŮɠ. ȼ 

Ůˊɘɚɞɔɐ ɔɘŬ Űɞ ˊɞɘŬ Ŭˊɧ Űɘɠ ŭɨɞ ˊɟɞůŮɔɔɑůŮɘɠ ɗŮɤɟŮɑŰŬɘ əŬŰŬɚɚɖɚɧŰŮɟɖ ɔɘŬ Űɖɜ əɎɗŮ ŮűŬɟɛɞɔɐ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɞɘ ɞˊɞɑɞɘ ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ. To CNN 

ůɡɔəɟɑɗɖəŮ əŬɘ ɛŮ ɎɚɚŮɠ ɟɖɢɏɠ əŬɘ Űɡˊɘəɏɠ ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɧˊɤɠ SVMs (Support 

Vector Machines ɐ Ŭɚɚɘɩɠ ɀɖɢŬɜɏɠ ɈˊɞůŰɐɟɘɝɖɠ ȹɘŬɜɡůɛɎŰɤɜ) əŬɘ ANN (Artificial Neural 

Network ɐ Ŭɚɚɘɩɠ ɇŮɢɜɖŰɧ ɁŮɡɟɤɜɘəɧ ȹɑəŰɡɞ) əŬɘ ŬɜŬŭŮɑɢɗɖəŮ ɖ ůŬűɐɠ ɡˊŮɟɞɢɐ Űɞɡ ůŰɘɠ 

ŮˊɘŰɡɔɢŬɜɧɛŮɜŮɠ ŬəɟɑɓŮɘŮɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɎɚɘůŰŬ ɛɘəɟɎ ˊɞůɞůŰɎ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ. 

ɋůŰɧůɞ, ɞ ůɡɜɞɚɘəɧɠ ɡˊɞɚɞɔɘůŰɘəɧɠ ɢɟɧɜɞɠ ŮəŰɏɚŮůɖɠ Űɞɡ CNN əŬɘ ŮɘŭɘəɧŰŮɟŬ ɞ ɢɟɧɜɞɠ 
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ŮəˊŬɑŭŮɡůɖɠ Űɞɡ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɘɠ ŰŮɢɜɘəɏɠ SVMs. ɇɞ ˊɟɧɓɚɖɛŬ Űɞɡ ɛŮɔɎɚɞɡ 

ɡˊɞɚɞɔɘůŰɘəɞɨ ɢɟɧɜɞɡ Űɞɡ CNN ɛˊɞɟŮɑ ɜŬ ɛŮɘɤɗŮɑ ůɖɛŬɜŰɘəɎ əɎɜɞɜŰŬɠ ɢɟɐůɖ Ůɜɧɠ ůŰŬɗɛɞɨ 

ŮɟɔŬůɑŬɠ ɛŮ ɛŮɔŬɚɨŰŮɟŮɠ ŭɡɜŬŰɧŰɖŰŮɠ. ȼ ɢɟɐůɖ ɛɞɜɎŭŬɠ GPU ɐ/əŬɘ ɖ ŮűŬɟɛɞɔɐ ŮɝŮɚɘɔɛɏɜɤɜ 

ŰŮɢɜɘəɩɜ ɛɎɗɖůɖɠ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŮˊɘŰŬɢɨɜɞɡɜ Űɖ ŭɘŬŭɘəŬůɑŬ ɛɎɗɖůɖɠ. 

ȷˊɧ Űɖɜ Ɏɚɚɖ, ɞ SHT (3D Standard Hough Transform) əŬɘ ɖ ɛŮŰŬɔŮɜɏůŰŮɟɖ ˊŬɟŬɚɚŬɔɐ Űɞɡ, ɞ 

RHT (3D Randomized Hough Transform), ˊɞɡ ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɞɜ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ Űɞɡ 

ˊɟɩŰɞɡ, ŮɑɜŬɘ ŭɨɞ ŭɖɛɞűɘɚŮɑɠ Ŭɚɔɧɟɘɗɛɞɘ, ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ əŬɗɞŭɖɔɞɨɛŮɜɤɜ 

Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ɛŮɗɧŭɤɜ (data driven) ɔɘŬ Űɖɜ əŬŰɎŰɛɖůɖ ɞɟɞűɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ɜɏűɖ 

ůɖɛŮɑɤɜ. ȷɜŬˊŰɨɢɗɖəŮ ɜɏŬ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ůɡůůɤɟŮɡŰɐ ůŰɞɜ ˊŬɟŬɛŮŰɟɘəɧ ɢɩɟɞ Hough əŬɘ 

ˊɟɞŰɎɗɖəŬɜ ɜɏŮɠ ŮˊŮəŰɎůŮɘɠ Űɞɡ RHT, ɧˊɤɠ: 1) ˊɟɧůɗŮŰɞɘ ɔŮɤɛŮŰɟɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ Ŭˊɞəɞˊɐɠ 

ɔɘŬ Űɖ ůɡɚɚɞɔɐ Űɖɠ ŰɟɘɎŭŬɠ ůɖɛŮɑɤɜ, 2) ˊɟɧůɗŮŰɞ əɟɘŰɐɟɘɞ Ůˊɘɚɞɔɐɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ 

ůɖɛŮɑɤɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɞ ˊɟɞůŭɘɞɟɘůɗɏɜ əɡɟɑŬɟɢɞ ŮˊɑˊŮŭɞ, 3) ŬɡŰɧɛŬŰɖ Ůˊɘɚɞɔɐ ɡˊɞ-ˊŮɟɘɞɢɩɜ 

ɛɏůɤ ˊɟɞůŬɟɛɞůŰɘəɩɜ ůɖɛŮɑɤɜ, əŬɘ 4) ŬɡŰɧɛŬŰɖ əŬɗɞŭɘəɐ ɟɨɗɛɘůɖ ˊŬɟŬɛɏŰɟɤɜ. ȸɎůŮɘ Űɤɜ 

ˊɟɞŰŮɘɜɧɛŮɜɤɜ ŮˊŮəŰɎůŮɤɜ əŬɘ Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ Űɞɡ ůɡůůɤɟŮɡŰɐ, ˊɟɞŰɎɗɖəŬɜ ˊɏɜŰŮ 

ˊŬɟŬɚɚŬɔɏɠ Űɞɡ RHT (iRHT, ȺRHT, eȺRHT, APRHT-C əŬɘ APRHT-R) ůŰɘɠ ɞˊɞɑŮɠ ɏɔɘɜŮ 

ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡɠ ɛɏůŬ Ŭˊɧ ŮəŰŮɜŮɑɠ ˊŮɘɟŬɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ůŮ 

ŭɘɎűɞɟŬ Ůɑŭɖ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɨˊɞɡɠ əŰɘůɛɎŰɤɜ.  

ȼ ŮűŬɟɛɞɔɐ Űɞɡ iRHT ůŮ Űɡˊɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ əŰɘůɛɎŰɤɜ ɞŭɐɔɖůŮ ůŮ ɡˊɞ-əŬŰŬŰɛɖɛɏɜŬ, 

ˊɚŬůɛŬŰɘəɎ əŬɘ ɡˊŮɟ-əŬŰŬŰɛɖɛɏɜŬ ŮˊɑˊŮŭŬ. Ƀɘ eERHT, APRHT-C əŬɘ APRHT-R 

ŬɜŰŬˊɞəɟɑɗɖəŬɜ əŬɚɨŰŮɟŬ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ERHT ůŮ əŬŰŬůəŮɡɏɠ ɛŮ ŬɟɢɘŰŮəŰɞɜɘəɏɠ 

ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ əŬɘ ůŮ ůɨɜɗŮŰŮɠ ˊŮɟɘˊŰɩůŮɘɠ əŰɘůɛɎŰɤɜ. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ɞɘ eERHT, 

APRHT-C əŬɘ APRHT-R ŮɝŬɔɎɔɞɡɜ ˊŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ɞɘ ŭɨɞ APRHTs ŮəŰŮɚɞɨɜŰŬɘ ůŮ 

ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɞ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ ůŮ ůɢɏůɖ ɛŮ Űɞɜ eERHT. ȷɡŰɧ ˊŬɟŬŰɖɟɐɗɖəŮ Űɧůɞ ůŮ 

əŬŰŬůəŮɡɏɠ ɛŮ ŬɟɢɘŰŮəŰɞɜɘəɏɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ ɧůɞ əŬɘ ůŮ ůɨɜɗŮŰŮɠ ˊŮɟɘˊŰɩůŮɘɠ əŰɘůɛɎŰɤɜ. 

ɄŬɟɧɚŬ ŬɡŰɎ, ɔɘŬ Űɡˊɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ əŰɘůɛɎŰɤɜ, ɞ ERHT ŮɝɎɔŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɛŮŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ɛŮŰŬ-ŮˊŮɝŮɟɔŬůɑŬɠ ŬˊɞɟɟɞűɩɜŰŬɠ əɡɟɑɤɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɚŬůɛŬŰɘəɩɜ əŬɘ 

ɡˊŮɟ-əŬŰŬŰɛɖɛɏɜɤɜ Ůˊɘˊɏŭɤɜ. ɀɎɚɘůŰŬ, ˊɏŰɡɢŮ ɛŮɔŬɚɨŰŮɟŮɠ ŬəɟɑɓŮɘŮɠ Ŭˊɧ ɎɚɚŮɠ ŰŮɢɜɘəɏɠ Űɖɠ 

ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ ɧˊɤɠ ɞ RANSAC. ɄŬɟɧɚŬ ŬɡŰɎ, ŬəɧɛŬ əŬɘ ɛŮŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ɛŮŰŬ-

ŮˊŮɝŮɟɔŬůɑŬɠ, ŮɜŰɞˊɑůŰɖəŬɜ əɎˊɞɘŬ ŰɞˊɘəɎ ɡˊɞ-əŬŰŬŰɛɖɛɏɜŬ ŮˊɑˊŮŭŬ. ȷɡŰɎ ŰŬ ŮˊɑˊŮŭŬ ɛˊɞɟɞɨɜ 

ɜŬ Ŭˊɞɟɟɞűɖɗɞɨɜ ŮɑŰŮ ŮɜɘůɢɨɞɜŰŬɠ Űɞ ůŰɎŭɘɞ Űɖɠ ɛŮŰŬ-ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮ ˊɟɧůɗŮŰŮɠ ŰŮɢɜɘəɏɠ ŮɑŰŮ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡůŰɖɟɧŰŮɟɖ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ ɛɏůɤ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɤɜ APRHT-C əŬɘ 

APRHT-R. ȷɝɘɞɚɞɔɩɜŰŬɠ ˊɞɘɞŰɘəɎ ŰŬ 3ȹ ɛɞɜŰɏɚŬ Űɤɜ əŰɘůɛɎŰɤɜ ˊɞɡ ŮɝɐɢɗɖůŬɜ ɛŮ ŮűŬɟɛɞɔɐ 

Űɤɜ ERHT əŬɘ APRHT-C, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɛˊɞɟɞɨɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ůŮ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ, 

əŬɗɩɠ əŬɚɨˊŰɞɡɜ ŮˊŬɟəɩɠ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɤɜ LoD 1 əŬɘ LoD 2. 
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EXTENDED ABSTRACT 

The technological development in the fields of image processing, computer vision and digital 

photogrammetry and remote sensing, provides new tools and automated solutions for applications 

in urban studies, cadastre, etc, associated with urban development, identification of illegal 

constructions, 3D modeling, change detection, etc. Apart from the traditional techniques that 

utilize purely aerial or satellite imagery, recent approaches exploit 3D point clouds captured from 

aerial laser scanning systems (LIDAR) or extracted from Dense Image Matching (DIM) methods. 

Building extraction, change detection and roof segmentation from images and point clouds are 

topics of high research interest as they are useful for urban city monitoring. These topics still 

remain challenging due to the increasing demands for accuracy, rapidity and economy. The 

present Phd thesis provides an integrated, extensive and detailed methodology for building 

extraction change detection and roof segmentation using images and point clouds and applying 

sophisticated methods. Several complex urban regions of various types of buildings, pixel 

resolutions and types of data are examined. To verify the utility and functionality of the proposed 

methodology, the corresponding 3D models of the buildings are extracted. 

Initially, the differences between the LIDAR and DIM point clouds were highlighted in terms of 

robustness and efficiency through direct point cloud comparison as well as by using the 

corresponding orthoimages. The results shown that the LIDAR point clouds not only describe 

with fidelity the objects of the scene but also present a global homogenous behavior either at 

urban or sub-urban areas. However, LIDAR point clouds suffer in some cases from noise and 

local under-sampling indicating local lack of spatial information at buildingôs boundaries. On the 

other side, the DIM is a low cost and flexible solution with promising results. The DIM point 

clouds and the corresponding orthoimages achieved satisfying results at sub-urban areas. 

However, weak in urban areas with intense relief or depth discontinuities indicating excessive 

interpolations and radiometric lesions at buildingôs boundaries due to occlusions or possible 

mismatches. The aforementioned issues, both for LIDAR and DIM point clouds, affect the 

building extraction, change detection and roof segmentation results. 

Dependent on the data source employed, building extraction, change detection and roof 

segmentation techniques can be classified into three groups: i) the ones that use radiometric 

information (airborne or satellite imagery data), ii) the ones that exploit height information 

(LIDAR or DIM point clouds), and iii) those that combine both of data sources. However, the 

limitations of using information from multi-modal sources (e.g., LIDAR and imagery data) are 

the additional cost of acquisition and processing and the co-registration related issues. For this 

reason, the present doctoral dissertation focuses on the combination of data that are extracted 

from one sensor, i.e., either from camera devices (aerial images combined with the corresponding 

DIM point clouds) or from laser scanning systems (LIDAR point clouds combined with the 



11 

 

corresponding proper geometric/morphological features). The proposed methodology achieves 

similar building extraction results with other approaches that utilize multi-modal sources. Also, 

the building extraction results extracted from the aerial images combined with the corresponding 

DIM point clouds were similar with those extracted from the LIDAR point clouds combined with 

the corresponding proper geometric/morphological features. Usually, the approaches of building 

extraction and change detection are discriminated into the ones that apply supervised machine 

learning and those that use model-based methods. In this research, both approaches are 

performed. More specifically, a deep machine learning scheme through CNNs (Convolutional 

Neural Networks) was developed as well as a new model-based scan line smooth filtering method 

was proposed. The extracted building detection results from the supervised machine learning and 

model-based methods can be considered as similar. This was verified by comparing the CNN 

with other model-based methods at the ISPRS (International Society for Photogrammetry and 

Remote Sensing) benchmark dataset. Also, in this research, the various factors that indicate the 

appropriateness of each of the two approaches are discussed. Additionally, the CNN was 

compared with other shallow and non-linear machine learning schemes such SVMs (Support 

Vector Machines) əŬɘ ANN (Artificial Neural Network). The results indicate the clear 

predominance of the CNN. However, the CNN weak in computational complexity compared to 

the SVM classifiers. The use of a better CPU and more RAM capacity as well as the 

implementation of methods that accelerate the learning phase can significantly speed the 

processing.  

Concerning the roof segmentation from point clouds, the mostly used data driven plane detection 

techniques are region growing, RANSAC and Hough methods. The SHT (3D Standard Hough 

Transform) and its variation, the RHT (3D Randomized Hough Transform), are the most popular 

Hough methods. In this research, a new accumulator design and novel extensions of the RHT are 

proposed associated with: 1) additional constraint criteria during the random selection of the 3 

points, 2) an additional normal tolerance regarding the detected plane, 3) automatic selection of 

sub-regions surround adaptive center points, and 4) automatic descent tuning process of 

parameters. Thus, five variations of the RHT were developed namely iRHT, ȺRHT, eȺRHT, 

APRHT-C and APRHT-R. A sensitivity analysis of each variation was carried out through 

extensive experiments using simulated data as well as real life LIDAR and DIM point clouds of 

several types of buildings. The iRHT led to under-segmented, spurious and over-segmented 

planes even for typical cases of buildings. The eERHT, APRHT-C and APRHT-R achieved better 

results compared to the ERHT at complex buildings and building structures of special 

architecture. The eERHT, APRHT-C and APRHT-R achieved similar results, however, the 

computational time of the eERHT was significantly higher compared to the two APRHTs. 

Nevertheless, the ERHT achieves satisfying results for typical cases of buildings after a post 

processing strategy absorbing spurious and over-segmented planes. The comparison with 
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RANSAC indicated a clear predominance of the ERHT. However, under-segmented planes and 

local distortions at the boundaries of small planes occurred, which is challenge for further 

improvement of the refinement process. Connectivity criteria or strict tuning of the APRHT-C 

and APRHT-R may overcome the under-segmentation problem. The 3D models of the buildings 

extracted via the ERHT and APRHT-C were qualitative evaluated illustrating their potential for 

3D modeling in LoD 1 and LoD 2. 
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ȾȺūȷȿȷȽɃ 1: ȺȽɆȷũɋũȼ 

  

1.1. ȺɘůŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ 

ȼ ůɡɜŮɢɐɠ ŰŮɢɜɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ ůŰŬ ˊŮŭɑŬ Űɖɠ ɔŮɤˊɚɖɟɞűɞɟɘəɐɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŮɘəɧɜŬɠ (image processing), Űɖɠ ɧɟŬůɖɠ ɡˊɞɚɞɔɘůŰɩɜ (computer vision), Űɖɠ ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ 

(photogrammetry) əŬɘ Űɖɠ ɇɖɚŮˊɘůəɧˊɖůɖɠ (remote sensing), ˊŬɟɏɢŮɘ ɜɏŬ ŮɟɔŬɚŮɑŬ əŬɘ 

ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŮɠ ɚɨůŮɘɠ ɔɘŬ ŮűŬɟɛɞɔɐ ůŮ ɛŮɚɏŰŮɠ ɞ́ɚŮɞŭɞɛɑŬɠ, ɢɤɟɞŰŬɝɑŬɠ əŬɘ 

əŰɖɛŬŰɞɚɞɔɑɞɡ.     

ȼ ɢɟɐůɖ Űɤɜ ɣɖűɘŬəɩɜ Ůɘəɧɜɤɜ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ, ˊɞɡ ůɡɚɚɏɔɞɜŰŬɘ Ŭˊɧ ŮɜŬɏɟɘɞɡɠ ɐ 

ŭɞɟɡűɞɟɘəɞɨɠ ŭɏəŰŮɠ, ŬˊɞŰŮɚŮɑ əŬɗɖɛŮɟɘɜɧ ŮɟɔŬɚŮɑɞ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ, ɧˊɤɠ 

ɛŮɚɏŰŮɠ ɏɟɔɤɜ əŬɘ əŬŰŬůəŮɡɩɜ, ŬɚɚɎ əŬɘ ɔɘŬ ŮɟŬůɘŰŮɢɜɘəɏɠ ɢɟɐůŮɘɠ əŬɘ ɚŮɘŰɞɡɟɔɑŮɠ. ɄŬɟɎɚɚɖɚŬ, 

Ŭɘɢɛɐ Űɞɡ ŭɧɟŬŰɞɠ Űɤɜ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ŮɑɜŬɘ ŰŬ ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ ŮɜŬɏɟɘŬ ɛɏůŬ Unmanned 

Aerial Vehicles-UAVs), ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ɞɘəɞɜɞɛɘəɐ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŬɝɘɧˊɘůŰɖ ɚɨůɖ ɏɜŬɜŰɘ 

Űɤɜ ˊŬɟŬŭɞůɘŬəɩɜ ɛŮɗɧŭɤɜ ŬŮɟɞűɤŰɞɔɟɎűɖůɖɠ. Ƀɘ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ, ˊɞɡ ůɡɚɚɏɔɞɜŰŬɘ Ŭˊɧ 

ŰŬ ŭɞɟɡűɞɟɘəɎ ůɡůŰɐɛŬŰŬ ˊŬɟŬŰɐɟɖůɖɠ ɔɖɠ, ŮˊɘŭɏɢɞɜŰŬɘ ˊɚɏɞɜ ɧɛɞɘŬ ŬɜŰɘɛŮŰɩˊɘůɖ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬ ɛŮ ŬɡŰɐ Űɤɜ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ. ɀɎɚɘůŰŬ ŰŬ ůɨɔɢɟɞɜŬ ŭɞɟɡűɞɟɘəɎ ůɡůŰɐɛŬŰŬ 

ˊŬɟŬŰɐɟɖůɖɠ ɔɖɠ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůɡɚɚɏɔɞɡɜ ůŰŮɟŮɞůəɞˊɘəɏɠ ŮɘəɧɜŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ 

əŬŰɎ ɛɐəɞɠ Űɖɠ ŰɟɞɢɘɎɠ Űɖɠ əɑɜɖůɖɠ Űɞɡ ŭɞɟɡűɧɟɞɡ.  

ȺəŰɧɠ Ŭˊɧ Űɘɠ ˊŬɟŬŭɞůɘŬəɏɠ ŰŮɢɜɘəɏɠ ˊɞɡ əɎɜɞɡɜ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Ŭɛɘɔɩɠ 

ɟŬŭɘɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ (ŮɜŬɏɟɘŮɠ ɐ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ) ɔɘŬ Űɖɜ ŬɡŰɧɛŬŰɖ ŬɜɑɢɜŮɡůɖ əŬɘ 

əŬŰɎŰɛɖůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɐ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ɛɑŬɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, ŰŬ ŰŮɚŮɡŰŬɑŬ 

ɢɟɧɜɘŬ, ɖ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ɏɢŮɘ ůŰɟŬűŮɑ ůŰɖ ɢɟɐůɖ 3ȹ ɜŮűɩɜ ůɖɛŮɑɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ 

ŮɑŰŮ Ŭˊɧ ŮɜŬɏɟɘŬ ůɡůŰɐɛŬŰŬ LIDA R (LIght Detection and Ranging) ŮɑŰŮ Ŭˊɧ ŰŮɢɜɘəɏɠ ˊɡəɜɐɠ 

ůɡɜŰŬɨŰɘůɖɠ Ůɘəɧɜɤɜ (Dense Image Matching-DIM) [1]. ɇŬ ɜɏűɖ ůɖɛŮɑɤɜ ŬˊɞŰŮɚɞɨɜ ɛɑŬ ˊɘůŰɐ 

əŬɘ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ (3D reconstruction) ɛɑŬɠ ˊŮɟɘɞɢɐɠ ɐ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ɏɜŬ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ůɖɛŮɑɤɜ ůɡɜɐɗɤɠ ɡˊɧ Űɖ ɛɞɟűɐ X, Y, Z 

ɐ əŬɘ ɛŮ Ɏɚɚɖ ˊɟɧůɗŮŰɖ ˊɚɖɟɞűɞɟɑŬ ɧˊɤɠ ɢɟɤɛŬŰɘəɐ (Red, Green, Blue) ɐ ɏɜŰŬůɖɠ (intensity) 

ə.Ɏ. 

ȷˊɧ Űɖɜ Ɏɚɚɖ, Űɞ ŮɡɟɨŰŮɟɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŬɡŰɞɛŬŰɞˊɞɑɖůɖɠ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ŰŬɝɘɜɧɛɖůɖɠ 

(classification), əŬŰɎŰɛɖůɖɠ (segmentation) ŬɚɚɎ əŬɘ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ (change detection) 

ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ŮɟŮɡɜɖŰɘəɧ ˊŮŭɑɞ ɛŮ ɏɜŰɞɜɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ ˊɎɜɤ Ŭˊɧ ŭɨɞ ŭŮəŬŮŰɑŮɠ. Ƀɘ 

ŮˊɘůŰɖɛɞɜɘəɏɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɘəɑɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɧˊɤɠ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɏɠ ˊɞɡ ŮůŰɘɎɕɞɡɜ ůŰŬ əŰɑůɛŬŰŬ (building change detection, building roof 

reconstruction, building extraction/classification). Ɇɡɜɐɗɤɠ, ɞɘ ɛŮɗɞŭɞɚɞɔɑŮɠ ŬɡŰɏɠ ŮűŬɟɛɧɕɞɡɜ 



26 

 

ŮɑŰŮ ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ (machine learning) ŮɑŰŮ ŰŮɢɜɘəɏɠ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ 

(model-based). ɀɎɚɘůŰŬ ɞɘ ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɏɢɞɡɜ ˊɟɞůŮɚəɨůŮɘ ůŮ ůɖɛŬɜŰɘəɧ ɓŬɗɛɧ 

ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ, əɡɟɑɤɠ ŬɡŰɏɠ Űɖɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ 

(deep machine learning), əŬɗɩɠ ɏɢɞɡɜ ŬˊɞŭŮɘɢɗŮɑ ŬɟəŮŰɎ ŮɨɟɤůŰŮɠ ůŮ  ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ [2].  

ɄŬɟɎ Űɖ ɢɟɐůɖ ŮɝŮɚɘɔɛɏɜɤɜ ŰŮɢɜɘəɩɜ, Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŰŬɢŮɑŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ, ŬɜɎɚɡůɖɠ əŬɘ 

ŮɝŬɔɤɔɐɠ ɢɟɐůɘɛɖɠ əŬɘ ɛŮ ɢɤɟɘəɐ ŬəɟɑɓŮɘŬ ˊɚɖɟɞűɞɟɑŬ Ŭˊɧ ɛŮɔɎɚɞ ɧɔəɞ ŭŮŭɞɛɏɜɤɜ ˊŬɟŬɛɏɜŮɘ 

ɛɏɢɟɘ ůɐɛŮɟŬ ŬɜɞɘɢŰɧ əŬɘ ŬɝɑɕŮɘ ˊŮɟŬɘŰɏɟɤ ŭɘŮɟŮɨɜɖůɖ. ȼ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ůɨɔɢɟɞɜɞɡ 

ŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŬɚɚɎ əŬɘ ɞ ŭɘŬɟəɩɠ ŬɡɝŬɜɧɛŮɜɞɠ Ŭɟɘɗɛɧɠ ɜɏɤɜ ŮűŬɟɛɞɔɩɜ ůŰɞ 

ȾŰɖɛŬŰɞɚɧɔɘɞ əŬɘ ůŰɞɜ ŬůŰɘəɧ ůɢŮŭɘŬůɛɧ, ůŰɖ ŭɘŬɢŮɑɟɘůɖ əɘɜŭɨɜɤɜ əŬɘ ŬůűɎɚŮɘŬɠ ŬɚɚɎ əŬɘ ůŰɘɠ 

ɏɝɡˊɜŮɠ ˊɧɚŮɘɠ (smart cities) ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ əŬɘ BIMs (Building Information Models), ŬˊŬɘŰŮɑ 

Űɖ ŭɘŬɢŮɑɟɘůɖ ɛŮɔɎɚɞɡ ɧɔəɞɡ ŭŮŭɞɛɏɜɤɜ ɛŮ ɢɤɟɘəɐ ŬɜŬűɞɟɎ əŬɘ Űɞˊɞɚɞɔɘəɐ ŭɞɛɐ [3]. ȼ ŬɜɎɔəɖ 

ɔɘŬ ɓɏɚŰɘůŰɖ ŭɘŬɢŮɑɟɘůɖ əŬɘ ŭɘɞɑəɖůɖ (ɞɘəɞɜɞɛɑŬ, ˊŮɟɘɓɎɚɚɞɜ, əɞɘɜɤɜɑŬ) Űɞɡ ŬůŰɘəɞɨ ɢɩɟɞɡ 

ŬˊŬɘŰŮɑ Űɖɜ ŬɜɎˊŰɡɝɖ ˊɘɞ ŮɝŮɚɘɔɛɏɜɤɜ ŮɟɔŬɚŮɑɤɜ ŬɚɚɎ əŬɘ Űɖɜ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ 3ȹ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ Űɖɠ ˊɧɚɖɠ. ɀŮ Űɖɜ əŬŰŬəɧɟɡűɖ ŬɜɎˊŰɡɝɖ Űɤɜ ˊɧɚŮɤɜ ɐŭɖ 

ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɎ-ˊɞɚɚŬˊɚɩɜ ɢɟɐůŮɤɜ əŬɘ ŭɘŬůŰɎůŮɤɜ 

ůɡůŰɐɛŬŰŬ ˊɚɖɟɞűɞɟɘɩɜ ɔɖɠ ŬɚɚɎ əŬɘ ˊɟɧŰɡˊŬ ŬˊŮɘəɧɜɘůɖɠ ˊɟŬɔɛŬŰɘəɐɠ 3ȹ ˊɚɖɟɞűɞɟɑŬɠ [4-

6]. ȼ ́ŬɔəɧůɛɘŬ ŮɟŮɡɜɖŰɘəɐ əɞɘɜɧŰɖŰŬ (International Society for Photogrammetry and Remote 

Sensing-ISPRS, Federation of Surveyors-FIG, International Cartographic Association-ICA ə.Ɏ.) 

ˊɞɡ ŬůɢɞɚŮɑŰŬɘ ɛŮ ɗɏɛŬŰŬ ˊŬɟŬŰɐɟɖůɖɠ ũɖɠ (earth observation) ŬɚɚɎ əŬɘ ɛŮ ŰŬ ŭɡɜŬɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůɨɔɢɟɞɜɤɜ ˊɧɚŮɤɜ, ɗɏŰŮɘ ŬɜɞɘɢŰɎ ŬɡŰɎ ŰŬ ɕɖŰɐɛŬŰŬ əŬɘ Űɘɠ ˊɟɞəɚɐůŮɘɠ əŬɘ 

ˊɟɞŰŮɑɜŮɘ ůɡɜŮɢɩɠ ɜɏŮɠ əŬŰŮɡɗɨɜůŮɘɠ ɓɎůŮɘ Űɤɜ ŰŮɢɜɞɚɞɔɘəɩɜ ŮɝŮɚɑɝŮɤɜ [1, 7-8].  

1.2. ɆŰɧɢɞɘ Űɖɠ ŭɘŬŰɟɘɓɐɠ 

ȷˊɧ Űɖɜ ŮəŰŮɜɐ ŬɜŬůəɧˊɖůɖ əŬɘ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůɢŮŰɘəɐɠ ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, ˊɟɞɏəɡɣŮ 

ˊɤɠ ɖ ŬɜɑɢɜŮɡůɖ, ɖ əŬŰɎŰɛɖůɖ əŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ŮɘəɧɜŮɠ əŬɘ ɜɏűɖ 

ůɖɛŮɑɤɜ ŬˊɞŰŮɚɞɨɜ ɗɏɛŬŰŬ ɛŮ ˊɟɞɞˊŰɘəɐ, ŭɡɜŬɛɘəɐ əŬɘ ɛŮɔɎɚɞ ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ ɚɧɔɤ 

Űɤɜ ɞɚɞɏɜŬ əŬɘ ɛŮɔŬɚɨŰŮɟɤɜ ŬˊŬɘŰɐůŮɤɜ ɔɘŬ ŬəɟɑɓŮɘŬ, ŰŬɢɨŰɖŰŬ əŬɘ ɞɘəɞɜɞɛɑŬ. ũɘŬ Űɞɜ ɚɧɔɞ 

ŬɡŰɧ ŬˊɞŰɏɚŮůŬɜ əŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Ŭˊɧ ŬɡŰɧɛŬŰŮɠ ŭɘŬŭɘəŬůɑŮɠ ŬɜɑɢɜŮɡůɖɠ, əŬŰɎŰɛɖůɖɠ əŬɘ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ 

ɏɢɞɡɜ ŬˊɞŭŮɘɢɗŮɑ ɢɟɐůɘɛŬ ůŮ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ [9-10]. ɄŬɟɎ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ, Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘŬŰɟɘɓɐɠ ˊŬɟŬɛɏɜŮɘ ɛɏɢɟɘ ůɐɛŮɟŬ ɏɜŬ ŮɔɢŮɑɟɖɛŬ ɛŮ ɘŭɘŬɑŰŮɟɞ ŮɟŮɡɜɖŰɘəɧ 

ŮɜŭɘŬűɏɟɞɜ. ɆɡɜŮˊɩɠ ŬˊŬŰŮɑŰŬɘ ɖ Ůɘɠ ɓɎɗɞɠ ŬɜɎɚɡůɐ Űɞɡ ɧˊɤɠ əŬɘ ɖ əŬŰŬɔɟŬűɐ Űɤɜ 

ˊɟɞəɚɐůŮɤɜ, Űɤɜ ɡűɘůŰɎɛŮɜɤɜ ŰŮɢɜɘəɩɜ əŬɘ ŰŮɢɜɞɚɞɔɘɩɜ Ŭɘɢɛɐɠ Ŭˊɧ Űɖ ůɢŮŰɘəɐ ŭɘŮɗɜɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ. 
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ɆɡɜɞˊŰɘəɎ, ůŰɧɢɞɘ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ŬˊɞŰɏɚŮůŬɜ: 

ü ȼ ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM, ŬɚɚɎ 

əŬɘ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ (ɞɟɗɞŮɘəɧɜŮɠ), ůŮ ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ 

ɘŭɘŬɑŰŮɟɖ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ ɏɜŰɞɜŮɠ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ ɧˊɤɠ əŬɘ ůŮ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. 

ü ȼ ŬɜɎˊŰɡɝɖ ɛɑŬɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ ɛŮɗɞŭɞɚɞɔɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ, 

əŬŰɎŰɛɖůɖ əŬɘ ŮɜŰɞˊɘůɛɧ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ ɛŮ ˊɟɤŰɧŰɡˊŬ ůŰɞɘɢŮɑŬ ůŰŬ ůŰɎŭɘɎ Űɖɠ.  

ü ȼ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ůŮ ˊɚɖɗɩɟŬ ˊŮɟɘɞɢɩɜ ɛŮɚɏŰɖɠ 

(Ůɚɚɖɜɘəɩɜ əŬɘ ɛɖ) əŬɘ ŭɘŬűɧɟɤɜ Űɨˊɤɜ əŰɘůɛɎŰɤɜ ɧˊɤɠ əŬɘ ŭŮŭɞɛɏɜɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɐ 

ŬɜɎɚɡůɖ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ŭɏəŰŮɠ. 

ü ȼ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ŰŮɢɜɘəɩɜ əŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɡűɘůŰɎɛŮɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ 

ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ɧˊɤɠ əŬɘ ɖ ŬɜɎˊŰɡɝɖ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɔɘŬ 

Űɖɜ ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ əŬɘ ŮɜŰɞˊɘůɛɞɨ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡɠ.  

ü ȼ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ŰŮɢɜɘəɩɜ əŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɡűɘůŰɎɛŮɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ɛŮ ůəɞˊɧ 

Űɖɜ ŰŬɢŮɑŬ əŬɘ ŬɡŰɧɛŬŰɖ əŬŰɎŰɛɖůɖ ɞɟɞűɩɜ əŰɘůɛɎŰɤɜ ůŮ ŮˊɑˊŮŭŬ Ŭˊɧ ɜɏűɖ ůɖɛŮɑɤɜ. 

ü ȼ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ:                                              

- ɛŮ ŬɜŰɘəŮɘɛŮɜɘəɎ əɟɘŰɐɟɘŬ ɓɎůŮɘ ˊɞůɞůŰɩɜ ŮˊɘŰɡɢɑŬɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ 

əŬŰŮɡɗɡɜŰɐɟɘŮɠ ɔɟŬɛɛɏɠ Űɖɠ ISPRS [11-12] (ˊɞůɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ).                          

- ɡˊɧ Űɞ ˊɟɑůɛŬ ŬəɟɑɓŮɘŬɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɞɨ ɢɟɧɜɞɡ (ˊɞůɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ).                                                          

- ɛŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ ŰŮɢɜɘəɏɠ Űɖɠ ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ (ˊɞůɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ). 

- ɛŮ ŮəŰŮɜɐ ůɢɞɚɘŬůɛɧ Űɤɜ ŬůŰɞɢɘɩɜ, Űɤɜ ŬˊŬɘŰɐůŮɤɜ əŬɘ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ (ˊɞɘɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ). 

ü ȼ Ŭ́ɟɎɗŮůɖ ˊɟɞŰɎůŮɤɜ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ Űɖɜ ŮˊɏəŰŬůɖ Űɤɜ 

ɡűɘůŰɎɛŮɜɤɜ əŬɘ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ŰŮɢɜɘəɩɜ ɔɘŬ ɛŮɚɚɞɜŰɘəɏɠ ŮɟɔŬůɑŮɠ ɐ ŭɘŬŰɟɘɓɏɠ ɓɎůŮɘ 

Űɤɜ ɜɏɤɜ ŮɟŮɡɜɖŰɘəɩɜ ŰɎůŮɤɜ.  

1.3. ɀŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ əŬɘ ˊɟɤŰɧŰɡˊŬ ůŰɞɘɢŮɑŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ 

ɇɞ ŮɡɟɨŰŮɟɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŬɡŰɧɛŬŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ əŬɘ Űɖɠ əŬŰɎŰɛɖůɖɠ ɛɑŬɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 

ŬɚɚɎ əŬɘ Űɞɡ ŬɡŰɧɛŬŰɞɡ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ ɛŮ ɏɛűŬůɖ ůŰŬ əŰɑůɛŬŰŬ, ŬˊɞŰŮɚŮɑ ˊŮŭɑɞ ɛŮ 

ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ ˊɎɜɤ Ŭˊɧ ŭɨɞ ŭŮəŬŮŰɑŮɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŮˊɘɢŮɘɟŮɑŰŬɘ ɖ 

ŮəŰŮɜɐɠ əŬɘ ɚŮˊŰɞɛŮɟɐɠ ˊɟɞůɏɔɔɘůɖ Űɤɜ ˊɟɞŬɜŬűŮɟɧɛŮɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɛɏůŬ Ŭˊɧ Űɖɜ 

ŬɜɎˊŰɡɝɖ ɛɑŬɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɛŮ ˊɟɤŰɧŰɡˊŬ ůŰɞɘɢŮɑŬ ůŰŬ Ůˊɘɛɏɟɞɡɠ ůŰɎŭɘɎ Űɖɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ əɎɗŮ ůŰɎŭɘɞ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ ɏŰůɘ ɩůŰŮ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ. ȼ ɞɚɞəɚɖɟɤɛɏɜɖ ɛŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ 

ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.1. Ⱥˊɑůɖɠ, ůɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ůŰɘɠ 
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ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮűŬɟɛɞɔɩɜ ɏɔɘɜŮ ůɨɜŰŬɝɖ əɩŭɘəŬ ůŰɘɠ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

C++/OpenCV əŬɘ MATLAB, ŬɚɚɎ əŬɘ ɢɟɐůɖ əɩŭɘəŬ ůŮ Python, əŬɗɩɠ ɞɘ ˊɟɞŰŮɘɜɧɛŮɜŮɠ 

ŰŮɢɜɘəɏɠ əŬɘ ɛŮɗɞŭɞɚɞɔɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ŭŮɜ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŮɟɔŬɚŮɑŬ ɡűɘůŰɎɛŮɜɤɜ 

ɚɞɔɘůɛɘəɩɜ.  

 

ȺɘəɧɜŬ 1.1: ȼ ɞɚɞəɚɖɟɤɛɏɜɖ ɛŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ, əŬŰɎŰɛɖůɖ əŬɘ ŮɜŰɞˊɘůɛɧ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ, ɧˊɤɠ əŬɘ ɖ Ŭɝɘɞˊɞɑɖůɖ Űɖɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ 3ȹ 

ɛɞɜŰɏɚɤɜ əŰɘůɛɎŰɤɜ ůŮ ŭɘɎűɞɟŬ LoDs. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ůɡɜɖɗɑɕŮŰŬɘ ɖ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ ŮŰŮɟɞɔŮɜɩɜ (multi-modal) ŭŮŭɞɛɏɜɤɜ 

ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ ůɡɜŭɡŬůɛɧɠ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɛŮ ŮɜŬɏɟɘŮɠ ɐ ŭɞɟɡűɞɟɘəɏɠ 

ŮɘəɧɜŮɠ ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ ɛɑŬɠ ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ. ɄŬɟɎ Űɖɜ ŮɝŬɔɤɔɐ ɘŭɘŬɑŰŮɟŬ ɘəŬɜɞˊɞɘɖŰɘəɩɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ, ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŬɡŰɐɠ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ ŮɑɜŬɘ: 1) Űɞ ˊɟɧůɗŮŰɞ ɞɘəɞɜɞɛɘəɧ 

əɧůŰɞɠ Űɖɠ ůɡɚɚɞɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ, 2) Űɞ ˊɟɧůɗŮŰɞ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ, əŬɘ 3) ŰŬ ˊɘɗŬɜɎ ůɡůŰɖɛŬŰɘəɎ ůűɎɚɛŬŰŬ ŮɔɔɟŬűɐɠ (co-registration) ɛŮŰŬɝɨ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ. ȰŰůɘ, ɏɔɘɜŮ ŭɘŮɟŮɨɜɖůɖ, Ŭɝɘɞɚɧɔɖůɖ əŬɘ ůɡɚɚɞɔɐ əŬŰɎɚɚɖɚɤɜ ůŰɞɘɢŮɑɤɜ (əŬɜɎɚɘŬ, 

ŭŮɑəŰŮɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ) Ŭˊɧ Űɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɛŮ ůəɞˊɧ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ 

ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ ɛɧɜɞ Ŭˊɧ ɏɜŬɜ ŭɏəŰɖ, ŭɖɚŬŭɐ ŮɑŰŮ ɛɧɜɞ Ŭˊɧ űɤŰɞɔɟŬűɘəɐ ɛɖɢŬɜɐ (ŮɘəɧɜŮɠ ɐ 

əŬɘ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM) ŮɑŰŮ ɛɧɜɞ Ŭˊɧ ŮɜŬɏɟɘɞ ůŬɟɤŰɐ laser (ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR).  

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ŰŬ ŭɘŬɗɏůɘɛŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ůŰɖɜ ȺɚɚɎŭŬ ŮɑɜŬɘ ŮɚɎɢɘůŰŬ 

ɛɏɢɟɘ ůŰɘɔɛɐɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ əŬɗɘůŰɎ ŬɜŬɔəŬɑŬ Űɖɜ ŬɜŬɕɐŰɖůɖ əŬɘɜɞŰɧɛɤɜ ˊɟɞůŮɔɔɑůŮɤɜ 
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Ŭɝɘɞˊɞɑɖůɖɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɏɜŬɜ ŭɏəŰɖ, ɧˊɤɠ Űɞɡ ůɡɜŭɡŬůɛɞɨ ŮɜŬɏɟɘɤɜ ɐ ŭɞɟɡűɞɟɘəɩɜ 

Ůɘəɧɜɤɜ ɛŮ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM. ɀɏůŬ Ŭˊɧ ŬɡŰɐ Űɖɜ ˊɟɞůɏɔɔɘůɖ ɛˊɞɟɞɨɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ 

ŬəɧɛŬ əŬɘ ůŬɟɤɛɏɜŮɠ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ ˊŬɟŮɚɗɧɜŰɤɜ ŮŰɩɜ ɔɘŬ ŮűŬɟɛɞɔɏɠ ŮɜŰɞˊɘůɛɞɨ 

ɛŮŰŬɓɞɚɩɜ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ ůŰɘɠ ŰŮɢɜɞɚɞɔɑŮɠ 

Ŭɘɢɛɐɠ. ȼ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɛŮɚŮŰɎ Űɞɜ Űɟɧˊɞ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ əŬɘ ŬɜŬŭŮɘəɜɨŮɘ Űɖ ɢɟɖůɘɛɧŰɖŰɎ 

Űɞɡɠ ůŮ ŮűŬɟɛɞɔɏɠ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ əŬɘ əŬŰɎŰɛɖůɖɠ Űɤɜ ɞɟɞűɩɜ Űɞɡɠ ɛɏůŬ Ŭˊɧ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ əŬɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬŰɎɚɚɖɚɤɜ ɔŮɤɛŮŰɟɘəɩɜ əŬɘ ɛɞɟűɞɚɞɔɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ȺˊɘˊɟɞůɗɏŰɤɠ, ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, ɔɑɜŮŰŬɘ ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ 

ůɨɔəɟɘůɖ ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM, ŬɚɚɎ əŬɘ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ 

(ɞɟɗɞŮɘəɧɜŮɠ), ůŮ ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ɘŭɘŬɑŰŮɟɖ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ ɏɜŰɞɜŮɠ ŬůɡɜɏɢŮɘŮɠ 

ɓɎɗɞɡɠ ɧˊɤɠ əŬɘ ůŮ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. 

Ƀɘ ŮɝŮɚɘɔɛɏɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɧˊɤɠ ŰŬ ůɡɜŮɚɘəŰɘəɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ 

(Convolutional Neural Networks-CNNs) ɏɢɞɡɜ ɔɑɜŮɘ ˊɘŬ ŭɖɛɞűɘɚŮɑɠ ůŮ ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ 

ŭɞɟɡűɞɟɘəɩɜ əŬɘ űŬůɛŬŰɘəɩɜ ɐ ɡˊŮɟűŬůɛŬŰɘəɩɜ, ŭŮŭɞɛɏɜɤɜ. ɋůŰɧůɞ, ɖ Ŭˊɧŭɞůɖ Űɞɡɠ ůŮ 

ŮűŬɟɛɞɔɏɠ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ əŬɘ ŮɜŰɞˊɘůɛɞɨ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡɠ Ŭˊɧ ɜɏűɖ ůɖɛŮɑɤɜ (Ŭˊɧ 

LIDAR ɐ DIM) ɐ ůɡɜŭɡŬůɛɧ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ DIM əŬɘ ɞɟɗɞŮɘəɧɜɤɜ ŭŮɜ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ 

ŮˊŬɟəɩɠ Ŭˊɧ Űɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ Ůɜɑůɢɡůɖ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ əŬɘ 

ɛɞɟűɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŮ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɐ DIM ɛɏůɤ ˊŬɟŬɛŮŰɟɘəɐɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ŬˊɞŰŮɚŮɑ ˊŮŭɑɞ ɛŮ ɛŮɔɎɚɞ ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ůɨɜɗŮŰɤɜ 

ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ, ŬɡŰɏɠ ɞɘ ŰŮɢɜɘəɏɠ, ůɡɜŮɘůűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ ůŰɖɜ ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ. ɆŰɖɜ 

ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɏɔɘɜŮ ŬɜɎˊŰɡɝɖ Ŭɚɔɞɟɑɗɛɞɡ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɛɏůɤ CNN əŬɘ 

ŬɜŬˊŰɨɢɗɖəŮ ɜɏŬ ŰŮɢɜɘəɐ Ůɜɑůɢɡůɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛɏůɤ ůɡɜɏɚɘɝɖɠ ŬɜɎ ɔɟŬɛɛɐɠ ůɎɟɤůɖɠ.  

ɀŮŰɎ Űɞ ˊɏɟŬɠ ɛɑŬɠ ŭɘŬŭɘəŬůɑŬɠ ŰŬɝɘɜɧɛɖůɖɠ, ŬəɞɚɞɡɗŮɑ ůɡɜɐɗɤɠ ɖ ɛŮŰŬ-ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, ɖ ɛŮŰŬ-ŮˊŮɝŮɟɔŬůɑŬ ŬˊɞůəɞˊŮɑ ůŰɖ ɓŮɚŰɑɤůɖ Űɤɜ 

ŰŮɚɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ ɐ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ Űɞɡɠ ɏŰůɘ ɩůŰŮ ɜŬ 

ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ůŰɞ ůŰɎŭɘɞ Űɖɠ əŬŰɎŰɛɖůɖɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ŮűŬɟɛɧůŰɖəŬɜ ŰŮɢɜɘəɏɠ 

ŬˊŬɚɞɘűɐɠ ɗɞɟɨɓɞɡ (ɛŮɛɞɜɤɛɏɜŮɠ ŮɘəɞɜɞɣɖűɑŭŮɠ ɐ ɛɘəɟɏɠ ůɡůŰɎŭŮɠ ůɖɛŮɑɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ ŭɘɎűɞɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮůűŬɚɛɏɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ) əŬɘ əɎɚɡɣɖɠ əŮɜɩɜ Ůɜɩ ˊŬɟɎɚɚɖɚŬ 

ŭɘŮɟŮɡɜɐɗɖəŮ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɢɟɐůɖɠ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ LIDAR əŬɘ DIM 

ůŰŬ ɧɟɘŬ Űɤɜ əŰɘůɛɎŰɤɜ.  

ȹɨɞ ŬɟəŮŰɎ ŭɖɛɞűɘɚŮɑɠ Ŭɚɔɧɟɘɗɛɞɘ ɔɘŬ Űɖɜ əŬŰɎŰɛɖůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ ůŮ ŮˊɑˊŮŭŬ ŮɑɜŬɘ ɞ SHT 

(3D Standard Hough Transform) əŬɘ ɞ RHT (3D Randomized Hough Transform). Ƀ RHT ɏɢŮɘ 

ŮəŰŮɚŮůŰŮɑ ŮˊɘŰɡɢɩɠ ůŮ Ŭˊɚɏɠ ŮˊɑɔŮɘŮɠ ŮűŬɟɛɞɔɏɠ ŬˊɞŰɨˊɤůɖɠ ŮůɤŰŮɟɘəɩɜ ɢɩɟɤɜ ˊɞɡ əɎɜɞɡɜ 

ɢɟɐůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ ŮˊɑɔŮɘɞɡɠ ůŬɟɤŰɏɠ laser. ɋůŰɧůɞ, ɛɏɢɟɘ ůɐɛŮɟŬ, ŭŮɜ ŮɑɢŮ ŮűŬɟɛɞůŰŮɑ 

əŬɘ ŬɝɘɞɚɞɔɖɗŮɑ ŮˊŬɟəɩɠ ůŮ ŬɜŰɑůŰɞɘɢŮɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ əɎɜɞɡɜ ɢɟɐůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ 

DIM ɐ əŬɘ ůŮ ŮɜŬɏɟɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ˊɞɡ əɎɜɞɡɜ ɢɟɐůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ 
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LIDAR ɛŮ ɏɛűŬůɖ ůŰŬ əŰɑůɛŬŰŬ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, ɞ RHT ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ Űɖɜ 

əŬŰɎŰɛɖůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ ůŮ ŮˊɑˊŮŭŬ, ůŰɞɜ ɞˊɞɑɞ ɛɎɚɘůŰŬ ˊɟɞŰŮɑɜɞɜŰŬɘ ɜɏŮɠ ŮˊŮəŰɎůŮɘɠ əŬɘ ɜɏŬ 

ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ůɡůůɤɟŮɡŰɐ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ əŬɚɨŰŮɟɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ůŮ ɛɘəɟɧŰŮɟɞ 

ɢɟɧɜɞ. ɇɏɚɞɠ, ŬɜŬˊŰɨɢɗɖəŮ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ 

əŬŰɎŰɛɖůɖɠ ɜŮűɩɜ ůɖɛŮɑɤɜ ɔɘŬ 3ȹ ɛɞɜŰŮɚɞˊɞɑɖůɖ əŰɘůɛɎŰɤɜ ůŰŬ ŮˊɑˊŮŭŬ ɚŮˊŰɞɛɏɟŮɘŬɠ (Levels 

of Detail-LoDs) LoD 1 əŬɘ 2 . 

ɆɡɜɞˊŰɘəɎ, ŰŬ ˊɟɤŰɧŰɡˊŬ ůŰɞɘɢŮɑŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ ŮɑɜŬɘ: 

Ç ȼ ŬɜɎˊŰɡɝɖ Ŭɚɔɞɟɑɗɛɞɡ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɛɏůɤ CNN ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ 

ůɨɜɗŮŰɤɜ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ůŰɘɠ əɚɎůŮɘɠ çȾŰɑůɛŬŰŬè, çȸɚɎůŰɖůɖè əŬɘ çȰŭŬűɞɠè (ɔɘŬ 

Űɖɜ ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ) əŬɘ ůŰɘɠ əɚɎůŮɘɠ çɁɏŬ əŰɑůɛŬŰŬè, çȷɛŮŰɎɓɚɖŰŬ əŰɑůɛŬŰŬè 

əŬɘ çȯɚɚŬ ŬɜŰɘəŮɑɛŮɜŬè (ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ). Ⱥˊɘˊɚɏɞɜ, Űɞ CNN 

ŰɟɞűɞŭɞŰɐɗɖəŮ ɛŮ ˊɟɤŰɧŰɡˊɞ ůɡɜŭɡŬůɛɧ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ ɧˊɤɠ: 1) ůɡɜŭɡŬůɛɧ 

ɟŬŭɘɞɛŮŰɟɘəɐɠ əŬɘ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ Ŭˊɧ ɞɟɗɞŮɘəɧɜŮɠ əŬɘ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ 

DIM, əŬɘ 2) ůɡɜŭɡŬůɛɧ əŬŰɎɚɚɖɚɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ Ŭˊɧ 

ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR.  

Ç ȼ ŬɜɎˊŰɡɝɖ ɜɏŬɠ ŰŮɢɜɘəɐɠ Ůɜɑůɢɡůɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛɏůɤ ůɡɜɏɚɘɝɖɠ ŬɜɎ ɔɟŬɛɛɐɠ 

ůɎɟɤůɖɠ (scan line smooth filtering) ůŮ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɔɘŬ Űɖɜ ŬɜɎŭŮɘɝɖ əŬɘ 

Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɤɜ əŰɘůɛɎŰɤɜ Ŭˊɧ Űɖ ɓɚɎůŰɖůɖ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ ŭŮɜ ŬˊŬɘŰŮɑ əɎˊɞɘŬ 

ˊɟɧůɗŮŰɖ ˊɚɖɟɞűɞɟɑŬ ɧˊɤɠ ˊɞɚɚŬˊɚɏɠ ŮˊɘůŰɟɞűɏɠ ɐ Űɘɛɏɠ ɏɜŰŬůɖɠ ŬɚɚɎ ŮɜɘůɢɨŮɘ 

ɔŮɤɛŮŰɟɘəɎ əŬɘ ɛɞɟűɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ ŰŬ normals.  

Ç ȼ ŬɜɎˊŰɡɝɖ ɜɏŬɠ ŮəŰŮŰŬɛɏɜɖɠ əŬɘ ˊɟɞůŬɟɛɞůŰɘəɐɠ ŰŮɢɜɘəɐɠ əŬŰɎŰɛɖůɖɠ ɜŮűɩɜ ůɖɛŮɑɤɜ 

ůŮ ŮˊɑˊŮŭŬ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŬɜŬˊŰɨɢɗɖəŮ ɜɏŬ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ůɡůůɤɟŮɡŰɐ ůŰɞɜ 

ˊŬɟŬɛŮŰɟɘəɧ ɢɩɟɞ Hough əŬɘ ˊɟɞŰɎɗɖəŬɜ ɜɏŮɠ ŮˊŮəŰɎůŮɘɠ Űɞɡ RHT ɧˊɤɠ: 1) ˊɟɧůɗŮŰɞɘ 

ɔŮɤɛŮŰɟɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ Ŭˊɞəɞˊɐɠ ɔɘŬ Űɖ ůɡɚɚɞɔɐ Űɖɠ ŰɟɘɎŭŬɠ ůɖɛŮɑɤɜ, 2) ˊɟɧůɗŮŰɞ 

əɟɘŰɐɟɘɞ Ůˊɘɚɞɔɐɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɞ ˊɟɞůŭɘɞɟɘůɗɏɜ 

əɡɟɑŬɟɢɞ ŮˊɑˊŮŭɞ, 3) ŬɡŰɧɛŬŰɖ Ůˊɘɚɞɔɐ ɡˊɞ-ˊŮɟɘɞɢɩɜ ɛɏůɤ ˊɟɞůŬɟɛɞůŰɘəɩɜ ůɖɛŮɑɤɜ, 

əŬɘ 4) ŬɡŰɧɛŬŰɖ əŬɗɞŭɘəɐ ɟɨɗɛɘůɖ ˊŬɟŬɛɏŰɟɤɜ. ȸɎůŮɘ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ŮˊŮəŰɎůŮɤɜ 

əŬɘ Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ Űɞɡ ůɡůůɤɟŮɡŰɐ, ˊɟɞŰɎɗɖəŬɜ ˊɏɜŰŮ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ RHT (iRHT, 

ȺRHT, eȺRHT, APRHT-C əŬɘ APRHT-R) ůŰɘɠ ɞˊɞɑŮɠ ɏɔɘɜŮ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ Űɞɡɠ ɛɏůŬ Ŭˊɧ ŮəŰŮɜŮɑɠ ˊŮɘɟŬɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ůŮ ŭɘɎűɞɟŬ Ůɑŭɖ ŭŮŭɞɛɏɜɤɜ 

əŬɘ Űɨˊɞɡɠ əŰɘůɛɎŰɤɜ. 
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1.4. ȹɞɛɐ Űɖɠ ŭɘŬŰɟɘɓɐɠ 

ũɘŬ Űɖɜ ŬɜŬɚɡŰɘəɧŰŮɟɖ ˊŮɟɘɔɟŬűɐ Űɤɜ ŮűŬɟɛɞɕɧɛŮɜɤɜ ŰŮɢɜɘəɩɜ ɧˊɤɠ əŬɘ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ əŬɘ 

ůɢɞɚɘŬůɛɧ Űɤɜ ŮɝŬɢɗɏɜŰɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡɠ, ɖ ŭɘŬŰɟɘɓɐ ŭɘŬɟɗɟɩɜŮŰŬɘ ůŰŬ Ůɝɐɠ əŮűɎɚŬɘŬ: 

ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ 1 ɏɔɘɜŮ ɛɘŬ ŮɘůŬɔɤɔɐ ůŰɖɜ ɏɟŮɡɜŬ ˊɞɡ ŭɘŮɝɎɔŮŰŬɘ, ůɢŮŰɘəɎ ɛŮ Űɖɜ  

ŬɜɑɢɜŮɡůɖ, əŬŰɎŰɛɖůɖ əŬɘ ŮɜŰɞˊɘůɛɧ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ŮɘəɧɜŮɠ əŬɘ ɜɏűɖ ůɖɛŮɑɤɜ. 

ɃɟɑůŰɖəŮ Ůˊɑůɖɠ Űɞ ŬɜŰɘəŮɑɛŮɜɞ əŬɘ ɞɘ ůŰɧɢɞɘ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ, əŬɗɩɠ əŬɘ ŰŬ ́ɟɤŰɧŰɡˊŬ 

ůŰɞɘɢŮɑŬ Űɖɠ. 

ɆŰɞ əŮűɎɚŬɘɞ 2 ɔɑɜŮŰŬɘ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬůəɧˊɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ ŰŮɢɜɘəɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ůɨɔɢɟɞɜɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ, əŬŰɎŰɛɖůɖ əŬɘ 

ŮɜŰɞˊɘůɛɧ ɛŮŰŬɓɞɚɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ Ŭˊɧ ŮɘəɧɜŮɠ əŬɘ ɜɏűɖ ůɖɛŮɑɤɜ ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŰŬ 

əŰɑůɛŬŰŬ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ ŮəŰŮɜɐɠ ˊŮɟɘɔɟŬűɐ Űɞɡ Űɟɧˊɞɡ ɚɐɣɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM. ɇɏɚɞɠ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ 

Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ, əŬŰɎŰɛɖůɖ əŬɘ ŮɜŰɞˊɘůɛɧ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ.  

ɆŰɞ əŮűɎɚŬɘɞ 3 ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭɝɘɞɚɧɔɖůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM ůŮ ůɨɜɗŮŰŮɠ 

ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɔɑɜŮŰŬɘ ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ ɜŮűɩɜ 

ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM, ŬɚɚɎ əŬɘ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ (ɞɟɗɞŮɘəɧɜŮɠ), ůŮ 

ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ɘŭɘŬɑŰŮɟɖ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ ɏɜŰɞɜŮɠ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ ɧˊɤɠ əŬɘ 

ůŮ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. 

ɆŰɞ əŮűɎɚŬɘɞ 4 ɔɑɜŮŰŬɘ ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ ɛɏůɤ ɜɏɤɜ ŰŮɢɜɘəɩɜ ůŮ ŭŮŭɞɛɏɜŬ ɛŮ: 1) 

ɟŬŭɘɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ, 2) ɡɣɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ, 3) ůɡɜŭɡŬůɛɧ ɟŬŭɘɞɛŮŰɟɘəɐɠ əŬɘ 

ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, 4) ůɡɜŭɡŬůɛɧ Űɡˊɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, 

əŬɘ 5) ůɡɜŭɡŬůɛɧ əŬŰɎɚɚɖɚɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ. Ƀɘ ŰŮɢɜɘəɏɠ ˊɞɡ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Ŭɚɔɧɟɘɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ˊŬɟŬɛŮŰɟɘəɐɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. Ⱥˊɘˊɚɏɞɜ ɔɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ ůŰɞɘɢŮɑɤɜ (əŬɜɎɚɘŬ, 

ŭŮɑəŰŮɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ) ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɧˊɤɠ əŬɘ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŰɟɞűɞŭɧŰɖůɖɠ Űɞɡɠ ɛŮ ŭɘɎűɞɟŬ ˊɞůɞůŰɎ 

ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮűŬɟɛɞɕɧɛŮɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ŬɝɘɞɚɞɔɞɨɜŰŬɘ 

ˊɞɘɞŰɘəɎ əŬɘ ˊɞůɞŰɘəɎ əŬɘ ŭɘŮɟŮɡɜɎŰŬɘ ɖ ůɢɏůɖ ŬəɟɑɓŮɘŬɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ. 

Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ Ŭˊɧ Ɏɚɚɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ Űɖɠ 

ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ.   

ɆŰɞ əŮűɎɚŬɘɞ 5 ɔɑɜŮŰŬɘ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ ɛɏůɤ ɜɏɤɜ ŰŮɢɜɘəɩɜ ůŮ ŭŮŭɞɛɏɜŬ ɛŮ: 

1) ɡɣɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ, əŬɘ 2) ůɡɜŭɡŬůɛɧ ɟŬŭɘɞɛŮŰɟɘəɐɠ əŬɘ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ. Ƀɘ 

ŰŮɢɜɘəɏɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Ŭɚɔɧɟɘɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ˊŬɟŬɛŮŰɟɘəɐɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮűŬɟɛɞɕɧɛŮɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ŬɝɘɞɚɞɔɞɨɜŰŬɘ ́ ɞɘɞŰɘəɎ əŬɘ 
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ˊɞůɞŰɘəɎ əŬɘ ŭɘŮɟŮɡɜɎŰŬɘ ɖ ůɢɏůɖ ŬəɟɑɓŮɘŬɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ 

ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ Ŭˊɧ Ɏɚɚɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ Űɖɠ ŭɘŮɗɜɞɨɠ 

ɓɘɓɚɘɞɔɟŬűɑŬɠ.   

ɆŰɞ əŮűɎɚŬɘɞ 6 ́ ŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɜɏŬ ŮəŰŮŰŬɛɏɜɖ əŬɘ ˊɟɞůŬɟɛɞůŰɘəɐ ŰŮɢɜɘəɐ əŬŰɎŰɛɖůɖɠ ɜŮűɩɜ 

ůɖɛŮɑɤɜ ůŮ ŮˊɑˊŮŭŬ əŬɘ ŬɜŬɚɨŮŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɖ ɛŬɗɖɛŬŰɘəɐ Űɖɠ ɏəűɟŬůɖ əŬɗɩɠ əŬɘ ɞɘ ŭɘɎűɞɟŮɠ 

ˊŬɟŬɚɚŬɔɏɠ Űɖɠ. ũɑɜŮŰŬɘ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ɛɏůŬ Ŭˊɧ ŮəŰŮɜŮɑɠ 

ˊŮɘɟŬɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ůŮ ŭɘɎűɞɟŬ Ůɑŭɖ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɨˊɞɡɠ əŰɘůɛɎŰɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɤɜ ŭɘŬűɧɟɤɜ ˊŬɟŬɚɚŬɔɩɜ ŬɝɘɞɚɞɔɞɨɜŰŬɘ ˊɞɘɞŰɘəɎ əŬɘ ˊɞůɞŰɘəɎ əŬɘ ŭɘŮɟŮɡɜɎŰŬɘ ɖ ůɢɏůɖ 

ŬəɟɑɓŮɘŬɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ 

ŰŬ ŬɜŰɑůŰɞɘɢŬ Ŭˊɧ Ɏɚɚɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ Űɖɠ ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ. ũɘŬ Űɖɜ ŬɜɎŭŮɘɝɖ Űɖɠ 

ɢɟɖůɘɛɧŰɖŰŬɠ ŬɚɚɎ əŬɘ Űɖɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ Űɤɜ ˊɟɞŰŮɘɜɧɛŮɜɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ əŬɘ 

ŮűŬɟɛɞɕɧɛŮɜɤɜ ŰŮɢɜɘəɩɜ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŬ 3ȹ ɛɞɜŰɏɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŰɘůɛɎŰɤɜ ůŮ 

ŭɘɎűɞɟŬ LoDs. 

ȼ ŭɘŬŰɟɘɓɐ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛŮ Űɞ əŮűɎɚŬɘɞ 7, ɧˊɞɡ ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ ɔŮɜɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ əŬɘ ŮɝŮŰɎɕɞɜŰŬɘ ɞɘ ɛŮɚɚɞɜŰɘəɏɠ ˊɟɞɞˊŰɘəɏɠ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ. 
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ȾȺūȷȿȷȽɃ 2: ȸȽȸȿȽɃũɅȷūȽȾȼ ȷɁȷɆȾɃɄȼɆȼ 

 

2.1 ȺɜŬɏɟɘŮɠ əŬɘ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ 

ȼ ɢɟɐůɖ Űɤɜ ɣɖűɘŬəɩɜ Ůɘəɧɜɤɜ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ, ˊɞɡ ůɡɚɚɏɔɞɜŰŬɘ Ŭˊɧ ŮɜŬɏɟɘɞɡɠ ɐ 

ŭɞɟɡűɞɟɘəɞɨɠ ŭɏəŰŮɠ, ŬˊɞŰŮɚŮɑ əŬɗɖɛŮɟɘɜɧ ŮɟɔŬɚŮɑɞ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ, ɧˊɤɠ ɛŮɚɏŰŮɠ 

ɏɟɔɤɜ əŬɘ əŬŰŬůəŮɡɩɜ, ŬɚɚɎ əŬɘ ɔɘŬ ŮɟŬůɘŰŮɢɜɘəɏɠ ɢɟɐůŮɘɠ əŬɘ ɚŮɘŰɞɡɟɔɑŮɠ [13]. ɄŬɟɎɚɚɖɚŬ, 

Ŭɘɢɛɐ Űɞɡ ŭɧɟŬŰɞɠ Űɤɜ ɜɏɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ŮɑɜŬɘ ŰŬ UAVs, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ɞɘəɞɜɞɛɘəɐ əŬɘ 

ŰŬɡŰɧɢɟɞɜŬ ŬɝɘɧˊɘůŰɖ ɚɨůɖ ɏɜŬɜŰɘ Űɤɜ ˊŬɟŬŭɞůɘŬəɩɜ ɛŮɗɧŭɤɜ ŬŮɟɞűɤŰɞɔɟɎűɖůɖɠ. ɇŬ 

ůɖɛŬɜŰɘəɧŰŮɟŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ UAVs ŮɑɜŬɘ: 1) ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŰɐůŮɤɜ ɡɣɖɚɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ, 2) ɖ ŬəɟɑɓŮɘŬ ˊɚɞɐɔɖůɖɠ, 3) ɖ ɚɐɣɖ Ůɘəɧɜɤɜ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ əŬɘ ɞɘ ɛŮɔɎɚŮɠ 

ŮˊɘəŬɚɨɣŮɘɠ 4) ɖ ŭɡɜŬŰɧŰɖŰŬ ɚɐɣɖɠ ˊɚɎɔɘɤɜ (oblique) Ůɘəɧɜɤɜ, əŬɘ 5) ɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ 

ɛŮɛɞɜɤɛɏɜŬ ɐ ůŮ ůɡɜŭɡŬůɛɧ ŭɘŬűɧɟɤɜ Ůɘŭɩɜ ŭŮəŰɩɜ (űŬůɛŬŰɘəɩɜ, ɡˊŮɟűŬůɛŬŰɘəɩɜ, ɗŮɟɛɘəɩɜ, 

laser ə.Ɏ.). ɄŬɟɧɚŬ ŬɡŰɎ, ɞɘ Űɡˊɘəɏɠ ŬŮɟɞűɤŰɞɔɟŬűɐůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ůɡɚɚɏɔɞɜŰŬɘ ɡɣɖɚɐɠ 

ŬɜɎɚɡůɖɠ RGBNIR ŮɘəɧɜŮɠ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛŮ GSD (Ground Sample Distance) Ò 0.25 m, 

ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ˊɟɞůűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ ɞűɏɚɖ ůŰɖ ŭɘůŭɘɎůŰŬŰɖ (2ȹ) əŬɘ ŰɟɘůŭɘɎůŰŬŰɖ (3ȹ) 

ɢŬɟŰɞɔɟɎűɖůɖ ŬůŰɘəɩɜ əŬɘ ɖɛɘ-ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ əŬɘ ɔɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ŬəɧɛŬ əŬɘ ůɐɛŮɟŬ (ˊ.ɢ. ůŰɞ ˊɟɧůűŬŰɞ ɏɟɔɞ Űɖɠ Ⱥ.Ⱦ.ɉ.ȷ. ȷ.Ⱥ. çɄŬɟŬɔɤɔɐ ɊɖűɘŬəɩɜ 

ɃɟɗɞŮɘəɧɜɤɜ ɔɘŬ Űɖ ɢɩɟŬ-LSO25è).   

Ƀɘ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ɡɣɖɚɐɠ əŬɘ ˊɞɚɨ ɡɣɖɚɐɠ (ɛŮɔŬɚɨŰŮɟɖɠ Űɞɡ 1 m) ŬɜɎɚɡůɖɠ, ˊɞɡ 

ůɡɚɚɏɔɞɜŰŬɘ Ŭˊɧ ŰŬ ŭɞɟɡűɞɟɘəɎ ůɡůŰɐɛŬŰŬ ˊŬɟŬŰɐɟɖůɖɠ ɔɖɠ, ŮˊɘŭɏɢɞɜŰŬɘ ŬɜŰɘɛŮŰɩˊɘůɖ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬ ɧɛɞɘŬ ɛŮ ŬɡŰɐ Űɤɜ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ. Ƀɘ ɛŮɔɎɚŮɠ ˊŮɟɘɞɢɏɠ əɎɚɡɣɖɠ, ɖ ŭɘŬɗɏůɘɛɖ 

űŬůɛŬŰɘəɐ ɐ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɐ ˊɚɖɟɞűɞɟɑŬ ɧˊɤɠ əŬɘ ɖ ɡɣɖɚɐ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ 

ůɨɔɢɟɞɜɤɜ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ (ˊ.ɢ. ɞ ŭɞɟɡűɧɟɞɠ WorldView-4 [14] ɏɢŮɘ GSD=0.30 m əŬɘ ɞ 

GeoEye-2 ɏɢŮɘ GSD=0.36 m ůŰɞ ˊŬɔɢɟɤɛŬŰɘəɧ əŬɜɎɚɘ) ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

əŬɗɘůŰɩɜŰŬɠ Űɘɠ əŬŰɎɚɚɖɚŮɠ ůŮ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ [15]. ɀɎɚɘůŰŬ ŰŬ ůɨɔɢɟɞɜŬ ŭɞɟɡűɞɟɘəɎ 

ůɡůŰɐɛŬŰŬ ˊŬɟŬŰɐɟɖůɖɠ ɔɖɠ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůɡɚɚɏɔɞɡɜ ůŰŮɟŮɞůəɞˊɘəɏɠ ŮɘəɧɜŮɠ əŬŰɎ 

ɛɐəɞɠ Űɖɠ ŰɟɞɢɘɎɠ Űɖɠ əɑɜɖůɖɠ Űɞɡ ŭɞɟɡűɧɟɞɡ, ɏɢɞɜŰŬɠ əɎɛŮɟŬ ˊɞɡ ŭɘŬɗɏŰŮɘ ůŰŬɗŮɟɐɠ 

əŬŰŬůəŮɡɐɠ ŰɖɚŮůəɧˊɘŬ ɛŮ ůŰŬɗŮɟɐ ɔɤɜɑŬ ɐ ŮəŰŮɚɩɜŰŬɠ əŬŰɎɚɚɖɚɞ Ůɚɘɔɛɧ Űɞɡ ŰɖɚŮůəɞˊɑɞɡ 

ůɡɚɚɏɔɞɜŰŬɠ ůŰŮɟŮɞůəɞˊɘəɏɠ ŮɘəɧɜŮɠ Ŭɟɢɘəɩɠ ɛŮ ůŰɟŮűɧɛŮɜɞ Űɞ ŰɖɚŮůəɧˊɘɞ Ůɛˊɟɧɠ (forward) 

əŬɘ ɛŮŰɎ ˊɟɞɠ ŰŬ ˊɑůɤ (reverse) (ˊ.ɢ. EROS, QuickBird, WorldView, GeoEye, Pleiades ə.Ɏ.) 

[16]. Ⱥˊɑůɖɠ, ŰŬ ŮɚŮɨɗŮɟŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɘɠ ŭɞɟɡűɞɟɘəɏɠ ŬˊɞůŰɞɚɏɠ Landsat [17] əŬɘ 

Sentinels [18] ɏɢɞɡɜ ůɡɜŮɘůűɏɟŮɘ ůŰɖ ɢŬɟŰɞɔɟɎűɖůɖ ɢɟɐůŮɤɜ ɔɖɠ, űɡůɘəɩɜ əŬŰŬůŰɟɞűɩɜ ə.Ɏ. 

[19-20]. ɄɞɚɚɎ ɡˊɞůɢɧɛŮɜŮɠ ɗŮɤɟɞɨɜŰŬɘ əŬɘ ɞɘ ŰŮɢɜɘəɏɠ ůɡɜŭɡŬůŰɘəɐɠ ɢɟɐůɖɠ ŮŰŮɟɞɔŮɜɩɜ 

ŭɞɟɡűɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɧˊɤɠ ˊɞɚɡűŬůɛŬŰɘəɩɜ (multispectral) ɐ ɡˊŮɟűŬůɛŬŰɘəɩɜ 
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(hyperspectral) Ůɘəɧɜɤɜ ɛŮ ŬˊŮɘəɞɜɑůŮɘɠ SAR (Synthetic Aperture Radar) [21-22]. ɆɖɛŮɘɩɜŮŰŬɘ 

ˊɤɠ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ ŬˊŬɘŰŮɑŰŬɘ ɖ əŬŰɎɚɚɖɚɖ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ 

Űɞɡɠ ɧˊɤɠ: 1) ɟŬŭɘɞɛŮŰɟɘəɐ ŭɘɧɟɗɤůɖ, 2)  ŬŰɛɞůűŬɘɟɘəɐ ŭɘɧɟɗɤůɖ, əŬɘ 3) ɔŮɤɛŮŰɟɘəɐ ŭɘɧɟɗɤůɖ 

[9] [19].  

2.2 Ɂɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR  

2.2.1 ɇɞ ůɨůŰɖɛŬ LIDAR  

ɇŬ ůɡůŰɐɛŬŰŬ LIDAR ŬˊɞŰŮɚɞɨɜ ɛɑŬ ɘŭɘŬɑŰŮɟŬ ŬɝɘɧˊɘůŰɖ ɚɨůɖ ɔɘŬ Űɖ ůɡɚɚɞɔɐ ˊɡəɜɩɜ ɜŮűɩɜ 

ůɖɛŮɑɤɜ ŮɑŰŮ Ŭˊɧ ŮɜŬɏɟɘŮɠ (Aerial Laser Scanning-ALS) ŮɑŰŮ Ŭˊɧ ŮˊɑɔŮɘŮɠ (Terrestrial Laser 

Scanning-TLS) ɚɐɣŮɘɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ  ɖ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŬůɢɞɚŮɑŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ɛŮ ŮɜŬɏɟɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ LIDAR (ALS/LIDAR), ɞ ɧɟɞɠ LIDAR ɗŬ ŬɜŬűɏɟŮŰŬɘ Ŭˊɧ Ůŭɩ əŬɘ ůŰɞ Ůɝɐɠ ɔɘŬ 

ŮɜŬɏɟɘŮɠ ɚɐɣŮɘɠ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ˊŬɗɖŰɘəɏɠ (passive) ŰŮɢɜɘəɏɠ, ɖ ŰŮɢɜɘəɐ LIDAR ŬˊɞŰŮɚŮɑ ɛɑŬ 

ŮɜŮɟɔɖŰɘəɐ (active) ŰŮɢɜɘəɐ ˊɞɡ ŬˊɞůəɞˊŮɑ ůŰɖ ůɡɚɚɞɔɐ ˊɡəɜɩɜ ɜŮűɩɜ ůɖɛŮɑɤɜ ɛɘŬɠ ˊŮɟɘɞɢɐɠ 

ɛŮɚɏŰɖɠ. ȼ ɓŬůɘəɐ Ŭɟɢɐ Űɤɜ ůɡůəŮɡɩɜ LIDAR ůŰɖɟɑɕŮŰŬɘ ůŰɖ ɛɏŰɟɖůɖ ŬˊɞůŰɎůŮɤɜ ɛŮ ɢɟɐůɖ 

laser. ȼ ɛɏŰɟɖůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŬ Ŭˊɧ Űɖ ůɡůəŮɡɐ ˊɟɞɠ Űɞ ŮˊɘɗɡɛɖŰɧ 

ŬɜŰɘəŮɑɛŮɜɞ ɐ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɛŮ Űɖ ŭɘŬŭɞɢɘəɐ Ůəˊɞɛˊɐ ˊŬɚɛɩɜ laser əŬɘ Űɖɜ ŮəŰɟɞˊɐ Űɞɡɠ ɡˊɧ 

ɞɟɘůɛɏɜŮɠ ɔɤɜɑŮɠ ɛɏůŬ ůŮ ɏɜŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ Ůɨɟɞɠ [23]. ɇɞ ɛɐəɞɠ Űɞɡ əɨɛŬŰɞɠ Űɞɡ 

ŮəˊŮɛˊɧɛŮɜɞɡ laser ˊɞɘəɑɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɡůəŮɡɐ Űɞɡ əɎɗŮ əŬŰŬůəŮɡŬůŰɐ. ɇɞ ŬˊɞŰɏɚŮůɛŬ 

Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɡŰɐɠ ɞɜɞɛɎɕŮŰŬɘ ůɎɟɤůɖ əŬɘ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊɞɚɨ 

ɔɟɐɔɞɟŮɠ ɛŮŰɟɐůŮɘɠ ŬˊɞůŰɎůŮɤɜ əŬɗɩɠ əŬɘ Űɤɜ ɔɤɜɘɩɜ ɛŮ Űɘɠ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŬɡŰɏɠ, 

ɏŰůɘ ɩůŰŮ ɜŬ ɔɑɜŮŰŬɘ ˊɡəɜɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ůɖɛŮɑɤɜ, əŬɚɨˊŰɞɜŰŬɠ ɛŮɔɎɚŮɠ ˊŮɟɘɞɢɏɠ ɛɏůŬ ůŮ 

ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. ȾɨɟɘŮɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ůɎɟɤůɖɠ, ŮɑɜŬɘ Űɞ Ůɨɟɞɠ Űɖɠ 

ɔɤɜɑŬɠ ůɎɟɤůɖɠ (ɗmax), Űɞ ɞˊɞɑɞ əŬɗɞɟɑɕŮɘ Űɞ ˊŮŭɑɞ ɞɟŬŰɧŰɖŰŬɠ Űɞɡ ůŬɟɤŰɐ (Field Of View-

FOV) əŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɨɣɞɠ ˊŰɐůɖɠ, Űɞ Ůɨɟɞɠ Űɖɠ ɚɤɟɑŭŬɠ ůɎɟɤůɖɠ (Swath Width-SW) 

ůŰɞ ɏŭŬűɞɠ. ɇɞ ˊɟɧŰɡˊɞ Űɤɜ ůɡůəŮɡɩɜ, LIDAR ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ŮɑɜŬɘ 

Űɞ ˊɟɧŰɡˊɞ Űɖɠ ˊɚɐɟɞɡɠ əɡɛŬŰɞɛɞɟűɐɠ (full-waveform) [24]. ɋůŰɧůɞ, ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ Ŭɘɢɛɐɠ 

ˊɟɞŰŮɑɜɞɡɜ ɜɏŬ ˊɟɧŰɡˊŬ (single photon əŬɘ geiger-mode), ŰŬ ɞˊɞɑŬ űŬɑɜŮŰŬɘ ɜŬ ˊŬɟɏɢɞɡɜ 

ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ɧůɞɜ ŬűɞɟɎ ůŰɞɜ ɢɟɧɜɞ ůɡɚɚɞɔɐɠ, Űɞ əɧůŰɞɠ ŬɚɚɎ əŬɘ Űɖɜ ˊɡəɜɧŰɖŰŬ 

Űɤɜ ůɖɛŮɑɤɜ [25].  

ȺəŰɧɠ Ŭˊɧ Űɖ ůɡůəŮɡɐ LIDAR, Űɞ ůɨůŰɖɛŬ ŭɘŬɗɏŰŮɘ əŬɘ ŭɨɞ ˊɟɧůɗŮŰŬ ɡˊɞůɡůŰɐɛŬŰŬ GNSS 

(Global Navigation Satellite System) əŬɘ INS (Inertial Navigation System) ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɤɜ Űɟɞɢɘɩɜ, ŭɖɚŬŭɐ Űɤɜ ɗɏůŮɤɜ (ɉ, Ɉ, Ȼ) əŬɘ Űɤɜ ůŰɟɞűɩɜ (roll, pitch, yaw) Űɖɠ əɎɗŮ ɚɤɟɑŭŬɠ 

ůɎɟɤůɖɠ (ȺɘəɧɜŬ 2.1). ȺˊɘˊɟɧůɗŮŰŬ, Űɞ ˊɚɐɟŮɠ ůɨůŰɖɛŬ LIDAR ŭɘŬɗɏŰŮɘ əŬɘ ɢɟɞɜɧɛŮŰɟɞ 

ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ ɔɘŬ Űɞɜ ůɡɔɢɟɞɜɘůɛɧ ɧɚɤɜ Űɤɜ ɡˊɞůɡůŰɖɛɎŰɤɜ əŬɗɩɠ əŬɘ ɛɞɜɎŭŬ 

ŬˊɞɗɐəŮɡůɖɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ůɡůŰɐɛŬŰŬ ɢŮɘɟɘůɛɞɨ əŬɘ Ůɚɏɔɢɞɡ. ȼ  ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ˊɚɐɟɞɡɠ 

ůɡůŰɐɛŬŰɞɠ ŬɜɎ ŰŬəŰɎ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ ŬˊɞŰŮɚŮɑ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ 
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ŮɚŬɢɘůŰɞˊɞɑɖůɖ ŮɘůŬɔɤɔɐɠ ůɡůŰɖɛŬŰɘəɩɜ ůűŬɚɛɎŰɤɜ (boresight misalignment, mirror angles əŬɘ 

range biases [26]) ɐ əŬɘ ɢɞɜŭɟɞŮɘŭɩɜ (outlier) əŬŰɎ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ [27]. ɀŮ Űɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ ɔɑɜŮŰŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ŬˊɞəɚɑůŮɤɜ əŬɘ Űɤɜ ɢɤɟɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ůɨůŰɖɛŬ Ŭˊɧ Űɖɜ ɘŭŬɜɘəɐ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

[28]. ɇɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ ́ ɞɡ ŬɟɢɘəɎ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɖ ˊɟɞɓɞɚɐ UTM ɩůŰŮ ɜŬ 

ɔɑɜŮɘ, ůŰɖ ůɡɜɏɢŮɘŬ, ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ LIDAR ůŰɞ Űɞˊɘəɧ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɧ əŬɘ 

ɡɣɞɛŮŰɟɘəɧ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢŮɘ əŬɗɘŮɟɤɗŮɑ ɐ ɢɟɐůɖ Űɞɡ ɛɞɟűɧŰɡˊɞɡ 

*.las ɐ *.laz ɔɘŬ Űɖɜ ŰŬɢŮɑŬ ŬˊɞɗɐəŮɡůɖ, ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ 

ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ŰŬ ˊŬɟŬŭɞůɘŬəɎ ɛɞɟűɧŰɡˊŬ ASCII.  

 

 

    ȺɘəɧɜŬ 2.1: To ˊɚɐɟŮɠ ůɨůŰɖɛŬ LIDAR. Ʉɖɔɏɠ: [29-30] 

Ƀɘ ˊɖɔɏɠ ůűŬɚɛɎŰɤɜ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ŮɑɜŬɘ: 1) ɖ ŬɓŮɓŬɘɧŰɖŰŬ ůŰɖ ɛɏŰɟɖůɖ Űɖɠ 

ŬˊɧůŰŬůɖɠ, 2) ɖ ŬɓŮɓŬɘɧŰɖŰŬ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ əŬɘ Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɖɠ 

ɚɤɟɑŭŬɠ ůɎɟɤůɖɠ Ŭˊɧ ŰŬ ůɡůŰɐɛŬŰŬ GNSS/INS, 3) ɖ ɔɤɜɑŬ ŮəŰɟɞˊɐɠ Űɖɠ ŭɏůɛɖɠ laser, 4) ŰŬ 

ůűɎɚɛŬŰŬ ɢɟɧɜɞɡ əŬŰɎ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ ŭɘŬűɧɟɤɜ ɡˊɞůɡůŰɖɛɎŰɤɜ, 5) Űɞ 

ůűɎɚɛŬ ɛŮŰŬŰɟɞˊɐɠ Űɤɜ ɡɣɞɛɏŰɟɤɜ Ŭˊɧ ɔŮɤɛŮŰɟɘəɎ ůŮ ɞɟɗɞɛŮŰɟɘəɎ ɛŮ Űɖ ɢɟɐůɖ ɛɞɜŰɏɚɞɡ 

ɔŮɤŮɘŭɞɨɠ, əŬɘ 6) ŰŬ ůűɎɚɛŬŰŬ ɛŮŰŬŰɟɞˊɩɜ Ŭˊɧ Űɞ ůɨůŰɖɛŬ WGSô84 ůŰɞ ŮəɎůŰɞŰŮ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ɔŮɤŭŬɘŰɘəɧ ůɨůŰɖɛŬ [23] [31].  

2.2.2 ȺˊŮɝŮɟɔŬůɑŬ ɚɤɟɑŭɤɜ ůɎɟɤůɖɠ 

ũɘŬ ŮəŰŮŰŬɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ ɖ ůɎɟɤůɖ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɘŬŭɞɢɘəɏɠ 

ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ůŬɟɩůŮɘɠ. ɆŰɘɠ ŮɜŬɏɟɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɖ ŭɘŬŭɞɢɘəɐ ŬɡŰɐ ŮˊɘəŬɚɡˊŰɧɛŮɜɖ 

ůɎɟɤůɖ ŭɘŬůűŬɚɑɕŮŰŬɘ Ŭˊɧ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ůɢɏŭɘɞ ˊŰɐůɖɠ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŬˊɞŰɨˊɤůɖ 

Űɖɠ ˊŮɟɘɞɢɐɠ. Ⱥˊɑůɖɠ, ŮəŰŮɚɞɨɜŰŬɘ ŮɔəɎɟůɘŮɠ ŭɘŬŭɞɢɘəɏɠ ůŬɟɩůŮɘɠ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ 

ůɡůŰɖɛŬŰɘəɩɜ ůűŬɚɛɎŰɤɜ əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɚɤɟɑŭɤɜ ůɎɟɤůɖɠ (ȺɘəɧɜŬ 2.2). ɆŰɘɠ 

ŮˊɑɔŮɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɖ ŮˊɘəŬɚɡˊŰɧɛŮɜɖ ůɎɟɤůɖ ŭɘŬůűŬɚɑɕŮŰŬɘ ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ŰɞˊɞɗɏŰɖůɖ 

Űɖɠ ůɡůəŮɡɐɠ ůŰɞ ɢɩɟɞ. Ƀɘ ɗɏůŮɘɠ ŬɡŰɏɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŰɏŰɞɘŮɠ ɩůŰŮ ɜŬ ɔɑɜŮɘ ůɎɟɤůɖ 
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ŰɞɡɚɎɢɘůŰɞɜ Űɟɘɩɜ əɞɘɜɩɜ Ůɘŭɘəɩɜ ůŰɧɢɤɜ ɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůɖɛŮɑɤɜ ɔɘŬ Űɖ ůɡɜɏɜɤůɖ Űɤɜ 

ɚɤɟɑŭɤɜ ůŮ ɛŮŰɏˊŮɘŰŬ ůŰɎŭɘɞ.  

 

    ȺɘəɧɜŬ 2.2: Ɇɢɏŭɘɞ ˊŰɐůɖɠ ɔɘŬ ůɎɟɤůɖ ˊŮɟɘɞɢɐɠ ɛŮ ůɨůŰɖɛŬ LIDAR ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ŭɘŬŭɞɢɘəɏɠ 

ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ əŬɘ ŮɔəɎɟůɘŮɠ ɚɤɟɑŭŮɠ ůɎɟɤůɖɠ. Ʉɖɔɐ: [32] 

ũɘŬ Űɖɜ ŬˊŬɚɞɘűɐ Űɤɜ ůɡůŰɖɛŬŰɘəɩɜ ůűŬɚɛɎŰɤɜ ɛŮŰŬɝɨ Űɤɜ ŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ ɚɤɟɑŭɤɜ 

ůɎɟɤůɖɠ, ŮəŰŮɚŮɑŰŬɘ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ůɡɜɏɜɤůɖɠ ɛŮŰŬɝɨ Űɞɡɠ (strip adjustment ɐ strip registration). 

ȼ ŰŬɢŮɑŬ əŬɘ ŬɝɘɧˊɘůŰɖ ůɡɜɏɜɤůɖ ɛŮŰŬɝɨ Űɤɜ ŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ ɚɤɟɑŭɤɜ ůɎɟɤůɖɠ ́ŬɟŬɛɏɜŮɘ 

ŬəɧɛŬ əŬɘ ůɐɛŮɟŬ ɏɜŬ ŬɜɞɘɢŰɧ ŮɟŮɡɜɖŰɘəɧ ɕɐŰɖɛŬ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɧɢɘ ɛɧɜɞ əŬɚŮɑŰŬɘ ɜŬ 

ŮˊŮɝŮɟɔŬůŰŮɑ ɏɜŬɜ ɛŮɔɎɚɞ ɧɔəɞ ŭŮŭɞɛɏɜɤɜ ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ˊɞɘɧŰɖŰŬ 

Űɞɡ ŰŮɚɘəɞɨ ɜɏűɞɡɠ LIDAR ůɖɛŮɑɤɜ əŬɘ ɎɟŬ, əŬŰô ŮˊɏəŰŬůɖ Űɖ ɢɟɐůɖ Űɞɡ ůŮ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ 

ɧˊɤɠ ŰŬɝɘɜɧɛɖůɖɠ, əŬŰɎŰɛɖůɖɠ ə.Ɏ. [33-34]. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮɑ ɖ ˊŮɟɑˊŰɤůɖ 

ůŰɖɜ ȺɘəɧɜŬ 2.3-ŬɟɘůŰŮɟɎ ɧˊɞɡ ŮɑɜŬɘ ɞɟŬŰɐ ɖ ůɡůŰɖɛŬŰɘəɐ ɛŮŰŬŰɧˊɘůɖ Űɤɜ əŰɘůɛɎŰɤɜ ɛŮŰŬɝɨ 

Űɤɜ Ŭɟɢɘəɩɜ ŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ ɚɤɟɑŭɤɜ ůɎɟɤůɖɠ (scan line) əŬɘ ɖ ŬˊŬɚɞɘűɐ Űɖɠ ɛŮŰɎ Űɖɜ 

ŬɡŰɧɛŬŰɖ ůɡɜɏɜɤůɖ Űɞɡɠ (ȺɘəɧɜŬ 2.3-ŭŮɝɘɎ). 

 

 

ȺɘəɧɜŬ 2.3: ɆɡůŰɖɛŬŰɘəɐ ɛŮŰŬŰɧˊɘůɖ ɛŮŰŬɝɨ ŭɨɞ Ŭɟɢɘəɩɜ (ɛˊɚŮ əŬɘ ˊɞɟŰɞəŬɚɑ) ŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ ɚɤɟɑŭɤɜ ůɎɟɤůɖɠ 

(ŬɟɘůŰŮɟɎ) əŬɘ ɖ ŬˊŬɚɞɘűɐ Űɖɠ ɛŮŰɎ Űɖɜ ŬɡŰɧɛŬŰɖ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ (ŭŮɝɘɎ). ɇŬ əɧəəɘɜŬ ůɖɛŮɑŬ ɡˊɞŭŮɘəɜɨɞɡɜ Űɘɠ 

ɗɏůŮɘɠ ůɖɛŮɑɤɜ Ůɚɏɔɢɞɡ. Ʉɖɔɐ: [29] 
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Ƀɘ ŰŮɢɜɘəɏɠ ůɡɜɏɜɤůɖɠ ɜŮűɩɜ ůɖɛŮɑɤɜ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ əŬŰɎ əŬɘɟɞɨɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ 

ɢɟɐůɖ ɞɛɧɚɞɔɤɜ ůɖɛŮɑɤɜ ɔɘŬ ŮűŬɟɛɞɔɐ ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ (3ȹ ɞɛɞɘɧŰɖŰŬɠ ɐ 3ȹ Ŭűɘɜɘəɧ) [35], 

Űɞɜ Ŭɚɔɧɟɘɗɛɞ ŮˊŬɜŬɚɖˊŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ůɖɛŮɑɞɡ (Iterative Closest Point-ICP) [29][36], Űɖ 

ɢɟɐůɖ Űɤɜ Űɘɛɩɜ ɡɣɞɛɏŰɟɞɡ əŬɘ ɏɜŰŬůɖɠ [26] əŬɘ Űɖ ɢɟɐůɖ ɔɟŬɛɛɘəɩɜ ɐ ŮˊɑˊŮŭɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ 

ɜɏűɞɡɠ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR [37-38].  

2.2.3 ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR 

ɇŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ŮɑɜŬɘ: 1) ɖ ŭɡɜŬŰɧŰɖŰŬ ɚɐɣɖɠ 

ŭŮŭɞɛɏɜɤɜ Űɖ ɜɨɢŰŬ, 2) ɖ ˊɘůŰɐ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 3) ɖ ŰŬɢŮɑŬ ůɡɚɚɞɔɐ 

ɔŮɤŬɜŬűŮɟɛɏɜɤɜ ˊɡəɜɩɜ ůɖɛŮɑɤɜ ɛŮɔɎɚɤɜ ˊŮɟɘɞɢɩɜ ɛŮɚɏŰɖɠ 4) ɖ ɡɣɖɚɐ ŬəɟɑɓŮɘŬ ɗɏůɖɠ Űɞɡ 

ŮəɎůŰɞŰŮ ůɖɛŮɑɞɡ əŬŰɎ ɉ, Ɉ, Ȼ (ɛŮ Űɖɜ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐ ŬəɟɑɓŮɘŬ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ 

ɡɣɞɛŮŰɟɘəɐ) ŬɚɚɎ əŬɘ ɖ ɞɛɞɘɞɔŮɜɐɠ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ, əŬɘ 5) ɖ əŬŰŬɔɟŬűɐ ˊɟɧůɗŮŰɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ. ɆŰŬ [12] [39] ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ˊɞɡ ŭɘŬŰɑɗŮɜŰŬɘ 

ŮɚŮɨɗŮɟŬ. ɋůŰɧůɞ, ɖ ůɡɚɚɞɔɐ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ɏɢŮɘ ɡɣɖɚɧ 

əɧůŰɞɠ ɔɘŬ ɛɘəɟɏɠ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ Ůɜɩ ˊŬɟɎɚɚɖɚŬ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŮɝŮɘŭɘəŮɡɛɏɜɖɠ ˊɟɞ-

ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ (ŬŰɛɞůűŬɘɟɘəɏɠ ŭɘɞɟɗɩůŮɘɠ, ůɡɜɏɜɤůɖ ɛŮŰŬɝɨ Űɤɜ ɚɤɟɑŭɤɜ ůɎɟɤůɖɠ ə.Ɏ.) 

űŬɑɜŮŰŬɘ ˊɤɠ ɡűɑůŰŬŰŬɘ ɛɏɢɟɘ ůɐɛŮɟŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞˊɘəɐɠ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬŰɎ Űɖ 

ůɎɟɤůɖ, ŭɖɚŬŭɐ Űɖɠ ůɡɚɚɞɔɐɠ ŬɟŬɘɞɨɠ ˊɡəɜɧŰɖŰŬɠ ůɖɛŮɑɤɜ,  ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ɛɘəɟɐɠ ŮˊɘűɎɜŮɘŬɠ 

ɧˊɤɠ ɛɘəɟɎ əŰɑůɛŬŰŬ ɐ ɛɘəɟɏɠ ˊɟɞůɗɐəŮɠ əŰɘůɛɎŰɤɜ ůŮ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ əŬŰŬɔɟɎűɞɜŰŬɘ 

ɛŮɟɘəɩɠ. ȺˊɘˊɟɞůɗɏŰɤɠ, ˊɟɞɓɚɐɛŬŰŬ ŬˊɩɚŮɘŬɠ əŬŰŬɔɟŬűɐɠ ůɖɛŮɑɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ 

ŬɜŰɘəŮɑɛŮɜŬ ůŰɘɠ ɞɟɞűɏɠ Űɤɜ əŰɘůɛɎŰɤɜ ˊɞɡ ŬɜŬəɚɞɨɜ ˊɚɐɟɤɠ Űɞɜ ˊɟɞůˊɑˊŰɞɜŰŬ ˊŬɚɛɧ 

(ɔɡɎɚɘɜŮɠ ɐ ɛŮŰŬɚɚɘəɏɠ ɞɟɞűɏɠ ə.Ɏ.).   

ȼ ́ɡəɜɧŰɖŰŬ əŬɘ ɖ ŬəɟɑɓŮɘŬ ɗɏůɖɠ Űɤɜ ůɖɛŮɑɤɜ ŮɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɞ ůɨůŰɖɛŬ laser ɧůɞ əŬɘ 

Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ. ȼ ˊɡəɜɧŰɖŰŬ Űɤɜ ůɖɛŮɑɤɜ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɞɟɑɕŮŰŬɘ ˊɟɘɜ Ŭˊɧ Űɖ ůɎɟɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ŮűŬɟɛɞɔɐ ɔɘŬ Űɖɜ ɞˊɞɑŬ ɗŬ 

Ŭɝɘɞˊɞɘɖɗɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɘŬ ůɡɜɐɗŮɘɠ ŮɟɔŬůɑŮɠ 3ȹ ŬɜŬəŬŰŬůəŮɡɐɠ ŬůŰɘəɩɜ 

ˊŮɟɘɞɢɩɜ, ɖ ŬˊŬɘŰɞɨɛŮɜɖ ˊɡəɜɧŰɖŰŬ Űɤɜ ůɖɛŮɑɤɜ ŮɑɜŬɘ 5 ůɖɛŮɑŬ/m2 ɔɘŬ ˊŮɟɘɞɢɏɠ ˊɞɡ ŭŮɜ 

ɡˊɎɟɢɞɡɜ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɚɤɟɑŭŮɠ ůɎɟɤůɖɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ Űɖɠ ŬəŰɑɜŬɠ 

laser, Űɞ ɨɣɞɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ůŰɞɜ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞ, Űɞ ɨɣɞɠ ˊŰɐůɖɠ Űɖɠ 

ˊɚŬŰűɧɟɛŬɠ ə.Ɏ., ɡˊɎɟɢŮɘ ˊŮɟɑˊŰɤůɖ ɜŬ ɔɑɜŮɘ ɚɐɣɖ ŭŮŭɞɛɏɜɤɜ 2.5ȹ ŭɘŬůŰɎůŮɤɜ ɔŮɔɞɜɧɠ ˊɞɡ ŭŮɜ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɚɐɟɖ ɡɣɞɛŮŰɟɘəɐ əŬŰŬɔɟŬűɐ Űɖɠ ˊŮɟɘɞɢɐɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŰŬ əŰɑůɛŬŰŬ, ɗŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɛɧɜɞ Ŭˊɧ Űɘɠ ɞɟɞűɏɠ əŬɘ 

ɧɢɘ əŬɘ Ŭˊɧ Űɘɠ ˊɟɞůɧɣŮɘɠ Űɞɡɠ. ɋůŰɧůɞ, ɚɧɔɤ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɖɠ ɚɐɣɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ LIDAR 

əɎˊɞɘŮɠ ˊɟɞůɧɣŮɘɠ ɛˊɞɟŮɑ ɜŬ əŬŰŬɔɟŬűɞɨɜ ɛŮɟɘəɩɠ.  

ȼ ˊɟɧůɗŮŰɖ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ŬˊɞɗɖəŮɨŮŰŬɘ ɔɘŬ əɎɗŮ ůɖɛŮɑɞ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ɢɟɧɜɞ əŬŰŬɔɟŬűɐɠ 

Űɞɡ, Űɖɜ Űɘɛɐ Űɖɠ ɏɜŰŬůɖɠ (intensity) ɐ Ŭɚɚɘɩɠ Űɖɜ ˊɞůɧŰɖŰŬ Űɖɠ ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜɖɠ 
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ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ ˊŬɚɛɞɨ əŬɘ Űɘɠ ˊɞɚɚŬˊɚɏɠ ŮˊɘůŰɟɞűɏɠ ŬɜɎ ŮəˊŮɛˊɧɛŮɜɞ ˊŬɚɛɧ (multiple 

returns). ȼ Űɘɛɐ Űɖɠ ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɖɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, Űɞ Ůɑŭɞɠ Űɞɡ ɡɚɘəɞɨ ůŰɞ ɞˊɞɑɞ ˊɟɞůˊɑˊŰŮɘ ɞ ˊŬɚɛɧɠ, ɧˊɤɠ əŬɘ 

Ŭˊɧ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ ŮɝɤŰŮɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ (ɗŮɟɛɞəɟŬůɑŬ, ɖɚɘɞűɎɜŮɘŬ, 

əŬŰɎůŰŬůɖ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ə.Ɏ.). ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ˊɤɠ ɖ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ 

ŬɜŰɘəŮɑɛŮɜŬ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ, ɛŮŰŬɓɎɚɚŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ůŬɟɩůŮɤɜ. ɇŬ ůɨɔɢɟɞɜŬ ůɡůŰɐɛŬŰŬ ɏɢɞɡɜ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əŬŰŬɔɟɎűɞɡɜ ɛɘŬ Űɘɛɐ ɏɜŰŬůɖɠ ɔɘŬ əɎɗŮ ŮˊɘůŰɟŮűɧɛŮɜɞ ˊŬɚɛɧ, ɖ ɞˊɞɑŬ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, Űɞ ɞˊɞɑɞ ˊɟɞəɎɚŮůŮ Űɖɜ ɞˊɘůɗɞůəɏŭŬůɖ 

Űɞɡ ˊŬɚɛɞɨ. ɇŬ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɐ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ŮɑɜŬɘ ɞɘ 

ŬůűŬɚŰɞůŰɟɤɛɏɜɞɘ ŭɟɧɛɞɘ, Űɞ ɜŮɟɧ ə.Ɏ., Ůɜɩ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ 

ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ŮɑɜŬɘ ɞɘ ŮˊɘűɎɜŮɘŮɠ ɖɚɘŬəɩɜ ůɡɚɚŮəŰɩɜ, ɞɘ ɛŮŰŬɚɚɘəɏɠ ɞɟɞűɏɠ, Űɞ ɢɘɧɜɘ ə.Ɏ. Ƀɘ 

Űɘɛɏɠ intensity ɛˊɞɟɞɨɜ ɜŬ ɞˊŰɘəɞˊɞɘɖɗɞɨɜ ɓɎůŮɘ ɛɑŬɠ ŬůˊɟɧɛŬɡɟɖɠ (grayscale) ɢɟɤɛŬŰɘəɐɠ 

ˊŬɚɏŰŬɠ 8-bit (0-255) Ůˊɑ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ. ȹŮŭɞɛɏɜɖɠ Űɖɠ ɡɣɖɚɐɠ ˊɡəɜɧŰɖŰŬɠ Űɤɜ ůɖɛŮɑɤɜ 

əŬɘ Űɖɠ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐɠ Űɞɡɠ ŬəɟɑɓŮɘŬɠ, ɛˊɞɟŮɑ ɜŬ ŮɝŬɢɗŮɑ ɛɑŬ ɔŮɤŬɜŬűŮɟɛɏɜɖ Ŭɚɖɗɐɠ 

ɞɟɗɞŮɘəɧɜŬ ůŮ ɣɖűɘŭɤŰɐ ɛɞɟűɐ (rasterization). 

ȿɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɞɡ űɡůɘəɞɨ əɧůɛɞɡ, ŰɛɐɛŬŰŬ Ůɜɧɠ ˊŬɚɛɞɨ Ŭˊɧ Űɞ ůɨůŰɖɛŬ ˊɟɞɠ Űɞ 

ɏŭŬűɞɠ ɛˊɞɟɞɨɜ ɜŬ ɞˊɘůɗɞůəŮŭŬůŰɞɨɜ Ŭˊɧ ŭɘɎűɞɟŬ ɡˊɏɟɔŮɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ (ŭɏɜŰɟŬ, 

əŬŰŬůəŮɡɏɠ ə.Ɏ.). ɇɞ ɡˊɧɚɞɘˊɞ Űɞɡ ˊŬɚɛɞɨ, Ůűɧůɞɜ ŮɑɜŬɘ ŮɜŮɟɔŮɘŬəɎ ŮˊŬɟəɏɠ, ŭɨɜŬŰŬɘ ɜŬ 

ɞˊɘůɗɞůəŮŭŬůŰŮɑ Ŭˊɧ ɎɚɚŬ ŰɛɐɛŬŰŬ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬɡŰɩɜ ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ůŮ 

ɢŬɛɖɚɧŰŮɟɞ ɡɣɧɛŮŰɟɞ Ůˊɑ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɖ ŬəŰɑɜŬ [23]. ɇŬ ůɡůŰɐɛŬŰŬ LȽDAR 

ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əŬŰŬɔɟɎűɞɡɜ ˊɞɚɚŬˊɚɏɠ ŮˊɘůŰɟɞűɏɠ (3 ɏɤɠ 5) ŬɜɎ ŮəˊŮɛˊɧɛŮɜɞ ˊŬɚɛɧ, 

ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŬɜŰɘəŮɑɛŮɜŬ ŭɘŬűɞɟŮŰɘəɞɨ ɡɣɞɛɏŰɟɞɡ. ȼ űɡůɘəɐ ůɖɛŬůɑŬ Űɤɜ 

ˊɞɚɚŬˊɚɩɜ ŮˊɘůŰɟɞűɩɜ ŮɑɜŬɘ ɧŰɘ, ůɡɜɐɗɤɠ, ɞɘ ˊɟɩŰŮɠ əŬɘ ɞɘ ŰŮɚŮɡŰŬɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ 

əŰɑůɛŬŰŬ, ůŮ əɎˊɞɘŮɠ ɣɖɚɏɠ əɞɟɡűɏɠ ŭɏɜŰɟɤɜ əŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, Ůɜɩ ɞɘ ŮɜŭɘɎɛŮůŮɠ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖ ɓɚɎůŰɖůɖ. Ƀ ůɡɜŭɡŬůɛɧɠ ŬɡŰɐɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɛŬɕɑ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ laser ɜŬ ŭɘŮɘůŭɨŮɘ ůŰŬ űɡɚɚɩɛŬŰŬ Űɤɜ ŭɏɜŰɟɤɜ ˊɟɞůűɏɟŮɘ ůɖɛŬɜŰɘəɎ ɞűɏɚɖ ůŮ 

ŬɟəŮŰɏɠ ŮűŬɟɛɞɔɏɠ ŬɜɑɢɜŮɡůɖɠ ɓɚɎůŰɖůɖɠ əŬɘ ůŰɞɜ ́ ɟɞůŭɘɞɟɘůɛɧ Űɞɡ Ůɑŭɞɡɠ Űɖɠ [40]. ŪŬ ˊɟɏˊŮɘ 

ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ˊŬɟŬˊɎɜɤ ŬɜŰɘůŰɞɑɢɘůɖ ŭŮɜ ŮˊŬɚɖɗŮɨŮŰŬɘ ˊɎɜŰŬ ůŰɖ ˊɟɎɝɖ (ˊ.ɢ. ɞɘ ˊɟɩŰŮɠ 

ŮˊɘůŰɟɞűɏɠ ɜŬ ɡˊɞŭŮɘəɜɨɞɡɜ ůɖɛŮɑŬ ŮŭɎűɞɡɠ) əŬɘ ɔɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ ŬˊŬɘŰŮɑŰŬɘ ˊɟɧůɗŮŰɖ 

ŮˊŮɝŮɟɔŬůɑŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. Ƀɘ ˊɞɚɚŬˊɚɏɠ ŮˊɘůŰɟɞűɏɠ 

ŬɝɘɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɣɖűɘŬəɞɨ ɛɞɜŰɏɚɞɡ ŮˊɘűŬɜŮɑŬɠ (Digital Surface 

Model-DSM) əŬɘ Űɞɡ ɣɖűɘŬəɞɨ ɛɞɜŰɏɚɞɡ ŮŭɎűɞɡɠ (Digital Terrain Model-DɇM) Űɖɠ ˊŮɟɘɞɢɐɠ 

ɛŮɚɏŰɖɠ ŬɚɚɎ əŬɘ ůŮ ɗɏɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ [24]. ɆŰɖɜ ȺɘəɧɜŬ 2.4 ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ɜɏűɞɠ ůɖɛŮɑɤɜ 

Ŭˊɧ LIDAR ɛɘŬɠ ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ [41] ɢɟɤɛŬŰɘůɛɏɜɞ ɓɎůŮɘ Űɖɠ Űɘɛɐɠ Űɞɡ ɡɣɞɛɏŰɟɞɡ Űɞɡ əɎɗŮ 

ůɖɛŮɑɞɡ, Űɖɠ Űɘɛɐɠ intensity əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ ŮˊɘůŰɟɞűɩɜ.  
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ȺɘəɧɜŬ 2.4: 3ȹ ŬɜŬəŬŰŬůəŮɡɐ ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ Ŭˊɧ ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR. Ʉɖɔɐ: [41] 

ɇŬ ˊŬɟŬˊɎɜɤ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɗɘůŰɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ LIDAR əŬŰɎɚɚɖɚŬ ɔɘŬ ˊɚɖɗɩɟŬ 

ŮűŬɟɛɞɔɩɜ ůŰɖɜ ŬɟɢŬɘɞɚɞɔɑŬ [42-44], ůŰɖ ɔŮɤɛɞɟűɞɚɞɔɑŬ [45-47], ůŰɖɜ ŬɜɑɢɜŮɡůɖ ɓɚɎůŰɖůɖɠ 

[40, 48-49], ůŰɖ ŭɖɛɘɞɡɟɔɑŬ DTMs [50-51], ůŰɞɜ ŮɜŰɞˊɘůɛɧ ɛŮŰŬɓɞɚɩɜ [52-53], ůŰɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ əɟɑůɘɛɤɜ ɡˊɞŭɞɛɩɜ [54], ůŰɖɜ 3ȹ Ŭˊɧŭɞůɖ ŭɘŬɜɡůɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ 

ŮɘəɧɜŬ intensity (Lidargrammetry) [55], ůŰɖɜ 3ȹ ɛɞɜŰŮɚɞˊɞɑɖůɖ ˊɧɚŮɤɜ [56-57] ə.Ɏ. ɇɏɚɞɠ, ŭŮɜ 

ɗŬ ɛˊɞɟɞɨůŮ əŬɜŮɑɠ ɜŬ ˊŬɟŬɚŮɑɣŮɘ əŬɘ Űɖɜ ŬɜŬŭɡɧɛŮɜɖ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ 

LIDAR ˊɞɡ ŮɜůɤɛŬŰɩɜɞɡɜ ˊɞɚɡűŬůɛŬŰɘəɐ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ ŮűŬɟɛɞɔɏɠ ɢɟɐůŮɤɜ ɔɖɠ (land cover) 

[58-60].  

2.3 Ɂɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM  

ũɘŬ ɛɑŬ ůɖɛŬɜŰɘəɐ ˊŮɟɑɞŭɞ ɖ ŬˊɧəŰɖůɖ Ůɜɧɠ DSM ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɛɑŬɠ ˊŮɟɘɞɢɐɠ ɐ Ůɜɧɠ 

ŬɜŰɘəŮɘɛɏɜɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɓŬůɘɕɧŰŬɜ əɡɟɑɤɠ ůŰɖ ɢɟɐůɖ ůɡůŰɖɛɎŰɤɜ laser (LIDAR) ɐ ŮˊɑɔŮɘɤɜ 

ůŬɟɤŰɩɜ ɐ ůŰɖ ɢɟɐůɖ ɣɖűɘŬəɩɜ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ ůŰŬɗɛɩɜ ɛɏůɤ ůŰŮɟŮɞůəɞˊɘəɐɠ Ŭˊɧŭɞůɖɠ. 

ɇɞ ɡɣɖɚɧ əɧůŰɞɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ LIDAR əŬɘ ɞɘ ɢɟɞɜɞɓɧɟŮɠ ŭɘŬŭɘəŬůɑŮɠ ůŰɞɡɠ ɣɖűɘŬəɞɨɠ 

űɤŰɞɔɟŬɛɛŮŰɟɘəɞɨɠ ůŰŬɗɛɞɨɠ, ˊɞɡ ŬˊŬɘŰɞɨůŬɜ Űɖɜ Ŭˊɧŭɞůɖ Ŭˊɧ ɢŮɘɟɘůŰɐ ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ 

ɔɟŬɛɛɩɜ ŬɚɚŬɔɐɠ əɚɑůɖɠ (breaklines), ɩɗɖůŮ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ůŰɖ ŭɘŮɟŮɨɜɖůɖ əŬɘ 

ɡɘɞɗɏŰɖůɖ ŮɜŬɚɚŬəŰɘəɩɜ ɛŮɗɧŭɤɜ əŬɘ Ŭɚɔɞɟɑɗɛɤɜ, ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŮɠ ɚɨůŮɘɠ, 

ɧˊɤɠ ɖ ŮɝŬɔɤɔɐ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɞɡ ɓɎɗɞɡɠ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ ŭɘŬŭɘəŬůɑŮɠ ˊɡəɜɐɠ ůɡɜŰŬɨŰɘůɖɠ 

Ůɘəɧɜɤɜ (Dense Image Matching-DIM). ȳˊɤɠ ŬˊɞŭŮɑɢɗɖəŮ ůŰɖɜ ˊɟɎɝɖ Ŭˊɧ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ, 

ůɡɔəɟɑůŮɘɠ əŬɘ ŬɝɘɞɚɞɔɐůŮɘɠ [61-65], ɖ ŭɘŬŭɘəŬůɑŬ DIM ɝŮˊɏɟŬůŮ Űɘɠ ˊɟɞůŭɞəɑŮɠ Ŭˊɧ Űɖ ɢɟɐůɖ 

Ɏɚɚɤɜ ɛŮɗɞŭɞɚɞɔɘɩɜ ŮɨɟŮůɖɠ ůɖɛŮɑɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɐ ˊɟɧůűɞɟɤɜ ůɖɛŮɑɤɜ (Feature based) 

[66-68], ɧˊɤɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ SURF [69] əŬɘ Harris-Stephens [70]. ȰŰůɘ, ŬˊɞŰŮɚŮɑ ɛɑŬ 

ŭɘŬŭɘəŬůɑŬ ˊɡəɜɐɠ ůɡɚɚɞɔɐɠ DSM ɛɑŬɠ ˊŮɟɘɞɢɐɠ ɐ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ ůɡɜŮɢɩɠ ɓŮɚŰɘɞɨɛŮɜŮɠ 

ˊɟɞɞˊŰɘəɏɠ ɔɘŬ ŮˊɑŰŮɡɝɖ ɛŮɔŬɚɨŰŮɟɤɜ ŬəɟɘɓŮɘɩɜ. ɇɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ DIM 

ŮɑɜŬɘ ɏɜŬ 3ȹ ɜɏűɞɠ ůɖɛŮɑɤɜ ɢɟɤɛŬŰɘůɛɏɜɞ Ŭˊɧ Űɘɠ ŮɘəɧɜŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ Ůɝɐɢɗɖ. ɆŰɖɜ ȺɘəɧɜŬ 
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2.5 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ ˊɞɡ Ůɝɐɢɗɖ Ŭˊɧ 

CIR ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ŮɜŬɏɟɘŮɠ ŮɘəɧɜŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ. 

ũɘŬ Űɖɜ ˊɚɐɟɖ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ɐ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ŬˊŬɘŰɞɨɜŰŬɘ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŭɨɞ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ŮɘəɧɜŮɠ (Multi  View Stereo-MVS) [71-74]. ɆŰɘɠ ŮɜŬɏɟɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɐ ɖ ˊɚɖɟɞűɞɟɑŬ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɚɖűɗŮɑ əŬɘ Ŭˊɧ ɎɚɚŮɠ ˊɖɔɏɠ ɧˊɤɠ 

ˊŬɟɎŭŮɘɔɛŬ Ŭˊɧ ˊɚɎɔɘŮɠ ŮɘəɧɜŮɠ [75-78]. ɋůŰɧůɞ ɔɘŬ Űɖɜ ɞɟɗɐ ɢɟɐůɖ Űɤɜ ˊɚɎɔɘɤɜ Ůɘəɧɜɤɜ 

ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ŮűŬɟɛɞɔɐ ŭŮůɛŮɨůŮɤɜ, ɧˊɤɠ ɢɟɐůɖ Ůɘəɧɜɤɜ ɧɛɞɘŬɠ əŬŰŮɨɗɡɜůɖɠ (look 

direction), ɛŮɔɎɚɤɜ ŮˊɘəŬɚɨɣŮɤɜ (ˊ.ɢ. 80%) əŬɘ ɔɟɎűɤɜ ŬˊŮɘəɧɜɘůɖɠ (graphs) Űɤɜ ůɡɜŭŮŭŮɛɏɜɤɜ 

ɛˊɚɞə Ůɘəɧɜɤɜ [79] [80]. Ƀɘ Űɡˊɘəɏɠ ŬŮɟɞűɤŰɞɔɟŬűɐůŮɘɠ ɔɑɜɞɜŰŬɘ ɛŮ əŬŰŬəɧɟɡűŮɠ 

ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ŮɘəɧɜŮɠ əŬɘ ɧɢɘ ˊɚɎɔɘŮɠ.  

 

ȺɘəɧɜŬ 2.5: 3ȹ ŬɜŬəŬŰŬůəŮɡɐ ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ Ŭˊɧ ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM ˊɞɡ Ůɝɐɢɗɖ Ŭˊɧ CIR ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ 

ŮɜŬɏɟɘŮɠ ŮɘəɧɜŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ. Ʉɖɔɐ: [81] 

2.3.1 ȹɘŬŭɘəŬůɑŬ DIM  

Ƀ əɎɗŮ Ŭɚɔɧɟɘɗɛɞɠ DIM əŬɚŮɑŰŬɘ ɜŬ ŮˊɘɚɨůŮɘ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŬɡŰɧɛŬŰɖɠ ɣɖűɘŬəɐɠ ůɡɜŰŬɨŰɘůɖɠ 

(stereo correspondences problem [82]) ɛŮŰŬɝɨ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ Ůɘəɧɜɤɜ. 

ɀŮ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɓɟɑůəɞɜŰŬɘ ŬɡŰɧɛŬŰŬ ɞɘ ɞɛɞɚɞɔɑŮɠ (ŭɖɚŬŭɐ ɞɘ ˊɟɞɓɞɚɏɠ Űɞɡ ɑŭɘɞɡ ůɖɛŮɑɞɡ 

ůŮ ɧɚŮɠ Űɘɠ ŮɘəɧɜŮɠ) ɔɘŬ ɧɚŮɠ Űɘɠ ŮɘəɞɜɞɣɖűɑŭŮɠ (pixels) Űɖɠ əɎɗŮ ŮɘəɧɜŬɠ. ȼ ŮɨɟŮůɖ Űɤɜ 

ɞɛɞɚɞɔɘɩɜ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ (disparity) əŬɘ, Ůɜ 

ůɡɜɏɢŮɘŬ, ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɞɡ ɓɎɗɞɡɠ [83]. ȷˊɧ Űɞɜ ɢɎɟŰɖ Űɖɠ ɣɖűɘŬəɐɠ x-

ˊŬɟɎɚɚŬɝɖɠ, əŬɘ ɛŮ ŭŮŭɞɛɏɜɖ Űɖɜ Ůˊɘˊɞɚɘəɐ ɔŮɤɛŮŰɟɑŬ Űɤɜ Ůɘəɧɜɤɜ əŬɘ Űɞɜ ŮůɤŰŮɟɘəɧ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɞɡɠ, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɖ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ɛŮ Űɖ ɛɞɟűɐ 3ȹ 

ɜɏűɞɡɠ ůɖɛŮɑɤɜ. Ƀ ɢɎɟŰɖɠ Űɖɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ 

ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ŮɘəɧɜŮɠ, Űɖɜ ŮɘəɧɜŬ ŬɜŬűɞɟɎɠ (master image) əŬɘ Űɖɜ ŮɘəɧɜŬ ŬɜŬɕɐŰɖůɖɠ (slave 

image).  

ũɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ DIM, əɎˊɞɘŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ŮəŰŮɚɞɨɜ ɛɘŬ 

ˊɟɞ-ŮɟɔŬůɑŬ ůŰɘɠ ŮɘəɧɜŮɠ, ɧˊɤɠ Űɖɜ ŮűŬɟɛɞɔɐ űɑɚŰɟɤɜ Laplacian of Gaussian (LoG), Bilaterial 

filtering, sobel əŬɘ mean filter [62] [84]. Ⱥˊɑůɖɠ, ɖ Ůˊɘɓɞɚɐ ŭŮůɛŮɨůŮɤɜ ɓɞɖɗɎ ůŰɖɜ ŮˊɑŰŮɡɝɖ 

ŬəɟɘɓɏůŰŮɟɤɜ əŬɘ ˊɘɞ ŬɝɘɧˊɘůŰɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. Ƀɘ ŭŮůɛŮɨůŮɘɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ŭɘŬűɏɟɞɡɜ 

ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ DIM ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ. ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ 
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ŭŮůɛŮɨůŮɘɠ Űɖɠ Ŭɛűɑŭɟɞɛɖɠ ůɡɛɓŬŰɧŰɖŰŬɠ (left-right consistency constraint), Űɖɠ ŮɝɞɛɎɚɡɜůɖɠ 

(smoothness constraint) əŬɘ Űɖɠ ɞɛɞɘɧŰɖŰŬɠ (similarity constraint) [85] [86]. ɋůŰɧůɞ, əɎˊɞɘŮɠ Ŭˊɧ 

ŬɡŰɏɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ŭɏůɛŮɡůɖ Űɖɠ Ůˊɘˊɞɚɘəɐɠ ɔŮɤɛŮŰɟɑŬɠ, ŮˊɘɓɎɚɚŮŰŬɘ ůŮ ɧɚɞɡɠ Űɞɡɠ 

Ŭɚɔɧɟɘɗɛɞɡɠ ůɡɜŰŬɨŰɘůɖɠ əŬɗɩɠ ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɞɜ ɢɟɧɜɞ ŬɜŬɕɐŰɖůɖɠ ɞɛɞɚɞɔɘɩɜ [87] [88]. 

ũɘŬ Űɖɜ ɞɟɗɐ Ůˊɘˊɞɚɘəɐ ŮˊŬɜŬůɨůŰŬůɖ Űɤɜ Ůɘəɧɜɤɜ ůŰɞ ůɨůŰɖɛŬ Űɖɠ ɓɎůɖɠ ɚɐɣɖɠ ŬˊŬɘŰŮɑŰŬɘ ɞ 

Ŭəɟɘɓɐɠ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ŮůɤŰŮɟɘəɞɨ əŬɘ ŮɝɤŰŮɟɘəɞɨ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɤɜ 

Ůɘəɧɜɤɜ.  

ɆŰŬ [61] [89] ˊŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ 4 ɓŬůɘəɎ ůŰɎŭɘŬ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ůŮ ɛɘŬ ŭɘŬŭɘəŬůɑŬ DIM: 

1. Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ əɧůŰɞɡɠ ůɡɜŰŬɨŰɘůɖɠ (match cost computation) 

2. ɉɤɟɘəɐ ůɡůůɤɛɎŰɤůɖ əɞůŰɩɜ ůɡɜŰŬɨŰɘůɖɠ (spatial aggregation of match costs) 

3. Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ (disparity computation) 

4. ȸŮɚŰɑɤůɖ Űɞɡ ɢɎɟŰɖ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ (disparity map refinement) 

ɇɞ ˊɟɩŰɞ ůŰɎŭɘɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ ůɡɜŰŬɨŰɘůɖɠ (match cost) Űɞ ɞˊɞɑɞ 

ɡɞ́ɚɞɔɑɕŮɘ ɏɜŬ ɛɏŰɟɞ ɞɛɞɘɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɖɠ əɎɗŮ ŮɘəɞɜɞɣɖűɑŭŬɠ ůŰɖɜ ŮɘəɧɜŬ ŬɜŬűɞɟɎɠ ɛŮ Űɖɜ 

əɎɗŮ ˊɘɗŬɜɐ ɞɛɧɚɞɔɐ Űɖɠ ůŰɖɜ ŮɘəɧɜŬ ɐ ůŰɘɠ ŮɘəɧɜŮɠ ŬɜŬɕɐŰɖůɖɠ (ȺɘəɧɜŬ 2.6). ũɘŬ Űɞɜ ůəɞˊɧ 

ŬɡŰɧ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɘŬ ŭɞɛɐ ŭŮŭɞɛɏɜɤɜ, ɖ ɞˊɞɑŬ əŬɚŮɑŰŬɘ çŮɘəɧɜŬ Űɞɡ ɢɩɟɞɡ Űɤɜ ɣɖűɘŬəɩɜ 

ˊŬɟŬɚɚɎɝŮɤɜè (Disparity Space Image-DSI) əŬɘ ŬɜŬˊŬɟɘůŰɎ Űɖ ůɡɜɎɟŰɖůɖ ůɡɜŰŬɨŰɘůɖɠ [90] 

[91]. ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŬɟəŮŰɏɠ ŮɨɟɤůŰŮɠ ɛɏɗɞŭɞɘ əɧůŰɞɡɠ ůɡɜŰŬɨŰɘůɖɠ 

ɧˊɤɠ ɞɘ Ŭɧ́ɚɡŰŮɠ ŭɘŬűɞɟɏɠ (Absolute Differences-AD) əŬɘ ɞɘ ŰŮŰɟŬɔɤɜɘəɏɠ ŭɘŬűɞɟɏɠ (Squared 

Differences-SD), ɖ ɛɏɗɞŭɞɠ Birchfield & Tomasi (BT), ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ (Normalized 

Cross Correlation-NCC), ɖ ŬɛɞɘɓŬɑŬ ˊɚɖɟɞűɞɟɑŬ (Mutual Information-ɀȽ) ə.Ɏ. [61-62, 92-96]. 

ȺɜŭɘŬűɏɟɞɜ ɏɢɞɡɜ əŬɘ ɞɘ ˊɘɞ ŮɝŮɚɘɔɛɏɜŮɠ ŰŮɢɜɘəɏɠ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ɢɟɐůɖ ɓŬɗɘɎɠ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ůɡɜŰŬɨŰɘůɖɠ (deep matching) [97] ɛŮ Űɖ ɢɟɐůɖ CNNs [98-100].  

ɆŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ ɔɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ ˊɤɠ ɞɘ ɔŮɘŰɞɜɘəɏɠ ŮɘəɞɜɞɣɖűɑŭŮɠ ɛɑŬɠ ˊŮɟɘɞɢɐɠ 

ɡˊɞůŰɐɟɘɝɖɠ (ɣɖűɘŬəɧ ˊŬɟɎɗɡɟɞ) ůŰɖɜ ŮɘəɧɜŬ ŬɜŬűɞɟɎɠ, ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ɣɖűɘŬəɐ ɢ-

ˊŬɟɎɚɚŬɝɖ ɛŮ Űɖɜ əŮɜŰɟɘəɐ ŮɘəɞɜɞɣɖűɑŭŬ. ȸɎůŮɘ ŬɡŰɐɠ Űɖɠ ɡˊɧɗŮůɖɠ ŰŬ əɧůŰɖ ůɡɜŰŬɨŰɘůɖɠ Űɤɜ 

Ůɘəɞɜɞɣɖűɑŭɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ɡˊɞůŰɐɟɘɝɖɠ əŬɘ Űɞ əɧůŰɞɠ ůɡɜŰŬɨŰɘůɖɠ Űɖɠ 

əŮɜŰɟɘəɐɠ ŮɘəɞɜɞɣɖűɑŭŬɠ ůɡɜŬɗɟɞɑɕɞɜŰŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ, ůŰɞ Űɏɚɞɠ, ɏɜŬ ůɡůůɤɛŬŰɤɛɏɜɞ əɧůŰɞɠ 

ůɡɜŰŬɨŰɘůɖɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ɞɟɘůɛɧ Ůɜɧɠ ˊɟɧŰɡˊɞɡ ˊŬɟŬɗɨɟɞɡ ŬɜŬűɞɟɎɠ 

ɛŮ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ŭɘŬůŰɎůŮɘɠ ɔɘŬ Űɞ ɞˊɞɑɞ ŮˊɘɢŮɘɟŮɑŰŬɘ ɖ ŬɜŰɘůŰɞɑɢɖůɐ Űɞɡ ɛŮ ɏɜŬ ˊŬɟɎɗɡɟɞ 

ůɨɔəɟɘůɖɠ ůŮ ɛɑŬ ˊŮɟɘɞɢɐ ŬɜŬɕɐŰɖůɖɠ ůŰɘɠ ŮɘəɧɜŮɠ ŬɜŬɕɐŰɖůɖɠ. Ƀɘ ůɡɜɐɗŮɘɠ ˊŬɟŬɚɚŬɔɏɠ ŬɡŰɐɠ 

Űɖɠ ŰŮɢɜɘəɐɠ ŮɑɜŬɘ ɖ ɢɟɐůɖ ŰŮŰɟŬɔɤɜɘəɩɜ ɐ ɞɟɗɞɔɤɜɘəɩɜ ˊŮɟɘɞɢɩɜ ɡˊɞůŰɐɟɘɝɖɠ ŬɚɚɎ əŬɘ 

ˊɟɞůŬɟɛɞůŰɘəɩɜ (adaptive) ɛŮ ˊɟɧůɗŮŰɖ ɢɟɐůɖ ɓŬɟɩɜ (weights) [101-103].  
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ȺɘəɧɜŬ 2.6: Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ əɧůŰɞɡɠ ůɡɜŰŬɨŰɘůɖɠ ůŰɞɜ ɢɩɟɞ ɛɏůɤ ˊɞɚɡŮɘəɞɜɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ. Ʉɖɔɏɠ: [91] 

[104]  

ɆŰɞ ŰɟɑŰɞ ůŰɎŭɘɞ ɔɑɜŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɢɎɟŰɖ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ. Ƀɘ ɛɏɗɞŭɞɘ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŰɘɠ çŰɞˊɘəɏɠè 

(local), ůŰɘɠ çůɨɜɞɚŮɠè (global) əŬɘ ůŰɘɠ çɡˊɞ-ůɨɜɞɚŮɠè (semi-global). Ƀɘ Űɞˊɘəɏɠ ɛɏɗɞŭɞɘ ŭɑɜɞɡɜ 

ˊŮɟɘůůɧŰŮɟɖ ɏɛűŬůɖ ůŰɖ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɡůůɤɛŬŰɤɛɏɜɞɡ əɧůŰɞɡɠ ůɡɜŰŬɨŰɘůɖɠ. 

ũɘŬ ɜŬ ŮɑɜŬɘ ŬɝɘɧˊɘůŰɞɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡůůɤɛŬŰɤɛɏɜɞɡ əɧůŰɞɡɠ ůɡɜŰŬɨŰɘůɖɠ, ˊɟɏˊŮɘ ɞɘ 

ŭɘŬůŰɎůŮɘɠ Űɞɡ ɣɖűɘŬəɞɨ ˊŬɟŬɗɨɟɞɡ ɜŬ ŮɑɜŬɘ Űɧůɞ ɛŮɔɎɚŮɠ, ɩůŰŮ ɜŬ ˊŮɟɘɏɢŮŰŬɘ ɧɚɖ ɖ 

ŬˊŬɟŬɑŰɖŰɖ ˊɚɖɟɞűɞɟɑŬ (ɟŬŭɘɞɛŮŰɟɘəɏɠ Űɘɛɏɠ) əŬɘ ɜŬ ɛŮɘɩɜŮŰŬɘ ˊŬɟɎɚɚɖɚŬ ɖ ˊɘɗŬɜɧŰɖŰŬ 

ŮůűŬɚɛɏɜɤɜ ůɡɜŰŬɡŰɑůŮɤɜ. Ɇɡɔɢɟɧɜɤɠ, ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ Űɧůɞ ɛɘəɟɏɠ, ɩůŰŮ ɜŬ 

ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ ɛɏůŬ ůŰɞ ɣɖűɘŬəɧ ˊŬɟɎɗɡɟɞ. ȼ ˊɟɩŰɖ 

ˊŮɟɑˊŰɤůɖ ŬűɞɟɎ əɡɟɑɤɠ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɛŮ Ůɚɚɘˊɐ ɡűɐ Ůɜɩ ɖ ŭŮɨŰŮɟɖ ŬűɞɟɎ ˊŮɟɘůůɧŰŮɟɞ 

əŮəɚɘɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ ɐ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ əɞɜŰɎ ůŰŬ ɧɟɘŬ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȼ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ 

ŰŮɢɜɘəɐ ůŰɘɠ Űɞˊɘəɏɠ ɛŮɗɧŭɞɡɠ ŮɑɜŬɘ ɐ Winner Takes All  (WTA) ɧˊɞɡ ɖ Űɘɛɐ Űɖɠ ɣɖűɘŬəɐɠ x-

ˊŬɟɎɚɚŬɝɖɠ ˊɞɡ ŰŮɚɘəɎ ŮˊɘɚɏɔŮŰŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ŮɚɎɢɘůŰɞ ůɡůůɤɛŬŰɤɛɏɜɞ əɧůŰɞɠ 

ůɡɜŰŬɨŰɘůɖɠ [61] [105]. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɝŬɟŰɎŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɘɠ 

ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɡˊɞůŰɐɟɘɝɖɠ [62], ɖ ŰŮɢɜɘəɐ ŬɡŰɐ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŰɘɠ Űɞˊɘəɏɠ ɛŮɗɧŭɞɡɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ [68] [106]. Ƀɘ 

ůɨɜɞɚŮɠ ɛɏɗɞŭɞɘ ŭŮɜ ŭɑɜɞɡɜ ɏɛűŬůɖ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɡůůɤɛɎŰɤůɖɠ Űɞɡ əɧůŰɞɡɠ ůɡɜŰŬɨŰɘůɖɠ  

ŬɚɚɎ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ əɎˊɞɘɞɡ Ůɑŭɞɡɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ ůŮ ɛɘŬ 

ůɡɜɎɟŰɖůɖ ŮɜɏɟɔŮɘŬɠ (energy function) ɞɟɘɕɧɛŮɜɖ ɔɘŬ ɧɚŮɠ Űɘɠ ŮɘəɞɜɞɣɖűɑŭŮɠ Űɖɠ ŮɘəɧɜŬɠ 

ŬɜŬűɞɟɎɠ. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɞɨ Űɞɡ ůŰɧɢɞɡ, ŮəŰɧɠ Ŭˊɧ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ 

ůɡɜŰŬɨŰɘůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŬ əŬɘ ŭŮůɛŮɨůŮɘɠ ŮɝɞɛɎɚɡɜůɖɠ (smoothness constraint). 

ũɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ ŮɜɏɟɔŮɘŬɠ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ˊɞɚɚɏɠ ɛɏɗɞŭɞɘ ɧˊɤɠ ɞɘ 
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Markov Random Fields, dynamic programming, graph-cuts, belief propagation, simulated 

annealing ə.Ɏ. [68, 107-110]. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ɞɘ ́ŬɟŬˊɎɜɤ ɛɏɗɞŭɞɘ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ, ɛŮɘɞɜŮəŰɞɨɜ ɤɠ ˊɟɞɠ Űɞɜ ɢɟɧɜɞ ŮűŬɟɛɞɔɐɠ Űɞɡɠ, ɚɧɔɤ Űɞɡ ɡɣɖɚɞɨ 

ɡˊɞɚɞɔɘůŰɘəɞɨ əɧůŰɞɡɠ ɘŭɘŬɑŰŮɟŬ ůŮ ŮɘəɧɜŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ, ŬɚɚɎ əŬɘ ɤɠ ˊɟɞɠ Űɘɠ ɡɣɖɚɏɠ 

ŬˊŬɘŰɐůŮɘɠ ůŰɖ ɛɜɐɛɖ Űɞɡ ůŰŬɗɛɞɨ ŮɟɔŬůɑŬɠ. ȼ ́ɚɏɞɜ ŭɖɛɞűɘɚɐɠ ɡˊɞ-ůɨɜɞɚɖ ɛɏɗɞŭɞɠ, ɖ Semi-

Global Matching-SGM [94, 111-113] əŬŰɎűŮɟŮ ɜŬ ɔŮűɡɟɩůŮɘ Űɘɠ Űɞˊɘəɏɠ əŬɘ ůɨɜɞɚŮɠ ɛŮɗɧŭɞɡɠ 

əŬɘ ɜŬ ́ŮŰɨɢŮɘ ɛɑŬ əŬɚɐ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŬəɟɑɓŮɘŬɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɞɨ əɧůŰɞɡɠ. Ƀɘ ˊŬɟŬɚɚŬɔɏɠ 

Űɖɠ [114] ŬɚɚɎ əŬɘ ɞɘ ŮűŬɟɛɞɔɏɠ Űɖɠ ˊɞɘəɑɚɚɞɡɜ Ŭˊɧ Űɖɜ ŮɝŬɔɤɔɐ DSM Ŭˊɧ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ 

əŬɘ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ɏɤɠ Űɖ ɟɞɛˊɞŰɘəɐ əŬɘ ŰŬ ůɡůŰɐɛŬŰŬ ɡˊɞɓɞɐɗɖůɖɠ [115].  

ɆŰɞ ŰɏŰŬɟŰɞ ůŰɎŭɘɞ ɞ ɢɎɟŰɖɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ ŮˊɘŭɏɢŮŰŬɘ ŭɘɞɟɗɩůŮɘɠ ɔɘŬ Űɖɜ ŬˊŬɚɞɘűɐ 

ɢɞɜŭɟɞŮɘŭɩɜ ŬɜŬɜŰɘůŰɞɘɢɘɩɜ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ˊɚɐɟɤůɖ əŮɜɩɜ (ŬˊɩɚŮɘŬ ˊɚɖɟɞűɞɟɑŬɠ) ˊɞɡ ɏɢɞɡɜ 

ˊɟɞəɨɣŮɘ Ŭˊɧ ŬˊɞəɟɨɣŮɘɠ (occlusions) ə.Ɏ.  Ƀɘ ůɡɜɐɗŮɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ 

[90-91, 116]: 1) ɖ ɡˊɞɣɖűɘŭɘəɐ ˊŬɟŮɛɓɞɚɐ (subpixel interpolation), 2) ɖ ŮűŬɟɛɞɔɐ űɑɚŰɟɤɜ 

ŭɘŬɛɏůɞɡ (median filter) ɐ ɛɏůɖɠ Űɘɛɐɠ (mean filter) ɐ Gauss (Gauss filter), 3) ɞ ɏɚŮɔɢɞɠ 

Ŭɛűɑŭɟɞɛɖɠ ůɡɛɓŬŰɧŰɖŰŬɠ (left-right consistency constraint), 4) ɞ ɏɚŮɔɢɞɠ ŮɛˊɘůŰɞůɨɜɖɠ 

(confidence check), 5) ɖ ŬűŬɑɟŮůɖ Ŭˊɞɛɞɜɤɛɏɜɤɜ ŮůŰɘɩɜ ˊŬɟɎɚɚŬɝɖɠ (invalidation of small 

disparity segments), əŬɘ 6) ɖ ˊɚɐɟɤůɖ əŮɜɩɜ (hole filling).  

ɆŮ ˊŮɘɟŬɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ Ŭɚɔɞɟɑɗɛɤɜ DIM ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Ůɡɟɏɤɠ ŭɘŬŰɘɗɏɛŮɜŬ ŭŮŭɞɛɏɜŬ 

ŬɜŬűɞɟɎɠ (benchmark datasets) [117], ɖ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ŰŮɚɘəɞɨ ɢɎɟŰɖ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ 

ŭɨɜŬŰŬɘ ɜŬ ɔɑɜŮɘ ɛŮ ŰɟŮɘɠ Űɟɧˊɞɡɠ. Ƀ ˊɟɩŰɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ ɛŮ Űɖɜ əŬŰŬůəŮɡɐ ŮɘəɧɜŬɠ ŭɘŬűɞɟɩɜ 

ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ ɛŮŰŬɝɨ Űɞɡ ɡˊɞɚɞɔɘůɗɏɜŰɞɠ ɢɎɟŰɖ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ əŬɘ Űɞɡ 

Ŭɚɖɗɞɨɠ (ground truth) ŬɚɚɎ əŬɘ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ŭŮɑəŰɖ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ 

ůűɎɚɛŬŰɞɠ (root mean squared-rms). Ƀ ŭŮɨŰŮɟɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ŭŮɑəŰɖ Űɞɡ 

ɞ́ůɞůŰɞɨ Űɤɜ ŮůűŬɚɛɏɜɤɜ ůɡɜŰŬɡŰɘůɗŮɘůɩɜ Ůɘəɞɜɞɣɖűɑŭɤɜ (percentage of bad matching 

pixels). Ƀ ŰɟɑŰɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ ɛŮ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůűŬɚɛɎŰɤɜ ŮůŰɘŬůɛɏɜŬ ůŮ əɟɑůɘɛŮɠ ˊŮɟɘɞɢɏɠ 

Űɖɠ ŮɘəɧɜŬɠ, ɧˊɤɠ Űɘɠ ˊŮɟɘɞɢɏɠ ŬˊɞəɟɨɣŮɤɜ, Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ɢŬɛɖɚɐ ɡűɐ əŬɘ Űɘɠ ˊŮɟɘɞɢɏɠ Űɤɜ 

ŬůɡɜŮɢŮɘɩɜ ɓɎɗɞɡɠ.  

2.3.2 ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Ŭɝɘɞˊɞɑɖůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ DIM  

ɇŬ ŰɡˊɘəɎ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ əŬŰɎ Űɖɜ ŬɡŰɧɛŬŰɖ ŮɨɟŮůɖ ɞɛɞɚɞɔɘɩɜ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ 

ɛŮ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ ŬɚɚɎ əŬɘ ɛŮ Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɞɘ ɟŬŭɘɞɛŮŰɟɘəɏɠ 

Ŭ́ɟŬɛɞɟűɩůŮɘɠ, ɖ ůɨɜɗŮŰɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ə.Ɏ. ȼ ɔŮɤɛŮŰɟɑŬ Űɖɠ ɚɐɣɖɠ Űɤɜ 

Ůɘəɧɜɤɜ ŮɑɜŬɘ ɕɐŰɖɛŬ ɓŬɟɨɜɞɡůŬɠ ůɖɛŬůɑŬɠ, əŬɗɩɠ ŮɛˊɚɏəŮɘ ŬɟəŮŰɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɞɘ ɞˊɞɑɞɘ 

ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ. ɋɠ ɔɜɤůŰɧɜ, Űɞ ˊŮŭɑɞ Űɖɠ 

ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ ŭɑɜŮɘ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɖɠ ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ ɔɘŬ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŭɘŬűɧɟɤɜ ˊɟɞɓɚɖɛɎŰɤɜ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɧ Űɖɠ ŮəŰɟɞˊɐɠ ɚɧɔɤ 
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ŬɜŬɔɚɨűɞɡ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɤɜ ŬˊɞəɟɨɣŮɤɜ. ȳˊɞɡ Űɞ ŬɜɎɔɚɡűɞ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ 

ɛŮŰŬɓɎɚɚŮŰŬɘ ŬˊɧŰɞɛŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮɔŬɚɨŰŮɟŮɠ ˊɟɞɞˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ (ˊɞɡ 

ůɡɜŮˊɎɔɞɜŰŬɘ ŬɚɚŬɔɐ ůɢɐɛŬŰɞɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɛŮŰŬɝɨ Űɤɜ Ůɘəɧɜɤɜ) əŬɘ ŬˊɞəɟɨɣŮɘɠ. ɇɞ 

ˊɟɧɓɚɖɛŬ Űɤɜ ŬˊɞəɟɨɣŮɤɜ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ ŭɘŬŭɘəŬůɑŬ DIM, əŬɗɩɠ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ 

ɛŮ Űɖɜ ŬˊɞɡůɑŬ ˊɚɖɟɞűɞɟɑŬɠ ůŰɘɠ ŮɘəɧɜŮɠ əŬɘ ɎɟŬ ɛŮ Űɖ ɛɖ ŭɡɜŬŰɐ ŮɨɟŮůɖ ɞɛɞɚɞɔɘɩɜ ůŮ ŮəŮɑɜŮɠ 

Űɘɠ ˊŮɟɘɞɢɏɠ. ũɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɐ Űɞɡɠ ŬˊŬɘŰŮɑŰŬɘ ɞ ɓɏɚŰɘůŰɞɠ ůɡɜŭɡŬůɛɧɠ ɛŮŰŬɝɨ Űɞɡ űŬəɞɨ 

Űɖɠ ɛɖɢŬɜɐɠ, Űɖɠ əɚɑɛŬəŬɠ Űɤɜ Ůɘəɧɜɤɜ, Űɖɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ, Űɖɠ ŬˊɧůŰŬůɖɠ 

ɛŮŰŬɝɨ Űɤɜ ɚɤɟɑŭɤɜ ɚɐɣɖɠ, Űɖɠ ɓɎůɖɠ ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ əŬɘ Űɞɡ ɚɧɔɞɡ Űɖɠ ɓɎůɖɠ ɚɐɣɖɠ ˊɟɞɠ 

Űɖɜ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ŬɜŰɘəŮɑɛŮɜɞ.  

ɆŰɘɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɞ ˊɟɧɓɚɖɛŬ Űɤɜ ŬˊɞəɟɨɣŮɤɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɏɜŰɞɜɞ, ɔɘô ŬɡŰɧ ůɡɜɐɗɤɠ 

ˊɟɞŰŮɑɜŮŰŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ əŬŰɎ ˊɚɎŰɞɠ ŮˊɘəɎɚɡɣɖɠ Ŭˊɧ 20% ůŮ 60% ɛŮŰŬɝɨ Űɤɜ Ůɘəɧɜɤɜ ˊŬɟɎ 

Űɞ ˊɟɧůɗŮŰɞ əɧůŰɞɠ ˊɞɡ ŬˊŬɘŰŮɑ ɛɑŬ ŰɏŰɞɘŬ űɤŰɞɔɟɎűɘůɖ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŮɝŬůűŬɚɑɕŮŰŬɘ ɖ 

ɞɟŬŰɧŰɖŰŬ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ɔɟŬɛɛɏɠ ˊŰɐůɖɠ, ŬˊɞűŮɨɔɞɜŰŬɠ Űɖɜ ɨˊŬɟɝɖ 

ˊŮɟɘɞɢɩɜ ɢɤɟɑɠ ˊɚɖɟɞűɞɟɑŬ. ȳůɞɜ ŬűɞɟɎ Űɖɜ əŬŰɎ ɛɐəɞɠ ŮˊɘəɎɚɡɣɖ, ůŰɞ [63] ˊɟɞŰŮɑɜŮŰŬɘ ɖ 

Ŭɨɝɖůɐ Űɖɠ Ŭˊɧ 60%, ˊɞɡ ŮɑɜŬɘ ůŰɘɠ ůɡɜɐɗŮɘɠ űɤŰɞɔɟŬɛɛŮŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ ůŮ 80% ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɞɡ ɑŭɘɞɡ ůŰɧɢɞɡ, ŭɖɚŬŭɐ Űɖɜ ˊɡəɜɐ ůɡɚɚɞɔɐ ˊɚɖɟɞűɞɟɑŬɠ. ɀŮ ŮˊɘəŬɚɨɣŮɘɠ ŬɡŰɐɠ Űɖɠ 

ŰɎɝɖɠ ŬɚɚɎ əŬɘ ɛŮ Űɖ ɢɟɐůɖ ˊɞɚɚɩɜ Ůɘəɧɜɤɜ, ŮɚŬɢɘůŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ɧˊɞɘŮɠ ŬɜŬɜŰɘůŰɞɘɢɑŮɠ 

(mismatches) əŬŰɎ Űɖ ůɡɜŰŬɨŰɘůɖ Űɤɜ Ůɘəɧɜɤɜ əŬɘ ɓŮɚŰɘɩɜŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ. 

ȳɚɖ ɖ ˊŬɟŬˊɎɜɤ ˊɟɞůɏɔɔɘůɖ ŮɝŬůűŬɚɑɕŮɘ Űɖɜ ɞɟŬŰɧŰɖŰŬ Űɤɜ ůɖɛŮɑɤɜ ŬəɧɛŬ əŬɘ ůŮ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŭɨɞ ŮɘəɧɜŮɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ˊɚŮɞɜɎɕɞɡůŮɠ ˊɚɖɟɞűɞɟɑŮɠ. Ⱥˊɑůɖɠ, 

ůɖɛŬɜŰɘəɐ Ůˊɘɟɟɞɐ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ DIM Ŭůəɞɨɜ ɞɘ ŭɘŬűɞɟɏɠ Űɖɠ əɚɑɛŬəŬɠ əŬɘ Űɤɜ 

ůŰɟɞűɩɜ ɛŮŰŬɝɨ Űɤɜ Ůɘəɧɜɤɜ (ŮɘŭɘəɎ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɖɠ ŮˊɑɔŮɘŬɠ ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ). Ƀ 

ŮɜŰɞˊɘůɛɧɠ Űɤɜ ŬˊɞəɟɨɣŮɤɜ ɔɑɜŮŰŬɘ ɛŮ ŭɘɎűɞɟŮɠ ɛŮɗɧŭɞɡɠ ɧˊɤɠ ɛŮ Űɖ ɢɟɐůɖ ŭŮůɛŮɨůŮɤɜ (ˊ.ɢ. 

Űɖ ŭɏůɛŮɡůɖ Ŭɛűɑŭɟɞɛɖɠ ůɡɛɓŬŰɧŰɖŰŬɠ) ɐ ɛŮ Űɞɜ ŮɜŰɞˊɘůɛɧ əŮɜɩɜ ůŰɞɜ ɢɎɟŰɖ ɣɖűɘŬəɐɠ x-

ˊŬɟɎɚɚŬɝɖɠ ə.Ɏ. ȼ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɤɜ ŬˊɞəɟɨɣŮɤɜ ɔɑɜŮŰŬɘ ŮɑŰŮ ɛŮ ˊɟɧůɗŮŰɖ 

űɤŰɞɔɟɎűɘůɖ ɔɘŬ ůɖɛŬɜŰɘəɏɠ ŬˊɞəɟɨɣŮɘɠ (ɚɐɣɖ ˊɟɧůɗŮŰɤɜ ˊɚɎɔɘɤɜ ɐ əŬŰŬəɧɟɡűɤɜ Ůɘəɧɜɤɜ) 

ŮɑŰŮ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ DIM ůŰɞ ůŰɎŭɘɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɔɘŬ ˊŮɟɘˊŰɩůŮɘɠ 

ɛɘəɟɧŰŮɟɤɜ ŬˊɞəɟɨɣŮɤɜ.  

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, ɖ ˊɞɘɧŰɖŰŬ Ůɜɧɠ ɣɖűɘŬəɞɨ ɛɞɜŰɏɚɞɡ ŮˊɘűɎɜŮɘŬɠ, ˊɞɡ ˊŬɟɎɔŮŰŬɘ 

ɛɏůɤ ŭɘŬŭɘəŬůɑŬɠ DIM, ŮɝŬɟŰɎŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ. ȷɡŰɧ 

ůɖɛŬɑɜŮɘ ˊɤɠ əɎɗŮ ůɡɜŭɡŬůɛɧɠ Ůɘəɧɜɤɜ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŭɘŬűɞɟŮŰɘəɐɠ ˊɞɘɧŰɖŰŬɠ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɆŰɞ [63] ɏɔɘɜŮ ŮűŬɟɛɞɔɐ ŭɘŬűɞɟŮŰɘəɩɜ ɔŮɤɛŮŰɟɘəɩɜ ůɡɜŭɡŬůɛɩɜ (configurations) ˊɞɚɚɩɜ 

ŮɜŬɏɟɘɤɜ Ůɘəɧɜɤɜ ˊɞɡ ŮɑɢŬɜ ˊɞɚɚŬˊɚɏɠ ŮˊɘəŬɚɨɣŮɘɠ əŬɘ ŬˊŮɘəɧɜɘɕŬɜ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ȳˊɤɠ 

ŬˊɞŭŮɑɢɗɖəŮ, ɞ ɚɧɔɞɠ Űɖɠ ɓɎůɖɠ ɚɐɣɖɠ ˊɟɞɠ Űɞ ɨɣɞɠ ˊŰɐůɖɠ (base-to-height ratio) ŮˊɖɟŮɎɕŮɘ 

ůɖɛŬɜŰɘəɎ Űɧůɞ Űɖɜ ɡɣɞɛŮŰɟɘəɐ ŬəɟɑɓŮɘŬ Űɤɜ ůɖɛŮɑɤɜ (ůȻ) ɧůɞ əŬɘ Űɞ ˊɞůɞůŰɧ Űɤɜ 

ůɡɜŰŬɡŰɘůɛɏɜɤɜ ůɖɛŮɑɤɜ npoints (ȺɘəɧɜŬ 2.7).  
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 ȺɘəɧɜŬ 2.7: ȺˊɑŭɟŬůɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɔŮɤɛŮŰɟɘəɩɜ ůɡɜŭɡŬůɛɩɜ ŮɜŬɏɟɘɤɜ Ůɘəɧɜɤɜ (configurations) ůŰɖɜ 

ɡɣɞɛŮŰɟɘəɐ ŬəɟɑɓŮɘŬ (ůȻ) Űɤɜ ůɖɛŮɑɤɜ əŬɘ ůŰɞ ˊɞůɞůŰɧ ůɡɜŰŬɨŰɘůɖɠ Űɞɡɠ (npoints). Ʉɖɔɐ: [63] 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɧůɞ ɖ ɓɎůɖ ɚɐɣɖɠ ŬɡɝŬɜɧŰŬɜ ɔɘŬ ŭŮŭɞɛɏɜɞ ɨɣɞɠ ˊŰɐůɖɠ (ŭɖɚŬŭɐ ɧůɞ 

ɛŮɘɤɜɧŰŬɜ Űɞ ˊɞůɞůŰɧ ŮˊɘəɎɚɡɣɖɠ) ɖ ɡɣɞɛŮŰɟɘəɐ ŬəɟɑɓŮɘŬ Űɤɜ ůɖɛŮɑɤɜ ɓŮɚŰɘɤɜɧŰŬɜ Ůɜɩ 

ˊŬɟɎɚɚɖɚŬ Űɞ ˊɞůɞůŰɧ Űɤɜ ůɡɜŰŬɡŰɘůɛɏɜɤɜ ůɖɛŮɑɤɜ ɛŮɘɤɜɧŰŬɜ. ȼ ɛŮɑɤůɖ ŬɡŰɐ Űɞɡ ˊɞůɞůŰɞɨ 

Űɤɜ ůɡɜŰŬɡŰɘůɛɏɜɤɜ ůɖɛŮɑɤɜ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ ŬˊɞəɟɨɣŮɤɜ, əŬɗɩɠ ŮɑɜŬɘ 

ˊɟɞűŬɜɏɠ ˊɤɠ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ɓɎůŮɘɠ ɚɐɣɖɠ ŮɜŰŮɑɜɞɡɜ Űɖɜ ˊŬɟɞɡůɑŬ Űɞɡɠ. Ƀɘ ɛɘəɟɧŰŮɟŮɠ ɓɎůŮɘɠ 

ɚɐɣɖɠ ŭɘŮɡəɞɚɨɜɞɡɜ Űɖ ŭɘŬŭɘəŬůɑŬ DIM, ɛŮɘɞɜŮəŰɞɨɜ ɧɛɤɠ ɤɠ ˊɟɞɠ Űɖ ɔŮɤɛŮŰɟɑŬ, əŬɗɩɠ 

ŮɛűŬɜɑɕɞɡɜ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ŬɚɚɖɚɞŰɞɛɑŬ Űɤɜ ɞɛɧɚɞɔɤɜ ŬəŰɑɜɤɜ. ɆŰɖɜ ɘŭŬɜɘəɐ ˊŮɟɑˊŰɤůɖ ɞɘ 

ɞɛɧɚɞɔŮɠ ŬəŰɑɜŮɠ ɗŬ ˊɟɏˊŮɘ ůɢɖɛŬŰɑɕɞɡɜ ˊŬɟŬɚɚŬəŰɘəɐ ɔɤɜɑŬ ɑůɖ ɛŮ 900 [118]. ɄɟɏˊŮɘ ɜŬ 

ůɖɛŮɘɤɗŮɑ ˊɤɠ ŬəɧɛŬ əŬɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɞ ɑŭɘɞɠ ɚɧɔɞɠ ɛŮŰŬɝɨ Űɖɠ ɓɎůɖɠ ɚɐɣɖɠ əŬɘ Űɞɡ ɨɣɞɡɠ 

ˊŰɐůɖɠ (configuration 2 əŬɘ configuration 3) (ȺɘəɧɜŬ 2.7) ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟɞɡɜ. 

ȷɡŰɏɠ ɞɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ɛˊɞɟŮɑ ɜŬ ́ ŬɟŬŰɖɟɖɗɞɨɜ ɧŰŬɜ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ŮɘəɧɜŮɠ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ 

ɚɤɟɑŭŮɠ ˊŰɐůɖɠ ɧˊɞɡ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ɏɜŰɞɜŮɠ ɟŬŭɘɞɛŮŰɟɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ 

Ůɘəɧɜɤɜ ɚɧɔɤ Űɖɠ ɢɟɞɜɘəɐɠ ŭɘŬűɞɟɎɠ ɛŮ Űɖɜ ɞˊɞɑŬ űɤŰɞɔɟŬűɑɕŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ əŬɘ Űɖɠ 

ŭɘŬűɞɟŮŰɘəɐɠ ɗɏŬůɖɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. Ƀɘ ůɡɜŭɡŬůɛɞɑ configuration 4 əŬɘ 5 (ȺɘəɧɜŬ 2.7). 

Ŭɝɘɞˊɞɘɞɨɜ Űɖɜ ˊɚŮɞɜɎɕɞɡůŬ ˊɚɖɟɞűɞɟɑŬ Ŭˊɧ Űɘɠ ˊɞɚɚŬˊɚɏɠ ŮɘəɧɜŮɠ ůɡɜŭɡɎɕɞɜŰŬɠ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ɚɧɔɞɡɠ ɓɎůɖɠ ɚɐɣɖɠ əŬɘ ɨɣɞɡɠ ˊŰɐůɖɠ. ȺɘŭɘəɧŰŮɟŬ, o ůɡɜŭɡŬůɛɧɠ configuration 

5 ŬɝɘɞˊɞɘŮɑ ŰɟŮɘɠ ɚɤɟɑŭŮɠ ɚɐɣŮɘɠ ́ ŬɟɏɢɞɜŰŬɠ ɧɚɖ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɖɜ ˊɚɐɟɖ əŬɘ 

ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ əŬŰŬɔɟŬűɐ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ Ŭűɞɨ ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊɞɚɡŮɘəɞɜɘəɐ 

ˊɟɞůɏɔɔɘůɖ (MVS). ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ɢɟɐůɖ ˊɞɚɡŮɘəɞɜɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ɏɢŮɘ 

ɛŮɔɎɚɞ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɡɠ 

ŭɘŬɗɏůɘɛɞɡɠ ůŰŬɗɛɞɨɠ ŮɟɔŬůɑŬɠ.   

ȯɚɚŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɖ ůɡɜŰŬɨŰɘůɖ Ůɘəɧɜɤɜ ŮɑɜŬɘ ɞɘ ɟŬŭɘɞɛŮŰɟɘəɏɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ, ɧˊɤɠ ɞɘ ŬɜŬəɚɎůŮɘɠ, ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɐəŮɠ űɤŰɘůɛɞɨ, ɞɘ ůəɘɏɠ, ɖ ɢŬɛɖɚɐ 

ŬɜɎɚɡůɖ əŬɘ ˊɞɘɧŰɖŰŬ Űɤɜ Ůɘəɧɜɤɜ (ˊ.ɢ. ɧŰŬɜ ɔɑɜŮŰŬɘ ɢɟɐůɖ ůŬɟɤɛɏɜɤɜ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ) ŬɚɚɎ 

Config. 1                              

ůZ=4.27 cm, npoints=81.4% 

 

Config. 2                              

ůZ=1.94 cm, npoints=72.8% 

 

Config. 3                              

ůZ=1.91 cm, npoints=60.1% 

 

Config. 4                              

ůZ=2.89 cm, npoints=89.5% 

 

Config. 5                              

ůZ=2.78 cm, npoints=91.5% 
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əŬɘ ŰŬ əɘɜɞɨɛŮɜŬ ŬɜŰɘəŮɑɛŮɜŬ (ˊ.ɢ. ŬɡŰɞəɑɜɖŰŬ). ɆɖɛŬɜŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ 

ŰŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŬ ŬɜŰɘəŮɑɛŮɜŬ, ɖ ɏɚɚŮɘɣɖ ɡűɐɠ əŬɘ ɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ 

(ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ əŬɘ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ). Ⱥˊɑůɖɠ, ɏɜŬ Ɏɚɚɞ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ŮɑɜŬɘ ˊɤɠ əɎˊɞɘŬ ŬɜŰɘəŮɑɛŮɜŬ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɐ ɟŬŭɘɞɛŮŰɟɑŬ 

ŬəɧɛŬ əŬɘ Ŭɜ űɤŰɞɔɟŬűɑɕɞɜŰŬɘ ŭɘŬŭɞɢɘəɎ Űɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ əŬŰɎ ɛɐəɞɠ ɛɑŬɠ ɚɤɟɑŭŬɠ 

ɚɐɣɖɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ɞɘ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ űɤŰɞɔɟŬűɑɕɞɜŰŬɘ ůŰɞɜ ˊɟŬɔɛŬŰɘəɧ ɢɩɟɞ ŭŮɜ ŮɑɜŬɘ 

ɧɚŮɠ ȿŬɛˊŮɟŰɘŬɜɏɠ (Lambertian surfaces). ȳˊɞɡ, ȿŬɛˊŮɟŰɘŬɜɐ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ ɖ ŮˊɘűɎɜŮɘŬ ɖ 

ɞˊɞɑŬ ŬɜŬəɚɎ Űɖɜ ˊɟɞůˊɑˊŰɞɡůŬ ŬəŰɘɜɞɓɞɚɑŬ ɘůɞŰɟɞˊɘəɎ (ŭɘɎɢɡŰɖ ŬɜɎəɚŬůɖ) əŬɘ ŬəɞɚɞɡɗŮɑ Űɞ 

ɜɧɛɞ ůɡɜɖɛɘŰɧɜɞɡ Űɞɡ Lambert. ȼ ŭɘɎɢɡŰɖ ŬɜɎəɚŬůɖ ɞűŮɑɚŮŰŬɘ ůŮ ɛɘəɟɞůəɞˊɘəɐ ŰɟŬɢɨŰɖŰŬ ɛɘŬɠ 

ŮˊɘűɎɜŮɘŬɠ əŬɘ ŬˊɞŰŮɚŮɑ ɏɜŬ ɘŭŬɜɘəɧ ɛɞɜŰɏɚɞ ŬɜɎəɚŬůɖɠ. ȾɎˊɞɘŮɠ űɡůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ 

ˊɟɞůŮɔɔɑɕɞɡɜ Űɞ ɛɞɜŰɏɚɞ ŬɡŰɧ (ˊ.ɢ. Űɞ ɢɘɧɜɘ, ɖ Ɏɛɛɞɠ, ŰŬ ɡűɎůɛŬŰŬ, ɞɘ Űɞɑɢɞɘ ůŮ ŮůɤŰŮɟɘəɞɨɠ 

ɢɩɟɞɡɠ, əɎˊɞɘŬ ŭɎˊŮŭŬ, Űɞ ŭɏɟɛŬ əŬɘ Űɞ ɢŬɟŰɑ).  

ȸɎůŮɘ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ, ɡˊɎɟɢɞɡɜ ŬɟəŮŰɎ ŬɜɞɘɢŰɎ ɕɖŰɐɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ DIM 

ˊɞɡ ɢɟɐɕɞɡɜ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖ əŬɘ ɏɟŮɡɜŬ. ȰɜŬ ɓŬůɘəɧ ɗɏɛŬ ŮɑɜŬɘ ɖ ŬɡŰɧɛŬŰɖ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ 

Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɏŰůɘ ɩůŰŮ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɡɣɖɚɐ Ŭˊɧŭɞůɖ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ůŮŰ 

ŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ Ůɘəɧɜɤɜ ɐ Űɖɜ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ [119]. Ⱥˊɑůɖɠ, ůŮ ɧɚɞɡɠ Űɞɡɠ 

Ŭɚɔɞɟɑɗɛɞɡɠ DIM ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŬɚɚɞɘɩůŮɘɠ Űɤɜ Ŭəɛɩɜ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ˊŮɟɘɞɢɏɠ 

ŬůɡɜŮɢŮɘɩɜ ɓɎɗɞɡɠ (ˊ.ɢ. əŰɑůɛŬŰŬ ůŮ ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ) ɐ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɢŬɛɖɚɐ ɡűɐ. 

ɄŬɟɎɚɚɖɚŬ, ɛɘŬ ɔɜɤůŰɐ ŬůŰɞɢɑŬ Űɤɜ ɡˊŬɟɢɧɜŰɤɜ Ŭɚɔɞɟɑɗɛɤɜ ŮɑɜŬɘ Űɞ çɛŮŰɤˊɘəɧè űŬɘɜɧɛŮɜɞ 

(fronto-parallel effect) ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞɜ ɢɎɟŰɖ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ ɔɘŬ ŮˊɘűɎɜŮɘŮɠ ɛŮ 

ɛŮɔɎɚɖ əɚɑůɖ. ȰɜŬ Ŭəɧɛɖ ˊɟɧɓɚɖɛŬ ŬˊɞŰŮɚŮɑ əŬɘ ɞ ɢɟɧɜɞɠ ŮəŰɏɚŮůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ, ŮɘŭɘəɎ 

ɧŰŬɜ ɔɑɜŮŰŬɘ ɢɟɐůɖ ˊɞɚɚŬˊɚɩɜ Ůɘəɧɜɤɜ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ (ˊ.ɢ. ŮɘəɧɜŮɠ Ŭˊɧ UAV). ȼ ŬɜŬɕɐŰɖůɖ 

ɔɘŬ Ŭɚɔɞɟɑɗɛɞɡɠ ˊɞɡ ɗŬ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ŭŮŭɞɛɏɜŬ ɛŮ ŬəɟɑɓŮɘŬ əŬɘ ŰŬɢɨŰɖŰŬ ŬəɧɛŬ 

əŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰɟɏɢɞɜŰŬ ŮɟŮɡɜɖŰɘəɎ ɕɖŰɐɛŬŰŬ.  

ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ˊɤɠ ɖ ˊɞɘɧŰɖŰŬ əŬɘ ɖ ŬəɟɑɓŮɘŬ Űɞɡ ŮɝŬɢɗɏɜŰɞɠ ɜɏűɞɡɠ ůɖɛŮɑɤɜ ŮˊɖɟŮɎɕŮɘ əŬɘ ŰŬ 

ɡˊɧɚɞɘˊŬ űɤŰɞɔɟŬɛɛŮŰɟɘəɎ ˊɟɞɥɧɜŰŬ (ˊ.ɢ. ɞɟɗɞŮɘəɧɜŮɠ ɐ ŬɚɖɗŮɑɠ ɞɟɗɞŮɘəɧɜŮɠ) ɐ Űɖɜ ˊŮɟŬɘŰɏɟɤ 

Ŭɝɘɞˊɞɑɖůɐ Űɞɡɠ ůŮ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ ɧˊɤɠ ŰŬɝɘɜɧɛɖůɖɠ, ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ ə.Ɏ. ɆŰɖɜ ˊɟɎɝɖ 

ɞɘ ŭɘŬŭɘəŬůɑŮɠ DIM ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŮ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ, ɧˊɤɠ ɔŮɤɛŮŰɟɘəɐ 

ŰŮəɛɖɟɑɤůɖ ɛɜɖɛŮɑɤɜ [120-124], ŬˊɞŰɨˊɤůɖ əŬɘ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ əɟɑůɘɛɤɜ ɡˊɞŭɞɛɩɜ [125], 

ŬɜŰɘɛŮŰɩˊɘůɖ əŬŰŬůŰɎůŮɤɜ ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ [126-127], 3ȹ ŬɜŬəŬŰŬůəŮɡɐ ˊɧɚŮɤɜ [128-131] 

ə.Ɏ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɖ ŰŮɢɜɘəɐ DIM ůɡɜŭɡɎɕŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ ɡˊɞɚɞɔɘůɛɞɨ ŭɞɛɐɠ Ŭˊɧ 

əɑɜɖůɖ (Structure from Motion-SfM) ɔɘŬ Űɖɜ ŬɡŰɞɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ɛɖɢŬɜɐɠ 

əŬɘ Űɞɜ ŬɡŰɧɛŬŰɞ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŮɝɤŰŮɟɘəɩɜ ˊɟɞůŬɜŬŰɞɚɘůɛɩɜ Űɤɜ Ůɘəɧɜɤɜ [132-134]. 

ɀɎɚɘůŰŬ ŬɡŰɐ ɖ ŰŮɢɜɘəɐ ůɡɜŮɘůűɏɟŮɘ ůɖɛŬɜŰɘəɎ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ DIM ůŮ 

ůɡɚɚŮɔɛɏɜŮɠ ŮɘəɧɜŮɠ Ŭˊɧ ŭɘŬŭɘəŬůɑŮɠ ˊɚɖɗɞˊɞɟɘůɛɞɨ (crowdsourcing) [122]. ȺɜŭɘŬűɏɟɞɜ 

ˊŬɟɞɡůɘɎɕŮɘ, Ůˊɑůɖɠ, ɖ ůɨɔəɟɘůɖ Ůɛˊɞɟɘəɩɜ əŬɘ ŮɚŮɨɗŮɟɤɜ ɚɞɔɘůɛɘəɩɜ ˊɞɡ ŮűŬɟɛɧɕɞɡɜ 
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ŭɘŬŭɘəŬůɑŬ DIM. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɑɢɜɞɡɜ ŮˊɑŰŮɡɝɖ ŬəɟɑɓŮɘŬɠ əŬɘ ŬɝɘɞˊɘůŰɑŬɠ ŬəɧɛŬ əŬɘ ůŮ 

ˊɞɚɨˊɚɞəŮɠ ůəɖɜɏɠ [65] [127] [135].  

2.4 ȷɡŰɧɛŬŰɖ ŬɜɑɢɜŮɡůɖ, əŬŰɎŰɛɖůɖ əŬɘ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ 

əŰɘůɛɎŰɤɜ  

2.4.1 ɇɡˊɘəɎ ˊɟɞɓɚɐɛŬŰŬ  

ȼ ŬɡŰɧɛŬŰɖ ŬɜɑɢɜŮɡůɖ, əŬŰɎŰɛɖůɖ əŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ŮɘəɧɜŮɠ əŬɘ ɜɏűɖ 

ůɖɛŮɑɤɜ ŬˊɞŰŮɚɞɨɜ ŮˊɘůŰɖɛɞɜɘəɎ ˊŮŭɑŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ Ŭɘɢɛɐ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ [2, 9-10]. ɇŬ 

əŰɑůɛŬŰŬ ŬˊɞŰŮɚɞɨɜ Űɞ əŮɜŰɟɘəɧ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Ŭˊɧ ŬɡŰɧɛŬŰŮɠ ŭɘŬŭɘəŬůɑŮɠ ŬɜɑɢɜŮɡůɖɠ, əŬŰɎŰɛɖůɖɠ əŬɘ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ ɏɢɞɡɜ 

ŬˊɞŭŮɘɢɗŮɑ ɢɟɐůɘɛŬ ůŮ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ ɧˊɤɠ: 1) ŭɘŬɢŮɑɟɘůɖ əŬŰŬůŰɎůŮɤɜ ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ 

əŬɘ əɟɑůɘɛɤɜ ɡˊɞŭɞɛɩɜ, 2) ɡˊɞɚɞɔɘůɛɧ ˊɡəɜɧŰɖŰŬɠ ˊɚɖɗɡůɛɞɨ, 3) ˊɞɚŮɞŭɞɛɘəɧ əŬɘ ŬɔɟɞŰɘəɧ 

ůɢŮŭɘŬůɛɧ, 4) ŮűŬɟɛɞɔɏɠ ŮˊŬɡɝɖɛɏɜɖɠ ˊɟŬɔɛŬŰɘəɧŰɖŰŬɠ əŬɘ ɖɚŮəŰɟɞɜɘəɩɜ ˊŬɘɢɜɘŭɘɩɜ, 5) 3ȹ 

ɞˊŰɘəɞˊɞɑɖůɖ ɛɞɜŰɏɚɤɜ ˊɧɚŮɤɜ əŬɘ ŭɘŬɢŮɑɟɘůɖ ɏɝɡˊɜɤɜ ˊɧɚŮɤɜ, 6) ŭɘŬɢɟɞɜɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ 

ŬůŰɘəɐɠ əŬɘ ŰɞɡɟɘůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ, 7) ŬɝɑŮɠ ŬəɘɜɐŰɤɜ, 8) ŬɜɎɚɡůɖ əŬɘ ŮɝŬɔɤɔɐ ŬůŰɘəɩɜ ŭŮɘəŰɩɜ, 

9) ŮűŬɟɛɞɔɏɠ ˊɚɞɐɔɖůɖɠ, 10) ŰɖɚŮˊɘəɞɘɜɤɜɑŮɠ, 11) əŬŰŬɔɟŬűɐ, ŰŮəɛɖɟɑɤůɖ əŬɘ ˊŬɟŬəɞɚɞɨɗɖůɖ 

ɘůŰɞɟɘəɩɜ əŰɘůɛɎŰɤɜ/ɛɜɖɛŮɑɤɜ, 12) ŮɜŰɞˊɘůɛɧ əŬɘ ˊŬɟŬəɞɚɞɨɗɖůɖ ŬɡɗŬɑɟŮŰɤɜ əŬŰŬůəŮɡɩɜ, əŬɘ 

13) Ůɜɖɛɏɟɤůɖ əŰɖɛŬŰɞɚɞɔɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ, 3ȹ ȾŰɖɛŬŰɞɚɧɔɘɞ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ɖɚŮəŰɟɞɜɘəɞɨ 

ŬɟɢŮɑɞɡ əŰɘůɛɎŰɤɜ ə.Ɏ. ɄŬɟɎ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ, ɖ ŬɡŰɧɛŬŰɖ ŬɜɑɢɜŮɡůɖ, əŬŰɎŰɛɖůɖ 

əŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ ˊŬɟŬɛɏɜɞɡɜ ɛɏɢɟɘ ůɐɛŮɟŬ ɏɜŬ ŮɔɢŮɑɟɖɛŬ ɛŮ ɘŭɘŬɑŰŮɟɞ 

ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ ɚɧɔɤ: 

- Űɤɜ ˊɟɞɞˊŰɘəɩɜ əŬɘ ɟŬŭɘɞɛŮŰɟɘəɩɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰɘɠ ŮɘəɧɜŮɠ, 

- Űɖɠ ɨˊŬɟɝɖɠ ůəɘɩɜ, 

- Űɤɜ ˊɞɚɨˊɚɞəɤɜ əŰɘɟɘŬəɩɜ ŭɞɛɩɜ əŬɘ Űɞɡ ŭɘŬűɞɟŮŰɘəɞɨ ɛŮɔɏɗɞɡɠ Űɞɡɠ, 

- Űɖɠ ŬˊŬɑŰɖůɖɠ ɔɘŬ ɟŬŭɘɞɛŮŰɟɘəɏɠ əŬɘ ŬŰɛɞůűŬɘɟɘəɏɠ ŭɘɞɟɗɩůŮɘɠ, 

- Űɖɠ ŬˊŬɑŰɖůɖɠ ɔɘŬ ŮɔɔɟŬűɐ ɐ/əŬɘ ůɡɜŭɡŬůɛɧ ɛŮŰŬɝɨ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ, 

- Űɤɜ ŮɔɔŮɜɩɜ ˊɟɞɓɚɖɛɎŰɤɜ Űɤɜ Ŭɟɢɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɐ Űɤɜ ŮɝŬɢɗɏɜŰɤɜ 

ˊɟɞɥɧɜŰɤɜ. ɇɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ: 1) ɖɛɘ-ɡˊɧɔŮɘŬ əŰɑůɛŬŰŬ Űɤɜ 

ɞˊɞɑɤɜ ŰŬ ɡˊɏɟɔŮɘŬ ŰɛɐɛŬŰŬ Űɞɡɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ůŰɞ ɡɣɧɛŮŰɟɞ Űɞɡɠ ŮŭɎűɞɡɠ ɐ Űɞɡ 

ŭɟɧɛɞɡ, 2) ŰɛɐɛŬ ɐ ŭɩɛŬ ůŰɖ ůŰɏɔɖ Ůɜɧɠ əŰɑůɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɡˊɎɟɢŮɘ űɡŰŮɛɏɜɖ 

ɓɚɎůŰɖůɖ, 3) ŰɛɐɛŬŰŬ əŰɘůɛɎŰɤɜ ˊɞɡ ŬˊɞəɟɨˊŰɞɜŰŬɘ Ŭˊɧ ɓɚɎůŰɖůɖ ɐ ɎɚɚŬ ŬɜŰɘəŮɑɛŮɜŬ, 

əŬɘ 4) Ůɚɚɘˊɐɠ əŬŰŬɔɟŬűɐ əŬɘ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ əŰɘůɛɎŰɤɜ ɛŮ ˊɞɚɨ ɛɘəɟɧ ɛɏɔŮɗɞɠ Ŭˊɧ 

Űɞɡɠ ŭɘŬɗɏůɘɛɞɡɠ ŭɏəŰŮɠ əŬŰŬɔɟŬűɐɠ ŭŮŭɞɛɏɜɤɜ, 

- Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ ɐ/əŬɘ Űɞɡ ɡɣɖɚɞɨ Űɞɡɠ  əɧůŰɞɡɠ, 

- Űɞɡ ɛŮɔɎɚɞɡ ɧɔəɞɡ ŭŮŭɞɛɏɜɤɜ, 
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- Űɖɠ ŬˊŬɑŰɖůɖɠ ɔɘŬ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ ŬɜŬűɞɟɎɠ (reference data), 

- Űɖɠ ŬˊŬɑŰɖůɖɠ ɔɘŬ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ əŬɘ Ŭɚɔɞɟɑɗɛɞɡɠ ɛŮ Űɖɜ ŮɚɎɢɘůŰɖ 

ŭɡɜŬŰɐ ˊŬɟɏɛɓŬůɖ Űɞɡ ɢɟɐůŰɖ, 

- Űɖɠ ŬˊŬɑŰɖůɖɠ ɔɘŬ ŭɖɛɘɞɡɟɔɑŬ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ: 1) ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬ ůŮ ŭɘɎűɞɟɞɡɠ 

Űɨˊɞɡɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ŬɜɎɚɡůɖɠ 2) ɛɘəɟɧ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ, əŬɘ 3) ɘəŬɜɧŰɖŰŬ 

ŮɜůɤɛɎŰɤůɖɠ əŬɜɧɜɤɜ ɔŮɜɘəɧŰŮɟɖɠ ɘůɢɨɞɠ, 

- Űɖɠ ˊŮɟɘɞɟɘůɛɏɜɖɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ ŮɚŮɨɗŮɟɤɜ əŬɘ űɘɚɘəɩɜ ˊɟɞɠ Űɞɜ ɢɟɐůŰɖ ɚɞɔɘůɛɘəɩɜ, 

2.4.2 ȹɘŬűɞɟɏɠ ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR  əŬɘ DIM  

ȰɜŬ ŮɟɩŰɖɛŬ Űɞ ɞˊɞɑɞ ůɡɜɐɗɤɠ ŰɑɗŮŰŬɘ ŮɑɜŬɘ ˊɞɘɞ Ŭˊɧ ŰŬ ŭɨɞ Ůɑŭɖ ŭŮŭɞɛɏɜɤɜ, ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ 

LIDAR ɐ DIM, ɗŮɤɟŮɑŰŬɘ əŬŰŬɚɚɖɚɧŰŮɟɞ ɔɘŬ Űɖɜ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ɧˊɤɠ əŬɘ 

ɔɘŬ ŮűŬɟɛɞɔɏɠ ŬɜɑɢɜŮɡůɖɠ, əŬŰɎŰɛɖůɖɠ əŬɘ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ. ɆŰɖ ŭɘŮɗɜɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ ɏɢɞɡɜ ɔɑɜŮɘ ŬɟəŮŰɏɠ ůɡɔəɟɑůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM 

ůŮ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ. ɆŰŬ [136-138] ɏɔɘɜŮ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ 

DIM ɔɘŬ ŮˊɑɔŮɘŮɠ ŮűŬɟɛɞɔɏɠ, Ůɜɩ ůŰŬ [139-144] ɔɘŬ ŮɜŬɏɟɘŮɠ ŮűŬɟɛɞɔɏɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɘɠ 

ůɡɔəɟɑůŮɘɠ əŬɘ ŬɝɘɞɚɞɔɐůŮɘɠ ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɞɘ ŮˊɘŰɡɔɢŬɜɧɛŮɜŮɠ ŬəɟɑɓŮɘŮɠ ɓɎůŮɘ 

ŮˊɘůɖɛŬůɛɏɜɤɜ ůɖɛŮɑɤɜ Ůɚɏɔɢɞɡ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ŮűɎɛɘɚɚŮɠ [137].  ɄŬɟɧɚŬ ŬɡŰɎ, ŭŮɜ 

ɏɢɞɡɜ ŭɘŮɟŮɡɜɖɗŮɑ ŮˊŬɟəɩɠ ɞɘ ŭɘŬűɞɟɏɠ Űɞɡɠ ůŮ ŮűŬɟɛɞɔɏɠ ŬɜɑɢɜŮɡůɖɠ, əŬŰɎŰɛɖůɖɠ əŬɘ 

ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ. ȰŰůɘ, Űɞ ɗɏɛŬ ŬɡŰɧ ŬɜŬɚɨŮŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ůŰɖɜ ˊŬɟɞɨůŬ 

ŭɘŬŰɟɘɓɐ. 

 

ȺɘəɧɜŬ 2.8: Ɂɏűɖ ůɖɛŮɑɤɜ ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ, Ŭˊɧ LIDAR əŬɘ DIM, ɢɟɤɛŬŰɘůɛɏɜŬ ɓɎůŮɘ Űɖɠ Űɘɛɐɠ Űɞɡ ɡɣɞɛɏŰɟɞɡ 

əɎɗŮ ůɖɛŮɑɞɡ. ɆŰɖɜ əɑŰɟɘɜɖ ɏɚɚŮɘɣɖ ůɖɛŮɘɩɜɞɜŰŬɘ ˊŮɟɘˊŰɩůŮɘɠ ŬɚɚɞɘɩůŮɤɜ əŬɘ ŮůűŬɚɛɏɜɤɜ ˊŬɟŮɛɓɞɚɩɜ ůŰɘɠ Ŭəɛɏɠ 

Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɞ ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM. Ʉɖɔɐ: [140] 
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ȺɘəɧɜŬ 2.9: ɇɞɛɐ ůŮ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM (ɢɟɤɛŬŰɘůɛɏɜŬ ɓɎůŮɘ Űɖɠ Űɘɛɐɠ Űɞɡ ɡɣɞɛɏŰɟɞɡ əɎɗŮ 
ůɖɛŮɑɞɡ) ůŮ ŬůŰɘəɐ ˊŮɟɘɞɢɐ ůŰɖɜ ɞˊɞɑŬ ůɖɛŮɘɩɜɞɜŰŬɘ: Ŭ) ɞɘ Űɞˊɘəɏɠ ŬɚɚɞɘɩůŮɘɠ ůŰɘɠ Ŭəɛɏɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɞ 

ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ŮůűŬɚɛɏɜŮɠ ˊŬɟŮɛɓɞɚɏɠ, ɓ) ɖ ŭɘŬűɞɟɎ ůŰɖɜ ˊɡəɜɧŰɖŰŬ ůɖɛŮɑɤɜ, ɔ) 

ŮˊɘŰɡɢɐɠ ůɡɚɚɞɔɐ ůɖɛŮɑɤɜ ŮůɤŰŮɟɘəɎ Űɖɠ ɓɚɎůŰɖůɖɠ ůŰɞ ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR (ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM 

ɛˊɞɟɞɨɜ ɜŬ ŬɜŬəŬŰŬůəŮɡɎůɞɡɜ ɛɧɜɞ ŰŬ ŬɜɩŰŮɟŬ ɡɣɞɛŮŰɟɘəɎ ŰɛɐɛŬŰŬ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ), ŭ) Űɞˊɘəɐ ŬŰŮɚɐɠ 3ȹ 
ŬɜŬəŬŰŬůəŮɡɐ ůŰɞ ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM, Ů) ŰɞˊɘəɎ űŬɘɜɧɛŮɜŬ ɗɞɟɨɓɞɡ (ŰɟŬɢɨŰɖŰŬ ůɖɛŮɑɤɜ) ůŰɞ ɜɏűɞɠ ůɖɛŮɑɤɜ 

Ŭˊɧ DIM, ɕ) ŮˊɘŰɡɢɐɠ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ɜŮűɩɜ ůɖɛŮɑɤɜ əŬɘ ɖ) Űɞˊɘəɐ ɡˊɞ-

ŭŮɘɔɛŬŰɞɚɖɣɑŬ ůŰɞ ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR. 

 

ɇŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ŬˊɞŰŮɚɞɨɜ ɛɑŬ ŬɝɘɧˊɘůŰɖ ɚɨůɖ ɘŭɘŬɑŰŮɟŬ ɔɘŬ ɜɡɢŰŮɟɘɜɏɠ ɚɐɣŮɘɠ ɐ 

ɚɐɣŮɘɠ ůŮ ŮůɤŰŮɟɘəɞɨɠ əŬɘ ůəɘŬůɛɏɜɞɡɠ ɢɩɟɞɡɠ ɐ ɔɘŬ ŬˊɞŰɡˊɩůŮɘɠ ɘŭɘŬɑŰŮɟŬ ůɨɜɗŮŰɤɜ ˊŮɟɘɞɢɩɜ 

(ɓɘɞɛɖɢŬɜɘəɩɜ ə.Ɏ.), ŬɝɘɞˊɞɘɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ əŬɘ Űɖɜ ɧˊɞɘŬ ŭɘŬŰɘɗɏɛŮɜɖ ˊɟɧůɗŮŰɖ ˊɚɖɟɞűɞɟɑŬ. 

ɇŬ ɓŬůɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɞɡɠ ŮɑɜŬɘ: 1) Űɞ ɡɣɖɚɧ Űɞɡɠ əɧůŰɞɠ ɔɘŬ ůŬɟɩůŮɘɠ ɛɘəɟɩɜ ˊŮɟɘɞɢɩɜ 

ɛŮɚɏŰɖɠ, 2) ɖ ˊŮɟɘɞɟɘůɛɏɜɖ ɞˊŰɘəɞˊɞɑɖůɐ Űɞɡɠ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮɑŰŮ ɓɎůŮɘ Űɞɡ ɡɣɞɛɏŰɟɞɡ 

əɎɗŮ ůɖɛŮɑɞɡ ŮɑŰŮ ɓɎůŮɘ Űɤɜ Űɘɛɩɜ ɏɜŰŬůɖɠ, 3) ɞɘ ˊŮɟɘˊŰɩůŮɘɠ Űɞˊɘəɐɠ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬŰɎ 

Űɖ ůɎɟɤůɖ, əŬɘ 4) ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŮɝŮɘŭɘəŮɡɛɏɜɖɠ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ ˊɟɘɜ Űɖ ɢɟɐůɖ Űɞɡɠ. 

ȷɜŰɘůŰɞɑɢɤɠ, ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM ŬˊɞŰŮɚɞɨɜ ɛɑŬ ŮɡɏɚɘəŰɖ, ŬɝɘɧˊɘůŰɖ əŬɘ ɞɘəɞɜɞɛɘəɐ ɚɨůɖ 

ɔɘŬ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ ɛŮ ŭɡɜŬŰɧŰɖŰŬ Ŭɝɘɞˊɞɑɖůɖɠ ˊɞɚɡűŬůɛŬŰɘəɩɜ ɐ əŬɘ ɡˊŮɟűŬůɛŬŰɘəɩɜ 

Ůɘəɧɜɤɜ. Ʉɟɞůűɏɟɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɏɔɢɟɤɛɖɠ 3ȹ ŬɜŬəŬŰŬůəŮɡɐɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɐ Űɖɠ 

ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ɄŬɟɎ Űɖɜ ˊɡəɜɐ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ŭɘŬɗɏŰɞɡɜ (ɡɣɖɚɐ ˊɡəɜɧŰɖŰŬ 

ůɖɛŮɑɤɜ), ŰŬ ɓŬůɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰɎ Űɞɡɠ ŮɑɜŬɘ: 1) ɞɘ Űɞˊɘəɏɠ ŬɚɚɞɘɩůŮɘɠ ůŰɘɠ Ŭəɛɏɠ Űɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ, ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ŮůűŬɚɛɏɜŮɠ ˊŬɟŮɛɓɞɚɏɠ əŬŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ DSMs ůŮ ɣɖűɘŭɤŰɐ 

ɛɞɟűɐ ɐ ŮˊɘűŬɜŮɘɩɜ ˊɚɏɔɛŬŰɞɠ (mesh) (ȺɘəɧɜŬ 2.8), 2) ŰŬ ŰɞˊɘəɎ űŬɘɜɧɛŮɜŬ ɗɞɟɨɓɞɡ (ŰɟŬɢɨŰɖŰŬ 

ůɖɛŮɑɤɜ ɐ Ŭɚɚɘɩɠ surface roughness), 3) ɖ Űɞˊɘəɐ ŬŰŮɚɐɠ 3ȹ ŬɜŬəŬŰŬůəŮɡɐ ŬɜŰɘəŮɘɛɏɜɤɜ ɐ 

ŰɛɖɛɎŰɤɜ ŬɡŰɩɜ, əŬɘ 4) ɞɘ ŬˊŬɘŰɐůŮɘɠ Űɞɡɠ ɧůɞɜ ŬűɞɟɎ ůŰɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ɛɜɐɛɖ Űɞɡ ůŰŬɗɛɞɨ 

ŮɟɔŬůɑŬɠ. ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ŬɡŰɎ ɞűŮɑɚɞɜŰŬɘ ůɡɜɐɗɤɠ: 1) ůŰɖɜ ˊɘɗŬɜɐ ŭɡůɛŮɜɐ ɔŮɤɛŮŰɟɑŬ Űɖɠ 

ɚɐɣɖɠ Űɤɜ Ůɘəɧɜɤɜ, 2) ůŰɖɜ ˊŬɟɞɡůɑŬ ŬˊɞəɟɨɣŮɤɜ, əŬɘ 3) ůŰɘɠ ˊɘɗŬɜɏɠ ŬɜŬɜŰɘůŰɞɘɢɑŮɠ əŬŰɎ Űɖɜ 
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ŮűŬɟɛɞɔɐ Űɖɠ DIM. ɆŰɖɜ ȺɘəɧɜŬ 2.9 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɐ ˊŮɟɑˊŰɤůɖ ŭɘŬűɞɟɩɜ 

ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM ůŮ ŮűŬɟɛɞɔɐ 3ȹ ŬɜŬəŬŰŬůəŮɡɐɠ ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ 

(ȾŬɚɞɢɩɟɘ, ȺɚɚɎŭŬ). 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ɑŭɘŬ ɖ ŮűŬɟɛɞɔɐ əŬɗɞɟɑɕŮɘ Űɞ ˊɘɞ Ŭˊɧ ŰŬ ŭɨɞ Ůɑŭɖ ŭŮŭɞɛɏɜɤɜ 

(ɜŮűɩɜ ůɖɛŮɑɤɜ) ɗŬ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ əŬɘ Űɘɠ 

ŬˊŬɘŰɐůŮɘɠ Űɖɠ ŮɟɔŬůɑŬɠ, Űɞ əɧůŰɞɠ, Űɖɜ ŮɛˊŮɘɟɑŬ ŬɚɚɎ əŬɘ ŰŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ [65]. ɆŮ əɎˊɞɘŮɠ ŮűŬɟɛɞɔɏɠ ˊɟɞəɟɑɜŮŰŬɘ ɖ ůɡɜɏɟɔŮɘŬ ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ 

Ŭˊɧ LIDAR əŬɘ DIM ŬɝɘɞˊɞɘɩɜŰŬɠ ŰŬ ɗŮŰɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ əŬɗŮɜɧɠ [145-150].  

2.4.3 ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŭɘŬŭɘəŬůɘɩɜ 

2.4.3.1 ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɓɎůŮɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ 

ȸɎůŮɘ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ, əŬŰɎŰɛɖůɖ əŬɘ Űɞɜ ŮɜŰɞˊɘůɛɧ 

ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ, ŭɘŬəɟɑɜɞɜŰŬɘ Űɟɘɩɜ Ůɘŭɩɜ ˊɟɞůŮɔɔɑůŮɘɠ: ɛŮ ɢɟɐůɖ ɛɧɜɞɜ Űɖɠ 

ɟŬŭɘɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, ɛŮ ɢɟɐůɖ ɛɧɜɞɜ Űɖɠ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ əŬɘ ɛŮ ůɡɜŭɡŬůɛɧ 

ɟŬŭɘɞɛŮŰɟɘəɐɠ əŬɘ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ. 

ü ɉɟɐůɖ ɛɧɜɞ Űɖɠ ɟŬŭɘɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ: Ƀɘ ˊɟɞůŮɔɔɑůŮɘɠ ŬɡŰɏɠ Ŭɝɘɞˊɞɘɞɨɜ ɛɧɜɞ 

ŮɜŬɏɟɘŮɠ ɐ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɏɢɞɡɜ Űɖɜ əŬŰɎɚɚɖɚɖ ɟŬŭɘɞɛŮŰɟɘəɐ 

ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ŭŮɘəŰɩɜ ɐ Űɖɜ ŮɝŬɔɤɔɐ ˊɟɞɥɧɜŰɤɜ Ŭˊɧ ɎɚɔŮɓɟŬ Ůɘəɧɜɤɜ 

ə.Ɏ. [9, 151-160]. ɄŬɟɎ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ (ˊ.ɢ. Ŭˊɧ UAV), ɞɘ 

ˊɟɞůŮɔɔɑůŮɘɠ ŬɡŰɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ ˊɟɞɓɚɐɛŬŰŬ ɧŰŬɜ ŭŮɜ ŭɘŬŰɑɗŮɜŰŬɘ ŮɘəɧɜŮɠ ɛŮ ˊɚɞɨůɘŬ 

ɟŬŭɘɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ əŬɘ ɏŰůɘ ŰŬ əŰɑůɛŬŰŬ (ɐ ŰɛɐɛŬŰŬ ŬɡŰɩɜ) ɏɢɞɡɜ ˊŬɟɧɛɞɘŮɠ 

ɟŬŭɘɞɛŮŰɟɘəɏɠ Űɘɛɏɠ ɛŮ ɎɚɚŬ ŬɜŰɘəŮɑɛŮɜŬ ɧˊɤɠ ŭɟɧɛɞɘ ɐ ɡˊŬɑɗɟɘɞɘ ɢɩɟɞɘ. 

ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɖ ůɡɚɚɞɔɐ ŬɜŰɘűŬŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ 

Ŭɚɔɧɟɘɗɛɞɡɠ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ. Ⱥˊɑůɖɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊɟɞɓɚɐɛŬŰŬ ůŮ 

ůəɘŬůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ Űɖɜ 

ŬɜɎəŰɖůɖ ɢɟɐůɘɛɖɠ ˊɚɖɟɞűɞɟɑŬɠ, əɎˊɞɘŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ŮəŰŮɚɞɨɜ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

Ůɘəɧɜɤɜ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŮűŬɟɛɞɔɐ ŬɡŰɧɛŬŰɤɜ ŰŮɢɜɘəɩɜ ŮɜŰɞˊɘůɛɞɨ ůəɘŬůɛɏɜɤɜ 

ˊŮɟɘɞɢɩɜ (shadow detection) əŬɘ ŬˊɞəŬŰɎůŰŬůɖɠ Űɞɡɠ (shadow removal) ɛɏůɤ 

əŬŰɎŰɛɖůɖɠ əŬɘ ɟŬŭɘɞɛŮŰɟɘəɐɠ ɘůɞůŰɎɗɛɘůɖɠ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɔŮɘŰɞɜɘəɏɠ ɛɖ 

ůəɘŬůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ [161-162]. ɆŰɖɜ ȺɘəɧɜŬ 2.10 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ 

ɞɟɗɞŮɘəɧɜŬɠ ůŰɖɜ ɞˊɞɑŬ ɏɢŮɘ ɔɑɜŮɘ ŬɡŰɧɛŬŰɖ ɟŬŭɘɞɛŮŰɟɘəɐ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ 

ůəɘŬůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ [163]. Ƀ ŮɜŰɞˊɘůɛɧɠ ůəɘŬůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ əŬɘ ɖ ŬˊɞəŬŰɎůŰŬůɖ 

Űɞɡɠ ůŮ ŰɏŰɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŭŮŭɞɛɏɜɤɜ ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ůŮ ŬɟəŮŰɏɠ ŮűŬɟɛɞɔɏɠ 

űɤŰɞŮɟɛɖɜŮɑŬɠ, ŮˊŬɡɝɖɛɏɜɖɠ ˊɟŬɔɛŬŰɘəɧŰɖŰŬɠ əŬɘ çůɞɓŬɟɩɜ ˊŬɘɢɜɘŭɘɩɜè (serious 

games), ŬɜɑɢɜŮɡůɖɠ ɛŮŰŬɓɞɚɩɜ, űɤŰɞɟŮŬɚɘůŰɘəɩɜ ŬˊŮɘəɞɜɑůŮɤɜ ɛɞɜŰɏɚɤɜ ˊɧɚŮɤɜ, 

ɡˊɞɚɞɔɘůɛɧ ɡɣɞɛɏŰɟɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ə.Ɏ. [164-166]. 
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ȷɟɢɘəɐ 

ɞɟɗɞŮɘəɧɜŬ 

ɀɎůəŬ ŬɜɑɢɜŮɡůɖɠ 

ůəɘŬůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ        

ɛɏůɤ CNN 

Ɇɡɚɚɞɔɐ ˊɚɖɟɞűɞɟɑŬɠ ɛɏůɤ 

əŬŰɎŰɛɖůɖɠ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

(ŭɘŮɡɟɡɛɏɜŮɠ) ɔŮɘŰɞɜɘəɏɠ ɛɖ 

ůəɘŬůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ 

ɃɟɗɞŮɘəɧɜŬ ɛŮŰɎ                    

Űɖ ɟŬŭɘɞɛŮŰɟɘəɐ 

ŬˊɞəŬŰɎůŰŬůɖ           

ůəɘŬůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ 

    

    
ȺɘəɧɜŬ 2.10: ɄŬɟɎŭŮɘɔɛŬ ɟŬŭɘɞɛŮŰɟɘəɐɠ ŬˊɞəŬŰɎůŰŬůɖɠ ůəɘŬůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ ɛɏůɤ ŬɡŰɧɛŬŰɤɜ ŰŮɢɜɘəɩɜ. 

Ʉɖɔɐ: [163] 

ü ɉɟɐůɖ ɛɧɜɞ Űɖɠ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ: Ƀɘ ˊɟɞůŮɔɔɑůŮɘɠ ŬɡŰɏɠ Ŭɝɘɞˊɞɘɞɨɜ ɛɧɜɞɜ 

ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɐ DIM ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ Űɖɜ ɡɣɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ (ɐ Űɖɜ 

əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖ ɡɣɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ) [53, 57, 167-178]. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɎ Űɖɜ 

ɞˊɞɘŬŭɐˊɞŰŮ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɞɘ ˊɟɞůŮɔɔɑůŮɘɠ ŬɡŰɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ ˊɟɞɓɚɐɛŬŰŬ 

ɧŰŬɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ˊŬɟɧɛɞɘŮɠ Űɘɛɏɠ ɡɣɞɛɏŰɟɞɡ ɛŮŰŬɝɨ Űɤɜ əŰɘůɛɎŰɤɜ əŬɘ Űɖɠ 

ɓɚɎůŰɖůɖɠ. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɖ ŬŭɡɜŬɛɑŬ ŮűŬɟɛɞɔɐɠ ɔŮɤɛŮŰɟɘəɩɜ 

əŬɜɧɜɤɜ (ˊ.ɢ. əŬŰɩűɚɘ ɡɣɞɛɏŰɟɞɡ) ɚɧɔɤ Űɖɠ ůɡɢɜɐɠ ˊŬɟɞɡůɑŬɠ ɡɣɖɚɐɠ ɓɚɎůŰɖůɖɠ 

ŬəɧɛŬ əŬɘ ˊɚɖůɑɞɜ Űɤɜ əŰɘůɛɎŰɤɜ. Ⱥˊɑůɖɠ, ɚɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ ŬůŰɘəɩɜ 

ˊŮɟɘɞɢɩɜ, ɖ ŮűŬɟɛɞɔɐ ˊɟɧůɗŮŰɤɜ ɛɞɟűɞɚɞɔɘəɩɜ əŬɜɧɜɤɜ (ˊ.ɢ. əŬɗŮŰɧŰɖŰŬ əŬɘ ɚɧɔɞɠ 

ɛŮŰŬɝɨ Űɤɜ ˊɚŮɡɟɩɜ ə.Ɏ.) ɐ ŬəɧɛŬ əŬɘ ɖ Ŭɝɘɞˊɞɑɖůɖ ŭɘŬɗɏůɘɛɖɠ ́ ɟɧůɗŮŰɖɠ ́ ɚɖɟɞűɞɟɑŬɠ 

(ˊɞɚɚŬˊɚɏɠ ŮˊɘůŰɟɞűɏɠ əŬɘ Űɘɛɏɠ ɏɜŰŬůɖɠ ɔɘŬ ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR) ɏɢɞɡɜ 

ŬˊɞŭŮɘɢɗŮɑ ŬɟəŮŰɏɠ űɞɟɏɠ ŬɜŮˊŬɟəŮɑɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ɧŰŬɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ ɛɧɜɞɜ ɖ 

ɡɣɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ, ˊɟɞŰŮɑɜŮŰŬɘ ůɡɜɐɗɤɠ ɞ ůɡɜŭɡŬůɛɧɠ ŭɘŬűɧɟɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɛŮ ŬɡŰɎ Űɖɠ ŭɘŬɗɏůɘɛɖɠ ˊɟɧůɗŮŰɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ [179-181] (əŮűɎɚŬɘɞ 4). 
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ü ɆɡɜŭɡŬůɛɧ ɟŬŭɘɞɛŮŰɟɘəɐɠ əŬɘ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ: Ʉɞɚɚɏɠ ˊɟɞůŮɔɔɑůŮɘɠ əɎɜɞɡɜ 

ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ ŮŰŮɟɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɧˊɤɠ ůɡɜŭɡŬůɛɧ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR 

ɛŮ ŮɜŬɏɟɘŮɠ ɐ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ [146, 182-190]. ɄŬɟɎ Űɖɜ ŮɝŬɔɤɔɐ ɘŭɘŬɑŰŮɟŬ 

ɘəŬɜɞˊɞɘɖŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɖ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ ŮŰŮɟɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ ɡůŰŮɟŮɑ 

ɚɧɔɤ: 1) Űɞɡ ˊɟɧůɗŮŰɞɡ ɞɘəɞɜɞɛɘəɞɨ əɧůŰɞɡɠ ůɡɚɚɞɔɐɠ Űɞɡɠ, 2) Űɞɡ ˊɟɧůɗŮŰɞɡ 

ɡˊɞɚɞɔɘůŰɘəɞɨ əɧůŰɞɡɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ, əŬɘ 3) Űɤɜ ˊɘɗŬɜɩɜ ůɡůŰɖɛŬŰɘəɩɜ 

ůűŬɚɛɎŰɤɜ əŬŰɎ Űɞɜ ůɡɜŭɡŬůɛɧ Űɞɡɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ɞɘ ůɨɔɢɟɞɜŮɠ ŰɎůŮɘɠ ŰŮɑɜɞɡɜ 

ˊɟɞɠ Űɖɜ ŬɜɎˊŰɡɝɖ ɛŮɗɞŭɞɚɞɔɘɩɜ ˊɞɡ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ Ŭɝɘɞˊɞɑɖůɖɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ 

ɏɜŬ ŭɏəŰɖ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ Ůɘəɧɜɤɜ əŬɘ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ˊɟɞɥɧɜŰɤɜ Űɞɡɠ (ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM) [191-194] 

(əŮűɎɚŬɘŬ 4 əŬɘ 5). 

2.4.3.2 ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɓɎůŮɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ŰŮɢɜɘəɩɜ 

ȸɎůŮɘ Űɤɜ ŰŮɢɜɘəɩɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞ ŮɡɟɨŰŮɟɞ ˊŮŭɑɞ Űɖɠ ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ əŬɘ Űɖɠ 

ɇɖɚŮˊɘůəɧˊɖůɖɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɐ əŬɘ Űɞɡ ŮɜŰɞˊɘůɛɞɨ 

ɛŮŰŬɓɞɚɩɜ Űɞɡɠ, ɡˊɎɟɢɞɡɜ ŭɨɞ Ůɘŭɩɜ ɔŮɜɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ˊɞɡ ŮűŬɟɛɧɕɞɡɜ: 

ü TŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ (machine learning): ȼ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ ŮɑɜŬɘ ɡˊɞˊŮŭɑɞ Űɖɠ 

ŮˊɘůŰɐɛɖɠ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɖ ɛŮɚɏŰɖ Űɖɠ ŬɜŬɔɜɩɟɘůɖɠ ˊɟɞŰɨˊɤɜ 

(pattern recognition) əŬɘ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɗŮɤɟɑŬɠ ɛɎɗɖůɖɠ ůŰɖɜ ŰŮɢɜɖŰɐ ɜɞɖɛɞůɨɜɖ 

(artificial intelligence-AI). ȼ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ ɎɟɢɘůŮ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 

1980 əŬɘ ŮűŬɟɛɧůŰɖəŮ ɛŮ ŮˊɘŰɡɢɑŬ ůŮ ˊɞɚɚɎ ˊŮŭɑŬ ŮűŬɟɛɞɔɩɜ. ũŮɜɘəɎ, ɖ ɛɖɢŬɜɘəɐ 

ɛɎɗɖůɖ ɢɤɟɑɕŮŰŬɘ ůŮ ŰɏůůŮɟɘɠ əŬŰɖɔɧɟɘŮɠ: 1) ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ 

(supervised machine learning, 2) ɛɖ-ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ (unsupervised 

machine learning), 3) ɖɛɘ-ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ (semi-supervised learning), əŬɘ 4) 

ŮɜɘůɢɡŰɘəɐ ɛɎɗɖůɖ (reinforcement learning). ɆŰɖɜ ˊŬɟɎɔɟŬűɞ 2.4.4 ɔɑɜŮŰŬɘ ɖ ˊŮɟɘɔɟŬűɐ 

ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ. ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ɖ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɞɡɠ 

Ŭɚɔɧɟɘɗɛɞɡɠ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɎɗɖůɖɠ. 

ü ɇŮɢɜɘəɏɠ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ (model-based): Ƀɘ ŰŮɢɜɘəɏɠ ˊŬɟŬɛŮŰɟɘəɐɠ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Ŭɝɘɞˊɞɘɞɨɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɓɎůŮɘ 

ůɡɔəŮəɟɘɛɏɜɤɜ əŬɜɧɜɤɜ (ˊ.ɢ. ɔɘŬ ŰŬ əŰɑůɛŬŰŬ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɞɘ ɔŮɤɛŮŰɟɘəɏɠ ɐ əŬɘ ɞɘ 

ɛɞɟűɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ ə.Ɏ.). ũŮɜɘəɎ, ɞɘ ŰŮɢɜɘəɏɠ ŬɡŰɏɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɏůůŮɟɘɠ 

əŬŰɖɔɞɟɑŮɠ: 1) ůɡɜŰŬɨŰɘůɖ ˊɟɞŰɨˊɤɜ (template matching), 2) ɓŬůɘůɛɏɜŮɠ ůŮ ɔɜɩůɖ 

(knowledge-based), əŬɘ 3) ŬɜŰɘəŮɘɛŮɜɞůŰɟŬűɞɨɠ ŬɜɎɚɡůɖɠ (Ƀbject-ȸased Ƚmage 

ȷnalysis (OBIA) [2]. ɆŰɖɜ ˊŬɟɎɔɟŬűɞ 2.4.5 ɔɑɜŮŰŬɘ ɖ ˊŮɟɘɔɟŬűɐ ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ. 

ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ɖ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ 

ɔɜɩůɖ.  
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Ƀɘ ŭɨɞ ŬɡŰɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ɏɢɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɞɡɠ. ɋůŰɧůɞ ůŮ ŬˊŬɘŰɖŰɘəɏɠ 

ůəɖɜɏɠ, ɧˊɤɠ ɞɘ ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ, ɞ ŭɘŬɢɤɟɘůɛɧɠ ɛŮŰŬɝɨ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŰɟɞűɞŭɞŰɩɜŰŬɠ Űɞɜ ŮəɎůŰɞŰŮ Ŭɚɔɧɟɘɗɛɞ ŰŬɝɘɜɧɛɖůɖɠ (ŮɑŰŮ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɖɢŬɜɘəɐ 

ɛɎɗɖůɖ ŮɑŰŮ ɔɘŬ ˊŬɟŬɛŮŰɟɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ) ɛŮ ŰŬ əŬŰɎɚɚɖɚŬ ůŰɞɘɢŮɑŬ, ŭɖɚŬŭɐ əŬɜɎɚɘŬ, 

ŭŮɑəŰŮɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ. Ɇɡɜɐɗɤɠ, ɞɘ ŰŮɢɜɘəɏɠ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ 

əŬɜɧɜŮɠ, əɟɘŰɐɟɘŬ əŬɘ ˊŬɟŬɛɏŰɟɞɡɠ ɛŮ űɡůɘəɐ ůɖɛŬůɑŬ ˊɞɡ ŮɑɜŬɘ əŬŰŬɜɞɖŰɏɠ Ŭˊɧ Űɞɡɠ ɢɟɐůŰŮɠ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɘŬ ŰŬ əŰɑůɛŬŰŬ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɞɘ ɔŮɤɛŮŰɟɘəɏɠ ɐ əŬɘ ɞɘ ɛɞɟűɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

Űɞɡɠ ɧˊɤɠ ŰŬ normals, ɖ ŰɟŬɢɨŰɖŰŬ ůɖɛŮɑɤɜ ə.Ɏ. ɋůŰɧůɞ, ŬˊŬɘŰɞɨɜ ůɡɢɜɎ Űɖɜ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ 

ɔɜɩůɖ ůɢŮŰɘəɎ ɛŮ Űɞ ŮəɎůŰɞŰŮ ŬɜŰɘəŮɑɛŮɜɞ ŮɜŭɘŬűɏɟɞɜŰɞɠ əŬɘ Űɞɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ Űɨˊɞ 

ŭŮŭɞɛɏɜɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮűŬɟɛɧɕɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŮɝŮɘŭɘəŮɡɛɏɜɞɡɠ ɢɟɐůŰŮɠ. ɇɞ əɟɑůɘɛɞ 

əɞɛɛɎŰɘ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ ŬɡŰɩɜ Űɤɜ ŰŮɢɜɘəɩɜ ŮɑɜŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ əŬŰɤűɚɑɤɜ 

ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɡɠ əŬɜɧɜŮɠ, ŰŬ əɟɘŰɐɟɘŬ əŬɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ŮəɎůŰɞŰŮ ŮűŬɟɛɞɕɧɛŮɜɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ. ɆɡɢɜɎ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ ɜŬ ŭɘŬűɏɟɞɡɜ ɞɘ Űɘɛɏɠ Űɤɜ əŬŰɤűɚɑɤɜ ŬɜɎ ˊŮɟɘɞɢɐ 

ɛŮɚɏŰɖɠ ɐ ŬɜɎ Űɨˊɞ ŭŮŭɞɛɏɜɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ˊŮɟɘɞɟɑɕŮɘ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ ɤɠ ɔŮɜɘəŮɡɛɏɜŬ 

ɛɞɜŰɏɚŬ. ɆŰɖɜ ŮɡɟɨŰŮɟɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɑɜɞɜŰŬɘ ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ Űɞɜ ŬɡŰɧɛŬŰɞ əŬɗɞɟɘůɛɧ 

(tuning) Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɓɎůŮɘ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɐ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ Űɨˊɞɡ 

ŭŮŭɞɛɏɜɤɜ [1] [195].  

Ƀɘ ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɏɠ ɛɎɗɖůɖɠ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮɜůɤɛŬŰɩɜɞɡɜ əŬɜɧɜŮɠ ɔŮɜɘəɧŰŮɟɖɠ 

ɘůɢɨɞɠ, ɛɏůŬ Ŭˊɧ Űɖ ůɢŮŭɑŬůɖ ɛɞɜŰɏɚɤɜ ŬˊɧűŬůɖɠ ɐ Ŭɚɚɘɩɠ çɏɝɡˊɜɤɜè Ŭɚɔɞɟɑɗɛɤɜ. ȷɡŰɞɑ ɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮəˊŬɘŭŮɨɞɜŰŬɘ ɓɎůŮɘ ůɡɚɚŮɔɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ 

əŬɘ ɜŬ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ŬɡŰɐ Űɖ ŭɘŬɗɏůɘɛɖ ˊɚɖɟɞűɞɟɑŬ ɏŰůɘ ɩůŰŮ ɜŬ ŬɜŬɔɜɤɟɑɕɞɡɜ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

ŬɜŰɘəŮɑɛŮɜŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ Ɏɚɚɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɛŮ ˊŬɟɧɛɞɘŬ ŭŮŭɞɛɏɜŬ 

Ůɘůɧŭɞɡ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɖ ŭɘŬŭɘəŬůɑŬ ŭŮɜ ŬˊŬɘŰŮɑ ŮɝŮɘŭɘəŮɡɛɏɜɞɡɠ ɢɟɐůŰŮɠ ˊŬɟɎ ɛɧɜɞ Űɖ 

ůɡɚɚɞɔɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ɛɞɜŰɏɚɞɡ ŬˊɧűŬůɖɠ 

ˊŬɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ əŬɘ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚɏɔŮŰŬɘ əŬŰɧˊɘɜ ɛŮɚɏŰɖɠ Ŭˊɧ Űɖ ůɢŮŰɘəɐ ŭɘŮɗɜɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ.  

ɇɧůɞ ɞɘ ŰŮɢɜɘəɏɠ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ɧůɞ əŬɘ ɞɘ ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɏɢɞɡɜ 

ŮűŬɟɛɞůŰŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŰɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ əŬɘ Űɞɡ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ 

Űɞɡɠ [2] [10]. ɀɏɢɟɘ ůŰɘɔɛɐɠ, ŭɨůəɞɚŬ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŬˊɞűŬɜɗŮɑ ɔɘŬ Űɞ ˊɞɘŬ Ŭˊɧ Űɘɠ ŭɨɞ 

ˊɟɞůŮɔɔɑůŮɘɠ ŮɑɜŬɘ ɖ əŬɚɨŰŮɟɖ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ˊŬɟŬŰɑɗŮɜŰŬɘ əɎˊɞɘɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ:  

- Ƀ Űɨˊɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɘ ɖ ɢɤɟɘəɐ Űɞɡɠ ŬɜɎɚɡůɖ  

(ŬűɞɟɎ əŬɘ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŰŮɢɜɘəɩɜ). 

- Ƀ ɢɟɧɜɞɠ ůɡɚɚɞɔɐɠ əŬɘ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ əŬŰɎɚɚɖɚɤɜ ůŰɞɘɢŮɑɤɜ, ŭɖɚŬŭɐ əŬɜŬɚɘɩɜ, 

ŭŮɘəŰɩɜ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ 

əŰɘůɛɎŰɤɜ Ŭˊɧ ŰŬ ɎɚɚŬ ŬɜŰɘəŮɑɛŮɜŬ (ŬűɞɟɎ əŬɘ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŰŮɢɜɘəɩɜ). 
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- Ƀɘ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ ůŰŬɗɛɞɨ ŮɟɔŬůɑŬɠ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ (ŬűɞɟɎ əŬɘ Űɘɠ 

ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŰŮɢɜɘəɩɜ).  

- ȼ ŮɝŮɘŭɑəŮɡůɖ Űɞɡ ɢɟɐůŰɖ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŬůɢɞɚɖɗŮɑ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ (ŬűɞɟɎ əŬɘ Űɘɠ 

ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŰŮɢɜɘəɩɜ). 

- ȼ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɚɞɔɘůɛɘəɞɨ (ŬűɞɟɎ əŬɘ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŰŮɢɜɘəɩɜ).  

- Ƀ ɢɟɧɜɞɠ ůɡɚɚɞɔɐɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ (ŬűɞɟɎ Űɘɠ ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ). 

- Ƀ ɢɟɧɜɞɠ ŮɨɟŮůɖɠ Űɤɜ əŬŰɎɚɚɖɚɤɜ əŬŰɤűɚɑɤɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ (ŬűɞɟɎ Űɘɠ ŰŮɢɜɘəɏɠ 

ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ).  

- Ƀ ɢɟɧɜɞɠ Űɞɡ ŬɡŰɧɛŬŰɞɡ əŬɗɞɟɘůɛɞɨ (tuning) Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɐ ɡˊŮɟ-ˊŬɟŬɛɏŰɟɤɜ 

(ŬűɞɟɎ Űɘɠ ŰŮɢɜɘəɏɠ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ əŬɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ŬɜŰɑůŰɞɘɢŬ).  

2.4.4 ɀɖɢŬɜɘəɐ ɛɎɗɖůɖ 

2.4.4.1 ȷɚɔɧɟɘɗɛɞɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ 

ɆŰŬ [196-199] ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŰŮɢɜɘəɏɠ ɟɖɢɐɠ (shallow) ɐ ɓŬɗɘɎɠ (deep) ɛɖ-ŮˊɘɓɚŮˊɧɛŮɜɖɠ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ůɡɢɜɎ ŬˊɞəŬɚɞɨɛŮɜŮɠ əŬɘ ɤɠ clustering, ɧˊɤɠ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ Hierarchical 

clustering, k-Means, Gaussian mixture models, Self-organizing maps əŬɘ Hidden Markov models, 

Deep Embedded Clustering ə.Ɏ. ɆŰɖ ɛɖ-ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ Űɞ ůɨůŰɖɛŬ ɏɢŮɘ ůŰɧɢɞ 

ɜŬ ŬɜŬəŬɚɨɣŮɘ ůɡůɢŮŰɑůŮɘɠ (association rules) əŬɘ ɞɛɎŭŮɠ (clusters) Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ, ɓŬůɘɕɧɛŮɜɞ 

Õɧɜɞ ůŰɘɠ ɘŭɘɧŰɖŰɏɠ Űɞɡɠ ɐ Űɘɠ Űɘɛɏɠ Űɤɜ Ůɘəɞɜɞɣɖűɑŭɤɜ Űɞɡɠ. ɆŰɘɠ ŰɖɚŮˊɘůəɞˊɘəɏɠ ŬɜŬɚɨůŮɘɠ Űɞ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ɛɑŬ ŰŬɝɘɜɞɛɖɛɏɜɖ ŮɘəɧɜŬ, ɖ ɞˊɞɑŬ ɏɢŮɘ ˊɟɞəɨɣŮɘ Ŭˊɧ 

ˊɚɐɟɤɠ ŬɡŰɧɛŬŰŮɠ ŭɘŬŭɘəŬůɑŮɠ, ŭɖɚŬŭɐ ɢɤɟɑɠ Űɖɜ ˊŬɟɏɛɓŬůɖ Űɞɡ ɢɟɐůŰɖ ɛŮ Űɖ ɢɟɐůɖ ŭŮɘɔɛɎŰɤɜ 

ŮəˊŬɑŭŮɡůɖɠ. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŬɡŰɞɑ ɓɟɑůəɞɡɜ ůɡɢɜɎ ŮűŬɟɛɞɔɐ ɧŰŬɜ ɖ ɢŮɘɟɞəɑɜɖŰɖ ůɡɚɚɞɔɐ 

ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŭɨůəɞɚɖ əŬɘ ŬŭɡɜŬŰŮɑ ɜŬ ŮɑɜŬɘ ŬɜŰɘəŮɘɛŮɜɘəɐ. ɀŮ ŬɡŰɧ 

Űɞɜ Űɟɧˊɞ ŮəŰŮɚŮɑŰŬɘ ˊɟɩŰŬ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ŬɡŰɧɛŬŰɖɠ ɛɖ-ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ŬəɞɚɞɡɗɐůŮɘ ɛɑŬ ŮˊɘɓɚŮˊɧɛŮɜɖ ŰŬɝɘɜɧɛɖůɖ.  

ȯɚɚɖ ŰŮɢɜɘəɐ ɛɎɗɖůɖɠ ŮɑɜŬɘ ɖ ŮɜɘůɢɡŰɘəɐ ɛɎɗɖůɖ (reinforcement learning), ɧˊɞɡ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ɛŬɗŬɑɜŮɘ ɛɘŬ ůŰɟŬŰɖɔɘəɐ ŮɜŮɟɔŮɘɩɜ ɛɏůŬ Ŭˊɧ ɎɛŮůɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ. 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŮ ˊɟɞɓɚɐɛŬŰŬ ůɢŮŭɘŬůɛɞɨ (planning), ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ ɏɚŮɔɢɞɠ 

əɑɜɖůɖɠ ɟɞɛˊɧŰ əŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŮɟɔŬůɘɩɜ ůŮ ŮɟɔɞůŰŬůɘŬəɞɨɠ ɢɩɟɞɡɠ [200]. ȼ ɖɛɘ-

ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ (semi-supervised learning) ŮɑɜŬɘ ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ 

ŮˊɘɓɚŮˊɧɛŮɜɖɠ əŬɘ ɛɖ-ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ɧˊɞɡ ɖ ɛɎɗɖůɖ ɔɑɜŮŰŬɘ ɛŮ ůɡɜŭɡŬůɛɧ 

ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ɞɛɎŭɤɜ ŭŮŭɞɛɏɜɤɜ ɢɤɟɑɠ ŰɏŰɞɘŬ ˊɚɖɟɞűɞɟɑŬ. ɇɞ ˊɚŮɞɜɏəŰɖɛɎ Űɖɠ 

ŮɑɜŬɘ ˊɤɠ ŬɝɘɞˊɞɘŮɑ ŰŬ ŭɡɜŬŰɎ ůɖɛŮɑŬ Űɤɜ ŭɨɞ Ɏɚɚɤɜ Ŭɚɔɞɟɑɗɛɤɜ. ȸɟɑůəŮɘ ůɡɢɜɎ ŮűŬɟɛɞɔɐ ɧŰŬɜ: 

1) ɖ ɢŮɘɟɞəɑɜɖŰɖ ůɡɚɚɞɔɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɞɜɞɓɧɟŬ əŬɘ ŭɨůəɞɚɖ, 

ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ ŰɖɚŮˊɘůəɞˊɘəɏɠ ŬɜŬɚɨůŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɡˊŮɟűŬůɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ 

https://en.wikipedia.org/wiki/Semi-supervised_learning
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[201-203], əŬɘ 2) ɔɘŬ Űɖ ɛŮɑɤůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɡˊɞ-ˊɟɞůŬɟɛɞɔɐɠ (under-fitting). Ʉɞɚɚɏɠ 

űɞɟɏɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ ŮɑɜŬɘ əŬɚɨŰŮɟŬ Űɧůɞ Ŭˊɧ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɧůɞ 

əŬɘ Ŭˊɧ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ɛɖ- ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɎɗɖůɖɠ.  

ȼ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɎɗɖůɖɠ, ɛŮ ɓŬɗɘɎ ɐ əŬɘ 

ɧɢɘ, ŬɟɢɘŰŮəŰɞɜɘəɐ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ əŬɘ Űɞɡ 

ŮɜŰɞˊɘůɛɞɨ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡɠ (əŮűɎɚŬɘŬ 4 əŬɘ 5). ɆŰɖɜ ŮɡɟɨŰŮɟɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ 

ɡˊɎɟɢɞɡɜ ŬɜŰɑůŰɞɘɢɞɘ Ŭɚɔɧɟɘɗɛɞɘ, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŮ ŰɖɚŮˊɘůəɞˊɘəɏɠ 

ŬɜŬɚɨůŮɘɠ ɔɘŬ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ [204-206] ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ əŬɘ Űɖɠ ŬɜɑɢɜŮɡůɖɠ 

əŰɘůɛɎŰɤɜ əŬɘ Űɞɡ ŮɜŰɞˊɘůɛɞɨ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡɠ [158, 186-188, 193, 207-211]. ȺɜŭŮɘəŰɘəɎ 

ŬɜŬűɏɟɞɜŰŬɘ əɎˊɞɘɞɘ ŭɘŬŭŮŭɞɛɏɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ɛŮ ɓŬɗɘɎ ɐ ɧɢɘ 

ŬɟɢɘŰŮəŰɞɜɘəɐ, ɧˊɤɠ əŬɘ ˊŬɟŬɚɚŬɔɏɠ ŬɡŰɩɜ:  

1. ɇŬɝɘɜɞɛɖŰɐɠ ŮɔɔɨŰŮɟɞɡ ɔŮɑŰɞɜŬ (K-nearest Neighbour-Knn) [212]. 

2. ȹɏɜŰɟŬ ŰŬɝɘɜɧɛɖůɖɠ (CARTs ɐ Classification Trees) əŬɘ ɇɡɢŬɑŬ ŭɎůɖ (Random Forests) 

[213-216]. 

3. ɇŬɝɘɜɞɛɖŰɐɠ ŭɘŬɢɤɟɘůŰɘəɐ ŬɜɎɚɡůɖɠ (Discriminant Analysis) [217]. 

4. ɄɘɗŬɜɞɚɞɔɘəɧɠ ŰŬɝɘɜɞÕɖŰɐɠ (Naive bayes) [218]. 

5. ɇŬɝɘɜɞɛɖŰɐɠ Ůɜɑůɢɡůɖɠ (Adaboost) [219]. 

6. ɇɡɢŬɑŬ Ů́ŭɑŬ ɡ́ ɧ ůɡɜɗɐəɖ (Conditional Random Fields - CRFs) [220]. 

7. ɀŬɟəɞɓɘŬɜɎ ɇɡɢŬɑŬ ɄŮŭɑŬ (Markov Random Fields-MRFs) [221]. 

8. ɀɖɢŬɜɏɠ ȹɘŬɜɡůɛŬŰɘəɐɠ Ɉ́ ɞůŰɐɟɘɝɖɠ (Support Vector Machines-SVMs) [222-223]. 

9. ɇŮɢɜɖŰɎ ɁŮɡɟɤɜɘəɎ ȹɑəŰɡŬ (Artificial Neural Networks-ANN) [224-227]. 

10. ȾŬŰŬůəŮɡɐ ůɡɜŭɡŬůŰɘəɩɜ ŰŬɝɘɜɞɛɖŰɩɜ (ensemble machine learning) [205, 228-233]. 

11. ɆɡɜŮɚɘəŰɘəɎ ɁŮɡɟɤɜɘəɎ ȹɑəŰɡŬ (CNNs) [20]. 

ɆŮ ˊɞɚɚɏɠ ŮɟɔŬůɑŮɠ ɛɎɚɘůŰŬ, ɏɢɞɡɜ ɔɑɜŮɘ ůɡɔəɟɑůŮɘɠ əŬɘ ŬɝɘɞɚɞɔɐůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ůɡɛɓŬŰɩɜ 

Ŭɚɔɞɟɑɗɛɤɜ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɔɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡɠ ůŮ 

ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ [162, 205, 234-238]. ɇŬ ŭɏɜŰɟŬ ŰŬɝɘɜɧɛɖůɖɠ CARTs ŮɑɜŬɘ ŬˊɞŭɞŰɘəɎ ůŮ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɗɧɟɡɓɞ Ůɜɩ ɞ ˊɘɗŬɜɞɚɞɔɘəɧɠ ŰŬɝɘɜɞɛɖŰɐɠ Naive bayes ɛˊɞɟŮɑ ɜŬ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘ ŬɟəŮŰɎ ɘəŬɜɞˊɞɘɖŰɘəɎ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ əɚɎůŮɘɠ 

ŬəɧɛŬ əŬɘ ɛŮ Űɖ ɢɟɐůɖ ɛɘəɟɞɨ ˊɞůɞůŰɞɨ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ. Ƀ ŰŬɝɘɜɞɛɖŰɐɠ ŮɔɔɨŰŮɟɞɡ 

ɔŮɑŰɞɜŬ Knn ŬɜŬɕɖŰɎ əŬɘ ɞɛŬŭɞˊɞɘŮɑ Űɘɠ ŮɘəɞɜɞɣɖűɑŭŮɠ ˊɞɡ ɏɢɞɡɜ ɧɛɞɘŮɠ Űɘɛɏɠ ɛŮŰŬɝɨ Űɞɡɠ. 

ɄŬɟɎ Űɖ ůŰŬɗŮɟɐ əŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ Ŭˊɧŭɞůɐ Űɞɡ ůŮ ɞɛɞɘɞɔŮɜɐ ŭŮŭɞɛɏɜŬ, ɞ ɢɟɧɜɞɠ ŮəŰɏɚŮůɖɠ 

Űɞɡ ɗŮɤɟŮɑŰŬɘ ŬɟəŮŰɎ ɡɣɖɚɧɠ. ɇŬ Random Forests əŬɘ ɞɘ SVMs ɐŰŬɜ ɛɏɢɟɘ əŬɘ Űɞ 2010 ɞɘ ˊɘɞ 

Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɞɘ ŰŬɝɘɜɞɛɖŰɏɠ ɛŮ ɘŭɘŬɑŰŮɟŬ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. Ƀɘ SVMs ɏɢɞɡɜ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɢɟɐůɖɠ ɔɟŬɛɛɘəɩɜ (linear) ɐ ɛɖ-ɔɟŬɛɛɘəɩɜ (non-linear) ́ ɡɟɐɜɤɜ Ůɜɩ ˊŬɟɎɚɚɖɚŬ 
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ɛˊɞɟɞɨɜ ɜŬ ŮəŰŮɚŮůŰɞɨɜ ůŮ ɛɘəɟɧ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ. ɋůŰɧůɞ, ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɐ 

ŮɡŬɘůɗɖůɑŬ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘəɎɚɡɣɖɠ əɚɎůŮɤɜ əŬŰɎ Űɖ ůɡɚɚɞɔɐ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ. 

2.4.4.2 ȸŬɗɘɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ 

ȺɛˊɜŮɧɛŮɜɞɘ Ŭˊɧ ŰŬ ɓɘɞɚɞɔɘəɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ, əɎˊɞɘɞɘ ŮɟŮɡɜɖŰɏɠ əŬŰŬůəŮɨŬůŬɜ ŰŬ ŰŮɢɜɖŰɎ 

ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ANNs. ɇŬ  ANNs ŬˊɞŰɏɚŮůŬɜ ɛɑŬ ˊɟɞůˊɎɗŮɘŬ ˊɟɞůɏɔɔɘůɖɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ŮɔəŮűɎɚɞɡ əŬɘ Űɤɜ ɓɘɞɚɞɔɘəɩɜ ɜŮɡɟɩɜɤɜ Ŭˊɧ ɛɘŬ ɛɖɢŬɜɐ ɏɢɞɜŰŬɠ Űɖɜ ɘəŬɜɧŰɖŰŬ 

ɜŬ ŮəŰŮɚɞɨɜ ɡˊɞɚɞɔɘůɛɞɨɠ ɛŮ ɛŬɕɘəɧ ˊŬɟɎɚɚɖɚɞ Űɟɧˊɞ. ȰŰůɘ, əŬŰɎűŮɟŬɜ ɜŬ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ 

ˊɚɖɟɞűɞɟɑŮɠ ŬɜŰŬˊɞəɟɘɜɧɛŮɜŬ ŭɡɜŬɛɘəɎ ůŮ ŮɝɤŰŮɟɘəɎ ŮɟŮɗɑůɛŬŰŬ (Ůɘůɧŭɞɡɠ) ɛŮ Űɖ ɢɟɐůɖ 

ˊɞɚɚŬˊɚɩɜ ŰŮɢɜɖŰɩɜ ɜŮɡɟɩɜɤɜ. ɇŬ ANNs ɗŮɤɟɐɗɖəŬɜ Ŭˊɧ Űɞɡɠ ˊɘɞ ŮɨɟɤůŰɞɡɠ əŬɘ ŬɝɘɧˊɘůŰɞɡɠ 

ɔɟŬɛɛɘəɞɨɠ ɐ ɛɖ-ɔɟŬɛɛɘəɞɨɠ ŰŬɝɘɜɞɛɖŰɏɠ, ɏɢɞɜŰŬɠ ɤɠ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɜ Ŭɜɞɢɐ ůŮ 

ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ ÕŮ ɗɧɟɡɓɞ (fault-tolerant), ŭɖɚŬŭɐ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŮɟɘůŰŬůɘŬəɎ ɏɢɞɡɜ 

ŮůűŬɚɛɏɜŮɠ Űɘɛɏɠ (ˊ.ɢ. ɚɎɗɖ əŬŰŬɢɩɟɖůɖɠ). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Ŭɜ ɛɘŬ ůɨɜŭŮůɖ ŮɜŭɘɎɛŮůɞɡ 

Ůˊɘˊɏŭɞɡ ŭɘŬɔɟŬűŮɑ ɐ ɏɜŬ ɓɎɟɞɠ ŬɚɚɞɘɤɗŮɑ, ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ŭŮ ɗŬ ŮˊɖɟŮŬůŰŮɑ ɔɘŬŰɑ Űɞ 

ůɡɜɞɚɘəɧ ɛɏůɞ ůűɎɚɛŬ ŭŮ ɗŬ ŬɚɚɎɝŮɘ ůɖɛŬɜŰɘəɎ [200]. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ŮɑɢŬɜ ŮɡɟŮɑŬ ɢɟɐůɖ 

ɛɏɢɟɘ əŬɘ Űɞ 2000 ůŮ ŮűŬɟɛɞɔɏɠ ūɤŰɞɔɟŬɛɛŮŰɟɑŬɠ əŬɘ ɇɖɚŮˊɘůəɧˊɖůɖɠ. ɋůŰɧůɞ, ɖ ɡɣɖɚɐ Űɞɡɠ 

ɡˊɞɚɞɔɘůŰɘəɐ ˊɞɚɡˊɚɞəɧŰɖŰŬ ɩɗɖůŮ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ɜŬ ůŰɟŬűŮɑ ůŮ ˊɘɞ ŰŬɢŮɑŮɠ 

ŭɘŬŭɘəŬůɑŮɠ ŰŬɝɘɜɧɛɖůɖɠ, ɧˊɤɠ ŰŬ Random Forests əŬɘ ɞɘ SVMs.   

ȷˊɧ Űɞ 2010 ɛɏɢɟɘ ůɐɛŮɟŬ, ŰŬ ŰŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ɐɟɗŬɜ ɝŬɜɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛŮ ɜɏŬ 

ŭɞɛɐ, ŬɡŰɐ Űɖɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɘůɢɡɟɎ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ 

ɔɘŬ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ɡɣɖɚɐɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɞɚɡˊɚɞəɧŰɖŰɎɠ Űɞɡɠ. ȰŰůɘ, ɏɢɞɡɜ ɔɑɜŮɘ ˊɘŬ 

ŭɖɛɞűɘɚɐ ůŮ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɛɖ-ˊɟɞɓɚɏɣɘɛŮɠ ɚŮɘŰɞɡɟɔɑŮɠ, ůŮ ɗɏɛŬŰŬ ˊɟɧɓɚŮɣɖɠ 

(ɞɘəɞɜɞɛɑŬ, ŮˊɘɢŮɘɟɐůŮɘɠ, ɔŮɤɟɔɑŬ, ɛŮŰŮɤɟɞɚɞɔɑŬ ə.Ɏ.) ɧˊɤɠ əŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ɘŬŰɟɘəɐɠ, 

ˊŬɟŬŰɐɟɖůɖɠ ũɖɠ, ˊɚɖɟɞűɞɟɘəɐɠ əŬɘ ŰɖɚŮˊɘəɞɘɜɤɜɘɩɜ ə.Ɏ. ɆŰɘɠ ŮűŬɟɛɞɔɏɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

Ůɘəɧɜɤɜ ŰŬ ɓŬɗɘɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůɡɜɐɗɤɠ ɡˊɧ Űɖ ɛɞɟűɐ Űɤɜ CNNs. Ƀɘ ŰŮɢɜɘəɏɠ 

ŬɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ ůŮ ɓɘɞɚɞɔɘəɎ ˊɟɧŰɡˊŬ əŬɘ Ůˊɘŭɘɩəɞɡɜ ɜŬ ˊɟɞůɞɛɞɘɎůɞɡɜ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ 

ɞˊɞɑɞ ɞ Ŭɜɗɟɩˊɘɜɞɠ ŮɔəɏűŬɚɞɠ ɘŮɟŬɟɢŮɑ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ŬɜŬɔɜɤɟɑɕŮɘ ŬɜŰɘəŮɑɛŮɜŬ [239].  

ɆŰɖɜ ȺɘəɧɜŬ 2.11-ŬɟɘůŰŮɟɎ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ŰŮɢɜɖŰɞɨ ɜŮɡɟɩɜŬ Ůɜɧɠ ANN. ȾɎɗŮ 

ŰŮɢɜɖŰɧɠ ɜŮɡɟɩɜŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ Ůɘůɧŭɞɡɠ xi əŬɘ ɛɑŬ ɛɧɜɞ ɏɝɞŭɞ y. ȾɎɗŮ Ůɑůɞŭɞɠ xi 

çɕɡɔɑɕŮŰŬɘè ɛŮ ɏɜŬ ůɡɜŬˊŰɘəɧ ɓɎɟɞɠ w əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɗɟɞɑɕɞɜŰŬɘ ɛɏůɤ Űɖɠ ůɡɜɎɟŰɖůɖɠ f 

ŬɗɟɞɑůɛŬŰɞɠ (summation function). Ƀ ŰŮɢɜɖŰɧɠ ɜŮɡɟɩɜŬɠ ŭɑɜŮɘ ɏɝɞŭɞ ɛɏůɤ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

ŮɜŮɟɔɞˊɞɑɖůɖɠ (activation function) (ɐ Ŭɚɚɘɩɠ ůɡɜɎɟŰɖůɖ ɛŮŰŬűɞɟɎɠ (transfer function)), ɛɧɜɞ 

ɧŰŬɜ Űɞ ɕɡɔɘůɛɏɜɞ ɎɗɟɞɘůɛŬ Űɤɜ Ůɘůɧŭɤɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ ɛɘŬɠ ɞɟɘůɛɏɜɖɠ Űɘɛɐɠ əŬŰɤűɚɑɞɡ 

(threshold). ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ůɡɜŬɟŰɐůŮɤɜ ŮɜŮɟɔɞˊɞɑɖůɖɠ, ɧˊɤɠ ɓɖɛŬŰɘəɐ (step) 

ɐ əŬŰɤűɚɑɞɡ (threshold), ˊɟɞůɐɛɞɡ (sign), ůɘɔɛɞŮɘŭɐɠ (sigmoid ɐ logistic), ɡˊŮɟɓɞɚɘəɐ 

ŮűŬˊŰɞɛŮɜɘəɐ (tangent) əŬɘ ɔɟŬɛɛɘəɐ (linear). ȼ ɡˊŮɟɓɞɚɘəɐ ŮűŬˊŰɞɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ əŬɘ ɖ 
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ˊɟɧůűŬŰŬ ˊɟɞŰŮɘɜɧɛŮɜɖ ůɡɜɎɟŰɖůɖ ŮɜŮɟɔɞˊɞɑɖůɖɠ ˊɞɡ ɚɏɔŮŰŬɘ ɛɞɜɎŭŬ ɔɟŬɛɛɘəɐɠ Ŭɜɧɟɗɤůɖɠ 

(Rectified Linear Unit-ReLU) [240-241] ŮɜŭŮɑəɜɡɜŰŬɘ ɔɘŬ ɓŬɗɘɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ.  

ɆŮ ɏɜŬ ANN ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢɞɡɜ ŰŮɢɜɖŰɞɑ ɜŮɡɟɩɜŮɠ ŭɘŬűɞɟŮŰɘəɞɨ Űɨˊɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ, ŭɖɚŬŭɐ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ. ɇŬ ANNs ůɡɜɐɗɤɠ 

ɞɟɔŬɜɩɜɞɜŰŬɘ ůŮ ŮˊɑˊŮŭŬ (layers), ŰŬ ɞˊɞɑŬ əŬɚɞɨɜŰŬɘ əŬɘ ůŰɟɩɛŬŰŬ. ɇŬ ŮˊɑˊŮŭŬ ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ɏɜŬɜ Ŭɟɘɗɛɧ ɜŮɡɟɩɜɤɜ, ˊɞɡ ŮɑɜŬɘ ɏŰůɘ ůɡɜŭŮŭŮɛɏɜɞɘ ɛŮŰŬɝɨ Űɞɡɠ ɩůŰŮ ɞ əɎɗŮ ɜŮɡɟɩɜŬɠ ɜŬ 

ůɡɜŭɏŮŰŬɘ ɛŮ ˊɞɚɚɞɨɠ Ɏɚɚɞɡɠ ɜŮɡɟɩɜŮɠ Űɞɡ ɑŭɘɞɡ ɐ Ɏɚɚɞɡ Ůˊɘˊɏŭɞɡ. ɆŰɖɜ ȺɘəɧɜŬ 2.11-ŭŮɝɘɎ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ɏɜŬ Űɡˊɘəɧ ANN Űɞ ɞˊɞɑɞ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ŰɟɑŬ ŭɘŬŭɞɢɘəɎ ŮˊɑˊŮŭŬ: 1) Űɞ ŮˊɑˊŮŭɞ 

Ůɘůɧŭɞɡ (input layer), 2) Űɞ əɟɡűɧ ŮˊɑˊŮŭɞ (hidden layer), əŬɘ 3) Űɞ ŮˊɑˊŮŭɞ Ůɝɧŭɞɡ (output layer). 

ɇɞ ŮˊɑˊŮŭɞ Ůɘůɧŭɞɡ ˊŮɟɘɏɢŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ Ůɜɩ Űɞ ŮˊɑˊŮŭɞ Ůɝɧŭɞɡ ˊŮɟɘɏɢŮɘ Űɞ ŰŮɚɘəɧ 

ɛɞɜŰɏɚɞ ŬˊɧűŬůɖɠ, ŭɖɚŬŭɐ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ. ɇɞ əɟɡűɧ ŮˊɑˊŮŭɞ ɛˊɞɟŮɑ ɜŬ 

ůɡɜŭɏŮɘ ŰŬ ŮˊɑˊŮŭŬ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ ɛŮŰŬɝɨ Űɞɡɠ. ɋůŰɧůɞ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɡˊɎɟɢŮɘ. Ƀ 

Ŭɟɘɗɛɧɠ Űɤɜ əɟɡűɩɜ Ůˊɘˊɏŭɤɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ɏɜŬ ANN ɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ ůɢŮŭɘŬůŰɐ Űɞɡ əŬɘ 

ŮˊɖɟŮɎɕŮɘ Űɞ ɓɎɗɞɠ Űɞɡ, ŭɖɚŬŭɐ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɗŬ ɛŮŰŬűɏɟŮŰŬɘ ɖ ˊɚɖɟɞűɞɟɑŬ Ŭˊɧ Űɞ 

ŮˊɑˊŮŭɞ Ůɘůɧŭɞɡ ůŰɞ ŮˊɑˊŮŭɞ Ůɝɧŭɞɡ. ɇɞ ɛɞɜŰɏɚɞ ŬɘůɗɖŰɐɟŬ (perceptron) ɐŰŬɜ Ŭˊɧ ŰŬ ˊɟɩŰŬ 

ɛɞɜŰɏɚŬ ANN Űɞ ɞˊɞɑɞ ŭŮɜ ˊŮɟɘŮɑɢŮ əŬɗɧɚɞɡ əɟɡűɎ ŮˊɑˊŮŭŬ, ŭɖɚŬŭɐ ŬˊɞŰŮɚɞɨɜŰŬɜ ɛɧɜɞ Ŭˊɧ Űɞ 

ŮˊɑˊŮŭɞ Ůɘůɧŭɞɡ əŬɘ Űɞ ŮˊɑˊŮŭɞ Ůɝɧŭɞɡ. ȹŮŭɞɛɏɜɖɠ Űɖɠ Ŭˊɚɐɠ Űɞɡ ŬɟɢɘŰŮəŰɞɜɘəɐɠ əŬɘ Űɖɠ 

ɘəŬɜɧŰɖŰŬɠ ŭɘŬɢŮɑɟɘůɖɠ ɛɧɜɞ ɔɟŬɛɛɘəɩɜ ŭɘŬɢɤɟɑůɘɛɤɜ ˊɟɞɓɚɖɛɎŰɤɜ, Űɞ ɛɞɜŰɏɚɞ ŬɡŰɧ 

ŮɝŮɚɑɢɗɖəŮ ɛŮ ŰŬ ɢɟɧɜɘŬ ůŮ ˊɞɚɨ-ŮˊɑˊŮŭɞ ŬɘůɗɖŰɐɟŬ (Multi-Layer Perceptron-MLP). ȼ əɨɟɘŬ 

ŭɘŬűɞɟɎ Űɤɜ ŬɟɢɘŰŮəŰɞɜɘəɩɜ MLP ɛŮ ŬɡŰɩɜ Űɤɜ Ŭˊɚɩɜ ŬɘůɗɖŰɐɟɤɜ, ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ Ůɜɧɠ ɐ 

ˊŮɟɘůůɞŰɏɟɤɜ əɟɡűɩɜ Ůˊɘˊɏŭɤɜ. ȷɡŰɎ ŰŬ Ůˊɘˊɚɏɞɜ ŮˊɑˊŮŭŬ ɧɢɘ ɛɧɜɞ ŬɡɝɎɜɞɡɜ əŬŰɎ ˊɞɚɨ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ ŰŮɢɜɖŰɩɜ ɜŮɡɟɩɜɤɜ ŬɚɚɎ ŭɑɜɞɡɜ, Ůˊɑůɖɠ, Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ ůɡɜɗŮŰɧŰŮɟɤɜ 

ůɡɜŬɟŰɐůŮɤɜ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ Űɞ ANN ɛˊɞɟŮɑ ɜŬ ŬɜŰŬˊɞəɟɘɗŮɑ ůŮ ŬˊŬɘŰɖŰɘəɧŰŮɟŬ 

ˊɟɞɓɚɐɛŬŰŬ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ŰŮɢɜɖŰɩɜ ɜŮɡɟɩɜɤɜ ůŰŬ əɟɡűɎ ŮˊɑˊŮŭŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ ˊɞɚɨˊɚɞəɞ 

Űɟɧˊɞ ɛŮ: 

- Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŰŮɢɜɖŰɩɜ ɜŮɡɟɩɜɤɜ ůŰŬ ŮˊɑˊŮŭŬ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ, 

- Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Űɖɜ ɨˊŬɟɝɖ ɐ ɧɢɘ ɗɞɟɨɓɞɡ ůŮ ŬɡŰɎ, 

- Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮəˊŬɘŭŮɡŰŮɑ Űɞ ANN, 

- Űɘɠ ůɡɜŬɟŰɐůŮɘɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, 

- Űɞɜ Ŭɚɔɧɟɘɗɛɞ ŮəˊŬɑŭŮɡůɖɠ, ə.ɚˊ. 

ȰɜŬɠ ŮɛˊŮɘɟɘəɧɠ əŬɜɧɜŬɠ ŮɑɜŬɘ ˊɤɠ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŰŮɢɜɖŰɩɜ ɜŮɡɟɩɜɤɜ ůŰŬ əɟɡűɎ ŮˊɑˊŮŭŬ ˊɟɏˊŮɘ 

ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ ŭɘŬɜɡůɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

Űɖɠ ɡˊŮɟ-ˊɟɞůŬɟɛɞɔɐɠ (over-fitting) [225]. ȺɜŭŮɘəŰɘəɎ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŮűŬɟɛɧůŮɘ Űɖ ɜɧɟɛŬ: 

Ŭɟɘɗɛɧɠ ɜŮɡɟɩɜɤɜ=|ˊɚɐɗɞɠ əŬɜŬɚɘɩɜ Űɖɠ ŮɘəɧɜŬɠ Ůɘůɧŭɞɡ + ˊɚɐɗɞɠ ŮˊɘɗɡɛɖŰɩɜ əɚɎůŮɤɜ|/2. Ƀɘ 

ŰŮɢɜɖŰɞɑ ɜŮɡɟɩɜŮɠ Űɤɜ ŭɘŬűɧɟɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ ANN ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ˊɚɐɟɤɠ ůɡɜŭŮŭŮɛɏɜɞɘ 
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(Fully Connected-FC) ŮɑŰŮ ɛŮɟɘəɩɠ ůɡɜŭŮŭŮɛɏɜɞɘ (Partially Connected-PC). ȺˊɘˊɟɞůɗɏŰɤɠ, ŰŬ 

ŰŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ɛˊɞɟɞɨɜ ɜŬ ɢŬɟŬəŰɖɟɘůɗɞɨɜ ɤɠ ˊɟɧůɗɘŬɠ ŰɟɞűɞŭɧŰɖůɖɠ (feed 

forward) ɐ ŬɜŬŰɟɞűɞŭɧŰɖůɖɠ (feedback ɐ recurrent), ŭɖɚŬŭɐ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ 

ɛŮŰŬŭɑŭɞɡɜ Űɖɜ ˊɚɖɟɞűɞɟɑŬ ůŰɞɡɠ ŰŮɢɜɖŰɞɨɠ ɜŮɡɟɩɜŮɠ.  

  

ȺɘəɧɜŬ 2.11: ɀɞɜŰɏɚɞ ŰŮɢɜɖŰɞɨ ɜŮɡɟɩɜŬ (ŬɟɘůŰŮɟɎ), Ʉɚɐɟɤɠ ůɡɜŭŮŭŮɛɏɜɞ ANN/MLP ˊɟɧůɗɘŬɠ ŰɟɞűɞŭɧŰɖůɖɠ ɛŮ 

ɏɜŬ əɟɡűɧ ŮˊɑˊŮŭɞ (ŭŮɝɘɎ). Ʉɖɔɐ: [225] 

ɇŬ ɓŬɗɘɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ŬˊɞŰŮɚɞɨɜ ŮˊŮəŰɎůŮɘɠ Űɤɜ Űɡˊɘəɩɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ ANN. ɆŰɖɜ 

ˊɟɎɝɖ, ŰŬ ŰŮɚŮɡŰŬɑŬ ŮˊɑˊŮŭŬ ɜŮɡɟɩɜɤɜ ůŮ ɏɜŬ ɓŬɗɨ ɜŮɡɟɤɜɘəɧ ŭɑəŰɡɞ CNN ŮɑɜŬɘ ůɡɜɐɗɤɠ ɏɜŬ 

ŭɑəŰɡɞ MLP. ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ, ŭɖɚŬŭɐ, ŮɑɜŬɘ ůŰŬ ŮˊɑˊŮŭŬ ɜŮɡɟɩɜɤɜ ˊɞɡ ˊɟɞɖɔɞɨɜŰŬɘ Űɞɡ MLP. 

ɄŬɟŬəɎŰɤ ŬɜŬűɏɟɞɜŰŬɘ ŭɨɞ ɓŬůɘəɎ ŮˊɑˊŮŭŬ ɜŮɡɟɩɜɤɜ ˊɞɡ ŭɘɏˊɞɡɜ ɏɜŬ CNN əŬɘ ˊɟɞɖɔɞɨɜŰŬɘ 

Űɞɡ MLP: 

1. ɆɡɜŮɚɘəŰɘəɎ ŮˊɑˊŮŭŬ (Convolutional Layers): ɇŬ ůɡɜŮɚɘəŰɘəɎ ŮˊɑˊŮŭŬ C ŰɞˊɞɗŮŰɞɨɜŰŬɘ 

ůŰɖɜ Ŭɟɢɐ Űɞɡ ɓŬɗɘɞɨ ɜŮɡɟɤɜɘəɞɨ ŭɘəŰɨɞɡ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊŮɜŮɟɔɐůɞɡɜ ŬűŬɘɟŮŰɘəɎ 

ůŰɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɖɠ Ůɘůɧŭɞɡ ɛŮɘɩɜɞɜŰŬɠ Űɞɜ ŭɘŬɜɡůɛŬŰɘəɧ ɢɩɟɞ Űɖɠ, 

ŮəɛŮŰŬɚɚŮɡɧɛŮɜŬ Űɖ ɢɤɟɘəɐ ŮˊŬɜŬɚɖˊŰɘəɧŰɖŰŬ ůɡɔəŮəɟɘɛɏɜɤɜ ɛɞŰɑɓɤɜ ˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɘɠ űɡůɘəɏɠ ŮɘəɧɜŮɠ. ɀɘŬ Ŭˊɧ Űɘɠ ɡˊɞůɢɏůŮɘɠ Űɤɜ CNNs ŮɑɜŬɘ ɖ 

ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ ˊɟɞůɢŮŭɘŬůɛɏɜɤɜ ŮɝŬɔɤɔɏɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ/űɑɚŰɟɤɜ, ɧˊɤɠ ŰŬ 

űɑɚŰɟŬ gabor [242], ɛŮ ŬˊɞŰŮɚŮůɛŬŰɘəɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛɎɗɖůɖɠ ŬɡŰɩɜ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ȰɜŬ ůɡɜŮɚɘəŰɘəɧ űɑɚŰɟɞ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ Ŭˊɧ ɛɑŬ ɡˊɞ-ˊŮɟɘɞɢɐ ɖ 

ɞˊɞɑŬ əŬɚŮɑŰŬɘ ůɡɜŮɚɘəŰɘəɧɠ ˊɡɟɐɜŬɠ. Ƀ ůɡɜŮɚɘəŰɘəɧɠ ˊɡɟɐɜŬɠ ŮɑɜŬɘ əŬŰɎ ˊɞɚɨ 

ɛɘəɟɧŰŮɟɞɠ ɢɤɟɘəɎ Ŭˊɧ Űɖɜ Ůɑůɞŭɞ. ȾɎɗŮ ůɡɜŮɚɘəŰɘəɧ ŮˊɑˊŮŭɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɞɚɚɎ 

űɑɚŰɟŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ůŰɞɘɢɘůɛɏɜŬ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɖ Ŭˊɧəɟɘůɖ Űɞɡɠ ůŰɖɜ ɏɝɞŭɞ ɜŬ 

ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŰɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ Űɖɠ Ůɘůɧŭɞɡ (ɖ ɞˊɞɑŬ ɞɜɞɛɎɕŮŰŬɘ əŬɘ ŭŮəŰɘəɧ ˊŮŭɑɞ). 

ɇŬ űɑɚŰɟŬ ůŬɟɩɜɞɡɜ Űɖɜ Ůɑůɞŭɞ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ŰŬ ŭŮəŰɘəɎ ˊŮŭɑŬ ɜŬ ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ŬɚɚɖɚŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ Ůɘůɧŭɞɡ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŬɢɗŮɑ ɛɘŬ ˊɘɞ ɞɛŬɚɐ 

ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŮɘůŬɔɧɛŮɜɖɠ ŮɘəɧɜŬɠ/ŭŮɑɔɛŬŰɞɠ. ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ɞɜɞɛɎɕŮŰŬɘ 

ŭɘŬɛɞɘɟŬůɛɧɠ ɓŬɟɩɜ (weight sharing). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ɡˊɧ ɛɎɗɖůɖ ˊŬɟɎɛŮŰɟɞɘ 
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ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ˊɚɐɗɞɠ 3ȹ űɑɚŰɟɤɜ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ɏɜŬɜ 4ȹ ɧɔəɞ ɓŬɟɩɜ əŬɘ 

ˊɟɞŬɘɟŮŰɘəɎ, ŬɚɚɎ ůɡůŰɐɜŮŰŬɘ, əɎɗŮ űɑɚŰɟɞ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɏɢŮɘ ɛɘŬ ˊɧɚɤůɖ [243]. ȼ 

Ůɑůɞŭɞɠ Ůɜɧɠ Űɡˊɘəɞɨ ɜŮɡɟɩɜŬ Űɞɡ ůɡɜŮɚɘəŰɘəɞɨ Ůˊɘˊɏŭɞɡ ŮɑɜŬɘ ɏɜŬɠ 3ȹ ɧɔəɞɠ 

ŭŮŭɞɛɏɜɤɜ. Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ əɎɗŮ ɜŮɡɟɩɜŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ: ɨɣɞɠ, ˊɚɎŰɞɠ əŬɘ ɓɎɗɞɠ. 

ȾŬŰɎ Űɞ ɓɎɗɞɠ, ɞ ɜŮɡɟɩɜŬɠ ŮɑɜŬɘ ˊɚɐɟɤɠ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ Űɞ ŭŮəŰɘəɧ Űɞɡ ˊŮŭɑɞ. ȾŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ŭɘɎŭɞůɖɠ ɞ ɜŮɡɟɩɜŬɠ ůŬɟɩɜŮɘ Űɖɜ Ůɑůɞŭɞ əŬɗô ɨɣɞɠ əŬɘ ˊɚɎŰɞɠ 

ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ 3ȹ ŮůɤŰŮɟɘəɎ ɔɘɜɧɛŮɜŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɎɗŮ űɞɟɎ 

ůŰɞ ŭŮəŰɘəɧ Űɞɡ ˊŮŭɑɞ əŬɘ ˊŬɟɎɔŮɘ ɏɜŬɜ 2ȹ ˊɑɜŬəŬ, ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑ Űɞɜ ɢɎɟŰɖ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ Ůɘůɧŭɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬɡŰɧɠ ɞ ˊɑɜŬəŬɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůŰɖ 

ůɡɜɎɟŰɖůɖ ŮɜŮɟɔɞˊɞɑɖůɖɠ əŬɘ ŮɝɎɔɞɜŰŬɘ ɞɘ ŮɜŮɟɔɞˊɞɘɐůŮɘɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɏɜŬɜ ɛɖ-

ɔɟŬɛɛɘəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɞɡ ɢɎɟŰɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ȺɘəɧɜŬ 2.12). ȹɨɞ ŮˊɘˊɟɧůɗŮŰŮɠ 

ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ ůŰɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ Űɞ ɓɐɛŬ (stride) əŬɘ 

Űɞ ɔɏɛɘůɛŬ (zero padding). ɇɞ ɓɐɛŬ ŮɑɜŬɘ ɖ ɡˊŮɟ-ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ əŬɗɞɟɑɕŮɘ ˊɧůɞ ˊɡəɜɐ 

ɗŬ ŮɑɜŬɘ ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɖɠ Ůɘůɧŭɞɡ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, Űɞ ɓɐɛŬ əŬɗɞɟɑɕŮɘ ˊɧůŮɠ ɢɤɟɘəɏɠ 

ɛɞɜɎŭŮɠ (ˊ.ɢ. ŮɘəɞɜɞɣɖűɑŭŮɠ) ɗŬ ɛŮŰŬəɘɜŮɑŰŬɘ Űɞ ŭŮəŰɘəɧ ˊŮŭɑɞ Űɞɡ ůɡɜŮɚɘəŰɘəɞɨ 

Ůˊɘˊɏŭɞɡ ɞɟɘɕɞɜŰɑɤɠ əŬɘ əŬɗɏŰɤɠ. ɇɞ ɔɏɛɘůɛŬ ŮɑɜŬɘ ɖ ɡˊŮɟ-ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɔŮɛɑůŮɘ ɛŮ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ Űɞ ˊŮɟɑɔɟŬɛɛŬ Űɖɠ Ůɘůɧŭɞɡ. ȷɡŰɧ Űɞ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ɔŮɛɑůɛŬŰɞɠ ɛŮ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůŮɘ ůɖɛŬɜŰɘəɎ ůŮ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ ŭɘŬŰɐɟɖůɖ Űɤɜ ɢɤɟɘəɩɜ ŭɘŬůŰɎůŮɤɜ Űɖɠ Ůɘůɧŭɞɡ əŬɘ ɖ 

ˊŮɟŬɘŰɏɟɤ ŮűŬɟɛɞɔɐ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɛŮɔɏɗɞɡɠ ˊɡɟɐɜŬ ɔɘŬ Űɖ ůɎɟɤůɖ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ɞɘ Űɘɛɏɠ Űɤɜ ɡˊŮɟ-ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɏɜŬ CNN ˊɞɘəɑɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ. Ƀ Űɟɧˊɞɠ ɛŮ Űɞɜ 

ɞˊɞɑɞ ɚŮɘŰɞɡɟɔɞɨɜ ŰŬ CNNs ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ˊɞɚɨˊɚɞəɞɠ əŬɘ ɛŮ ŭɡůəɞɚɑŬ ɛˊɞɟɞɨɜ ɜŬ 

əŬŰŬɜɞɖɗɞɨɜ ˊɚɐɟɤɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŮɝɎɔɞɜŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůˊɏɚŬůɖɠ 

Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ůŰŬ ůɡɜŮɚɘəŰɘəɎ ŮˊɑˊŮŭŬ. ɆŰɞ [244] ɏɔɘɜŮ ɛɑŬ ˊɟɞůˊɎɗŮɘŬ ŬˊŮɘəɧɜɘůɖɠ 

Űɞ ŮɝŬɢɗɏɜŰɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬŰŬɚɐɔɞɜŰŬɠ ůŰɞ ůɡɛˊɏɟŬůɛŬ ˊɤɠ ŰŬ ɢŬɛɖɚɧŰŮɟŬ 

ŮˊɑˊŮŭŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ˊɟɧŰɡˊŬ Ŭəɛɩɜ (edges) Ůɜɩ ŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ Ŭűɖɟɖɛɏɜɖɠ (abstract) 

ˊɚɖɟɞűɞɟɑŬɠ. ȯɚɚɖ ŮɜŭɘŬűɏɟɞɡůŬ ŮɟɔŬůɑŬ ůŰɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ŬˊŮɘəɧɜɘůɖ Űɤɜ 

ŮɝŬɢɗɏɜŰɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɓɟɑůəŮŰŬɘ ůŰɞ [245]. ɆɡɜɞɣɑɕɞɜŰŬɠ, ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ 

Ůɜɧɠ ůɡɜŮɚɘəŰɘəɞɨ ŭɘəŰɨɞɡ ɢɟŮɘɎɕŮŰŬɘ Ŭˊɧ Űɞ ůɢŮŭɘŬůŰɐ Űɞɡ ɞ əŬɗɞɟɘůɛɧɠ Űɤɜ ˊŬɟŬəɎŰɤ 

ɡˊŮɟ-ˊŬɟŬɛɏŰɟɤɜ: 1) Űɞ ˊɚɐɗɞɠ Űɤɜ ůɡɜŮɚɘəŰɘəɩɜ ˊɡɟɐɜɤɜ/űɑɚŰɟɤɜ, 2) Űɞ ɢɤɟɘəɧ 

ɛɏɔŮɗɞɠ Űɤɜ ůɡɜŮɚɘəŰɘəɩɜ ˊɡɟɐɜɤɜ (ɨɣɞɠĬ́ ɚɎŰɞɠ), 3) Űɞ ɓɐɛŬ ɛŮŰŬŰɧˊɘůɖɠ Űɞɡ 

ŭŮəŰɘəɞɨ ˊŮŭɑɞɡ Űɤɜ ˊɡɟɐɜɤɜ, 4) Űɞ ˊɞůɧ ɔŮɛɑůɛŬŰɞɠ ɛŮ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ əŬŰɎ Űɞ ɨɣɞɠ 

əŬɘ ˊɚɎŰɞɠ Űɞɡ ɧɔəɞɡ ŮɘůŬɔɤɔɐɠ, 5) Űɖ ɢɟɐůɖ ɐ ɧɢɘ ˊɞɚɩůŮɤɜ [243] [246]. 
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ȺɘəɧɜŬ 2.12: ɄŬɟɎŭŮɘɔɛŬ Ůɘůɧŭɞɡ/Ůɝɧŭɞɡ ůɡɜŮɚɘəŰɘəɞɨ Ůˊɘˊɏŭɞɡ ɛŮ 96 űɑɚŰɟŬ ˊɡɟɐɜɤɜ ɛŮɔɏɗɞɡɠ 7Ĭ7Ĭ3 

əŬɘ ɓɐɛŬŰɞɠ 3. Ʉɖɔɐ: [243] 

 

2. ȺˊɑˊŮŭŬ ůɡɔəɏɜŰɟɤůɖɠ (Pooling Layers): ɇŬ ŮˊɑˊŮŭŬ ůɡɔəɏɜŰɟɤůɖɠ P ŮəŰŮɚɞɨɜ ɛɑŬ 

ŭɘŬŭɘəŬůɑŬ ɢɤɟɘəɐɠ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (down-sampling) əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůɡɜɐɗɤɠ 

ɛŮŰɎ Ŭˊɧ ŰŬ ůɡɜŮɚɘəŰɘəɎ ŮˊɑˊŮŭŬ  (ȺɘəɧɜŬ 2.13). ȼ ŮűŬɟɛɞɔɐ ŬɡŰɩɜ Űɤɜ Ůˊɘˊɏŭɤɜ ɏɢŮɘ 

ɤɠ ůŰɧɢɞ: 1) Űɖɜ ˊŮɟŬɘŰɏɟɤ ɛŮɑɤůɖ Űɞɡ ŭɘŬɜɡůɛŬŰɘəɞɨ ɢɩɟɞɡ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (əŬɘ 

ɎɟŬ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ), əŬɘ 2) Űɖ ɛŮɑɤůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ 

Űɖɠ ɡˊŮɟ-ˊɟɞůŬɟɛɞɔɐɠ Űɞɡ ŭɘəŰɨɞɡ. ɀŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Ůɜɧɠ Ůˊɘˊɏŭɞɡ ůɡɔəɏɜŰɟɤůɖɠ, 

Űɞ ɓɎɗɞɠ Űɞɡ ˊɡɟɐɜŬ ɢɤɟɘəɐɠ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ŭɖɚŬŭɐ Űɞɡ ŭɘŬɜɡůɛŬŰɘəɞɨ ɢɩɟɞɡ, 

ˊŬɟŬɛɏɜŮɘ ŬɜŮˊɖɟɏŬůŰɞ. ɇɞ ɛɧɜɞ ˊɞɡ ɛŮɘɩɜŮŰŬɘ ŮɑɜŬɘ ɞɘ 2ȹ ɢɤɟɘəɏɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ, 

ŭɖɚŬŭɐ Űɞ ˊɚɎŰɞɠ əŬɘ Űɞ ɛɐəɞɠ Űɞɡ.  

               

ȺɘəɧɜŬ 2.13: ɄŬɟɎŭŮɘɔɛŬ ɞˊŰɘəɐɠ ŬˊŮɘəɧɜɘůɖɠ ůɡɜŮɚɘəŰɘəɞɨ Ůˊɘˊɏŭɞɡ ɛɞɜɞɨ ɓɐɛŬŰɞɠ ˊɞɡ ŰɟɞűɞŭɞŰŮɑ ɏɜŬ 

ŮˊɑˊŮŭɞ ůɡɔəɏɜŰɟɤůɖɠ. Ʉɖɔɐ: [243] 

ũŮɜɘəɧŰŮɟŬ ŰŬ ŮˊɑˊŮŭŬ ůɡɔəɏɜŰɟɤůɖɠ ŭɏɢɞɜŰŬɘ ɤɠ Ůɑůɞŭɞ Űɞɜ ŭɘŬɜɡůɛŬŰɘəɧ ɢɩɟɞ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ŭˊɧ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ůɡɜŮɚɘəŰɘəɧ ŮˊɑˊŮŭɞ əŬɘ ɏɢɞɡɜ ɤɠ ɏɝɞŭɞ ɛɑŬ 

ɛɞɜŬŭɘəɐ Űɘɛɐ. ȼ Űɘɛɐ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ ɛɑŬ ůŰɞɢŬůŰɘəɐ ɡˊɞ-

ŭŮɘɔɛŬŰɞɚɖɣɑŬ (stochastic pooling) ɐ ɜŬ ŮˊɘɚɏɔŮŰŬɘ ɓɎůŮɘ Űɞɡ ɛɏůɞɡ ɧɟɞɡ (average 

pooling) ɐ Űɖɠ ɛɏɔɘůŰɖɠ Űɘɛɐɠ (max pooling) (ȺɘəɧɜŬ 2.14). ɇŬ ŮˊɑˊŮŭŬ ɛɏɔɘůŰɖɠ 



61 

 

ůɡɔəɏɜŰɟɤůɖɠ (max pooling) ɏɢɞɡɜ ŬˊɞŭŮɘɢɗŮɑ ɤɠ ŰŬ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɎ əŬɗɩɠ 

ŬɜŬŭŮɘəɜɨɞɡɜ ŰŬ ůŰɞɘɢŮɑŬ ɛŮ ŰŬ ˊɘɞ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ [247]. ɄŬɟɧɚŬ ŬɡŰɎ ɖ 

ɢɟɐůɖ Űɤɜ Ůˊɘˊɏŭɤɜ ůɡɔəɏɜŰɟɤůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɛŮ ˊɟɞůɞɢɐ əŬɗɩɠ ɞ Űɟɧˊɞɠ ˊɞɡ 

ŮˊŮɜŮɟɔɞɨɜ ůŰɖ ɛŮɑɤůɖ Űɤɜ ŭɘŬůŰɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ˊɟɞɓɚɐɛŬŰŬ 

ɔŮɜɑəŮɡůɖɠ. ɆŰɖɜ ŰŬɝɘɜɧɛɖůɖ ɛɘəɟɩɜ ůŮŰ ŭŮŭɞɛɏɜɤɜ ɛŮ ɏɜŰɞɜŮɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ 

əŬŰɖɔɞɟɘɩɜ Űɞɡɠ, ɖ ɛŮɑɤůɖ ŬɡŰɐ ŮɑɜŬɘ ɢɟɐůɘɛɖ ŮˊŮɘŭɐ ɛŮɘɩɜŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɡˊŮɟ-

ˊɟɞůŬɟɛɞɔɐɠ Űɞɡ ŭɘəŰɨɞɡ. ɆŮ ˊɟɞɓɚɐɛŬŰŬ, ɧɛɤɠ, ɧˊɞɡ ɞɘ əŬŰɖɔɞɟɑŮɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ 

ˊŮɟɘůůɧŰŮɟŮɠ, ɖ ɢɟɐůɖ Űɤɜ Ůˊɘˊɏŭɤɜ ůɡɔəɏɜŰɟɤůɖɠ ɛˊɞɟŮɑ ɜŬ əŬŰŬůŰɐůŮɘ ŬŭɨɜŬŰɖ Űɖ 

ŭɘŬəɟɘŰɞˊɞɑɖůɖ Űɤɜ əŬŰɖɔɞɟɘɩɜ ůŰŬ ŰŮɚɘəɎ ŮˊɑˊŮŭŬ ŬˊɧűŬůɖɠ ɚɧɔɤ Űɞɡ ɗɞɟɨɓɞɡ ˊɞɡ 

ŮɘůɎɔɞɡɜ ɛŮ Űɖ ɢɟɐůɖ ɛɘəɟɧŰŮɟɤɜ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖˊŰɘəɩɜ ˊŮɟɘɞɢɩɜ. ɆŰɖɜ ŮɡɟɨŰŮɟɖ 

ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɡˊɎɟɢɞɡɜ ŬɟɢɘŰŮəŰɞɜɘəɏɠ ˊɞɡ ŮűŬɟɛɧɕɞɡɜ ŬˊŮɡɗŮɑŬɠ ŭɘŬŭɞɢɘəɐ 

ɢɟɐůɖ ůɡɜŮɚɘəŰɘəɩɜ Ůˊɘˊɏŭɤɜ ɢɤɟɑɠ Űɖɜ ŮɜŭɘɎɛŮůɖ ɛŮůɞɚɎɓɖůɖ əɎˊɞɘɞɡ ŮˊɑˊŮŭɞɡ 

ůɡɔəɏɜŰɟɤůɖɠ [20] [199] ɐ ŬəɧɛŬ əŬɘ űɑɚŰɟŬ Ŭˊɞůɡɜɏɚɘɝɖɠ (deconvolution) ɔɘŬ Űɖɜ 

ɡˊŮɟ-ŭŮɘɔɛŬŰɞɚɖɣɑŬ (up-sampling) Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ˊɞɡ ŭɘŬŭɑŭŮŰŬɘ ůŰɞ ŮəɎůŰɞŰŮ 

ŭɑəŰɡɞ.  

 

 

ȺɘəɧɜŬ 2.14: ɄŬɟɎŭŮɘɔɛŬ ŮɝŬɔɤɔɐɠ Űɞˊɘəɞɨ ɛŮɔɑůŰɞɡ ůŮ ŮˊɑˊŮŭɞ ůɡɔəɏɜŰɟɤůɖɠ (max pooling) ɛŮ ɢɟɐůɖ 

ˊɡɟɐɜɤɜ 3Ĭ3, ɓɐɛŬŰɞɠ 2 əŬɘ ɔŮɛɑůɛŬŰɞɠ 0. Ʉɖɔɐ: [243] 

ȼ ɢɟɐůɖ Űɤɜ ˊɞɚɚŬˊɚɩɜ Ůˊɘˊɏŭɤɜ ůŮ ɏɜŬ CNN, ˊɞɡ ɞɟɑɕɞɡɜ ɞɡůɘŬůŰɘəɎ Űɞ ɓɎɗɞɠ Űɞɡ 

ɜŮɡɟɤɜɘəɞɨ ŭɘəŰɨɞɡ, ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɢɟɐůɖɠ ɚɘɔɧŰŮɟɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ. ɄŬɟɎɚɚɖɚŬ, ɧɛɤɠ, ŬˊŬɘŰŮɑ Űɖ ɢɟɐůɖ 

ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ŬɝɘɧˊɘůŰɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ 

ŰŬɝɘɜɧɛɖůɖɠ.  ȼ ɘůɞɟɟɞˊɑŬ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ŭɖɚŬŭɐ Űɞɡ ɓɎɗɞɡɠ Űɞɡ ɜŮɡɟɤɜɘəɞɨ ŭɘəŰɨɞɡ, 

Űɖɠ ůɡɚɚɞɔɐɠ ɛɘəɟɞɨ ɐ ɛŮɔɎɚɞɡ ˊɚɐɗɞɡɠ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Űɖɠ ɢɟɐůɖɠ ˊɞɚɚɩɜ ɐ ɚɑɔɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ůɘůɧŭɞɡ, ŮɝŬɟŰɎŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɞ Ůɑŭɞɠ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɆŰɖɜ ˊɟɎɝɖ ɞɘ 

ŰŮɢɜɘəɏɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɏɢɞɡɜ ŬˊɞŭŮɘɢɗŮɑ ŬɟəŮŰɎ ŮɡɏɚɘəŰŮɠ əŬɘ ŮɨɟɤůŰŮɠ ˊŬɟɎ Űɖɜ 

ɡɣɖɚɐ ɡˊɞɚɞɔɘůŰɘəɐ ˊɞɚɡˊɚɞəɧŰɖŰɎ Űɞɡɠ [239, 248-249]. ɆŰŬ [250-254] ɡˊɎɟɢɞɡɜ ŮəŰŮɜŮɑɠ 

ɓɘɓɚɘɞɔɟŬűɘəɏɠ ŬɜŬůəɞˊɐůŮɘɠ ɔɘŬ Űɖ ɢɟɐůɖ Űɖɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŮ ŰɖɚŮůəɞˊɘəɏɠ 
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ŮűŬɟɛɞɔɏɠ. ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ŰŮɢɜɘəɐ Űɖɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɛˊɞɟŮɑ ɜŬ 

ŮűŬɟɛɞůŰŮɑ əŬɘ ɛŮ Ɏɚɚɞɡɠ ŰŬɝɘɜɞɛɖŰɏɠ, ɧˊɤɠ ɞ SVM [255]. 

ɆɡɔəɟɘŰɘəɎ ɛŮ Űɞɡɠ ůɡɛɓŬŰɞɨɠ əŬɘ ɟɖɢɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ɖ  ɓŬɗɘɎ ɛɖɢŬɜɘəɐ 

ɛɎɗɖůɖ ɛˊɞɟŮɑ ɜŬ ŮɝɎɔŮɘ ŮɝŬɘɟŮŰɘəɎ əŬɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŬəɧɛŬ əŬɘ ɛŮ Űɖ ɢɟɐůɖ ɛɘəɟɞɨ 

ˊɞůɞůŰɞɨ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ɐ Űɖ ɢɟɐůɖ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ÕŮ ɗɧɟɡɓɞ ɐ Űɖ ɢɟɐůɖ 

ɚɑɔɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ [20, 256-259]. ɀɑŬ ŬŭɡɜŬɛɑŬ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ ŮɑɜŬɘ ɖ ɡɣɖɚɐ ɡˊɞɚɞɔɘůŰɘəɐ ˊɞɚɡˊɚɞəɧŰɖŰɎ Űɞɡɠ əŬɘ ɎɟŬ əŬŰô ŮˊɏəŰŬůɖ ɞ ɡɣɖɚɧɠ 

ɡˊɞɚɞɔɘůŰɘəɧɠ ɢɟɧɜɞɠ əɡɟɑɤɠ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ. ɋůŰɧůɞ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ 

ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ŮˊŬɟəɩɠ ɛŮ: 1) ɢɟɐůɖ ɛɞɜɎŭŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɔɟŬűɘəɩɜ (Graphics Processing 

Unit-GPU) ůŰɞɜ ůŰŬɗɛɧ ŮɟɔŬůɑŬɠ [260], 2) ŮűŬɟɛɞɔɐ ˊɟɞůŬɟɛɞůŰɘəɩɜ ŰŮɢɜɘəɩɜ ŮˊɘŰɎɢɡɜůɖɠ 

əŬŰɎ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ŭɘəŰɨɞɡ [261], əŬɘ 3) ŮűŬɟɛɞɔɐ ŰŮɢɜɘəɩɜ ɡˊɞɚŮɘɛɛŬŰɘəɐɠ ɛɎɗɖůɖɠ 

(residual learning) [262]. ɆŰɖɜ ɡˊɞɚŮɘɛɛŬŰɘəɐ ɛɎɗɖůɖ, ˊɏɟŬ Ŭˊɧ Űɖɜ ŮəɛɎɗɖůɖ Űɤɜ Űɡˊɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, Űɞ ŭɑəŰɡɞ ˊɟɞůˊŬɗŮɑ ɜŬ ɛɎɗŮɘ əŬɘ əɎˊɞɘŬ ɡˊɞɚŮɑɛɛŬŰŬ (residuals). ɇɞ 

ɡˊɧɚŮɘɛɛŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮɨəɞɚŬ əŬŰŬɜɞɖŰɧ ɤɠ ɖ ŬűŬɑɟŮůɖ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ˊɞɡ ŮɝɎɢɗɖəŮ 

Ŭˊɧ Űɖɜ Ůɑůɞŭɞ Ůɜɧɠ ůŰɟɩɛŬŰɞɠ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, Űɞ ŭɑəŰɡɞ ɢɟɖůɘɛɞˊɞɘŮɑ ůɡɜŭɏůŮɘɠ 

ůɡɜŰɧɛŮɡůɖɠ ɛŮŰŬɝɨ Űɤɜ ůŰɟɤɛɎŰɤɜ, əŬɗɘůŰɩɜŰŬɠ ɏŰůɘ ŮɡəɞɚɧŰŮɟɖ Űɖɜ ŮəˊŬɑŭŮɡůɐ Űɞɡ [263]. 

ȳɜɞɛŬ ȷɟɢɘŰŮəŰɞɜɘəɐ 
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ȺɘəɧɜŬ 2.15: ȹɖɛɞűɘɚŮɑɠ ŬɟɢɘŰŮəŰɞɜɘəɏɠ CNNs. Ʉɖɔɐ: [264] 

 

ȾɎˊɞɘŮɠ ŭɖɛɞűɘɚŮɑɠ ŬɟɢɘŰŮəŰɞɜɘəɏɠ CNNs ŮɑɜŬɘ ɞɘ: AlexNet [265], VGGNet [266], GoogleNet 

[267], SqueezeNet [268] əŬɘ Ensemble Convolutional Neural Networks [264] (ȺɘəɧɜŬ 2.15). 

ȯɚɚŮɠ ɔɜɤůŰɏɠ əŬɘ ŬˊɞŭɞŰɘəɏɠ ŬɟɢɘŰŮəŰɞɜɘəɏɠ ɓŬɗɘɩɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ ŮɑɜŬɘ ɞɘ ImageNET 

[269], SPPnet [270], Fast R-CNN [271], Faster R-CNN [272], SegNet [273], R-FCN [274], 

CNN/semi-supervised graph construction method [275], FCN [210], HyperNET [276], YOLO 

[277], FoldingNET [278], FCN/Dilated Kernels (DK) [260], DeepUNet [279], TBE-CNN [280], 

ScaleNET [281] əŬɘ Multi -Constraint FCN [282]. 

 

 

 

 

 

 

 

http://papers.nips.cc/paper/5638-faster-r-cnn-towards-real-time-object-detection-with-region-proposal-networks
https://arxiv.org/abs/1709.00201
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ȿɞɔɘůɛɘəɎ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ɓŬɗɘɩɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ 

ȿɞɔɘůɛɘəɧ ȽůŰɧŰɞˊɞɠ  

AlexNet [265]   http://code.google.com/p/cuda-convnet/ 

Caffe [283]   http://caffe.berkeleyvision.org/ 

cuda-convnet2 [265]   https://code.google.com/p/cuda-convnet2/ 

Digital Globe [284]   http://explore.digitalglobe.com/spacenet 

Erdas Imagine [285]   http://www.hexagongeospatial.com/products/power-portfolio/erdas-imagine 

gvnn [286]   https://github.com/ankurhanda/gvnn 

Keras [287]   https://keras.io/ əŬɘ https://github.com/fchollet/keras 

MatConvNet [288]   http://www.vlfeat.org/matconvnet/ 

MXNet [289]   https://github.com/dmlc/mxnet/ 

TensorFlow [290]   https://www.tensorflow.org/ 

Theano [291]   http://deeplearning.net/software/theano 

Torch [292]   http://torch.ch/ 

Yolo [277]   http://machinethink.net/blog/object-detection-with-yolo/ 

ɄɑɜŬəŬɠ 2.1: ȿɞɔɘůɛɘəɎ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ɓŬɗɘɩɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ. Ʉɖɔɐ: [252] 

 

ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ˊɤɠ Űɞ ɓɎɗɞɠ, ɖ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ əŬɘ ɔŮɜɘəɧŰŮɟŬ ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ɓŬɗɘɞɨ 

ɜŮɡɟɤɜɘəɞɨ ŭɘəŰɨɞɡ ŮˊɖɟŮɎɕŮɘ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ. ȰŰůɘ ŬˊŬɘŰɞɨɜŰŬɘ ŬɟəŮŰɏɠ ŭɞəɘɛɏɠ əŬɘ 

ˊŮɘɟŬɛŬŰɘůɛɞɑ. ȾɎˊɞɘŮɠ ŮɟɔŬůɑŮɠ ŬɜŬɚɨɞɡɜ Űɞɜ ɓŬɗɛɧ Ůˊɘɟɟɞɐɠ Űɞɡ ɓɎɗɞɡɠ Űɞɡ ɜŮɡɟɤɜɘəɞɨ 

ŭɘəŰɨɞɡ ůŮ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ ɡˊɧ Űɞ ˊɟɑůɛŬ Űɖɠ ůɢɏůɖɠ ŬəɟɑɓŮɘŬɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɐɠ 

ˊɞɚɡˊɚɞəɧŰɖŰŬɠ [260] [264]. ɀɏɢɟɘ ůŰɘɔɛɐɠ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŬɟəŮŰɎ ɚɞɔɘůɛɘəɎ, ŮɑŰŮ ůŮ 

ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ ŮɑŰŮ ůŮ ˊɘɞ űɘɚɘəɎ ˊɟɞɠ Űɞɜ ɢɟɐůŰɖ ɔɟŬűɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ 

(Graphical User Interfaces-GUIs), ŰŬ ɞˊɞɑŬ ŮűŬɟɛɧɕɞɡɜ ŰŮɢɜɘəɏɠ ɓŬɗɘɩɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ. 

ɆŰɞɜ ɄɑɜŬəŬ  2.1 ˊŬɟŬŰɑɗŮɜŰŬɘ əɎˊɞɘŬ Ŭˊɧ ŬɡŰɎ [252]. 

2.4.4.3 ȹɘŬŭɘəŬůɑŬ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ 

ũɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Ůɜɧɠ Ŭɚɔɞɟɑɗɛɞɡ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ, ŬˊŬɘŰŮɑŰŬɘ ɖ ůɡɚɚɞɔɐ 

ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ. ɇŬ ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ ŬˊɞŰŮɚɞɨɜ ůɡɚɚŮɔɛɏɜŬ ŭŮɑɔɛŬŰŬ (samples) 

ˊɞɡ ˊŮɟɘɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɖɜ əɎɗŮ ŮˊɘɗɡɛɖŰɐ əɚɎůɖ. ɇŬ ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ ɢɤɟɑɕɞɜŰŬɘ 

ůŮ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ ůɨɜɞɚŬ: 1) ůŰɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ (training set) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ, 2) ůŰɞ ůɨɜɞɚɞ Ůˊɘəɨɟɤůɖɠ (validation set) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ (ˊ.ɢ. ɔɘŬ ŰŬ ŰŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ misclassification error ŬɜɎ çŮˊɞɢɐè ůŰɖ ŭɘŬŭɘəŬůɑŬ ůɨɔəɚɘůɖɠ [20]), əŬɘ 3) 

ůŰɞ ůɨɜɞɚɞ Ůɚɏɔɢɞɡ (test set) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɓɎůŮɘ 

Űɤɜ ˊɞůɞůŰɩɜ ŮˊɘŰɡɢɑŬɠ Precision, Recall  əŬɘ F1 score [227-293-294]. ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ 

ɡˊɎɟɢɞɡɜ əŬɘ Ɏɚɚɞɘ ŭŮɑəŰŮɠ Ŭɝɘɞɚɧɔɖůɖɠ ɧˊɤɠ Classification accuracy rate, Classification error, 

Balanced error rate, Kappa, Cramer's V, mean Average Precision (mAP), Intersection-over-Union 

(IoU) ə.Ɏ. [205, 274, 281, 295-296]. ɇɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ŮɑɜŬɘ, ůɡɜɐɗɤɠ, ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ŰŬ 

ɎɚɚŬ ŭɨɞ, əŬɗɩɠ ŮɑɜŬɘ əŬɘ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɔɘŬ Űɖ ůɤůŰɐ ŮəˊŬɑŭŮɡůɖ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ.  

http://www.hexagongeospatial.com/products/power-
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ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ ŮəŰŮɚŮɑŰŬɘ ůŮ əɨəɚɞɡɠ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ çŮˊɞɢɏɠè (epochs) əŬɘ 

ŰŮɟɛŬŰɑɕŮŰŬɘ ŮɑŰŮ ɧŰŬɜ ɞɚɞəɚɖɟɤɗɞɨɜ ɧɚŮɠ ɞɘ Ůˊɞɢɏɠ ŮɑŰŮ ɧŰŬɜ Ůəˊɚɖɟɤɗɞɨɜ əɟɘŰɐɟɘŬ ˊɟɧɤɟɞɡ 

ŰŮɟɛŬŰɘůɛɞɨ (ˊ.ɢ. Ŭɜ Űɞ  misclassification error ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ əɎˊɞɘɞ əŬŰɩűɚɘ ˊɟɞɧŭɞɡ). 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ, əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ ɚŬɛɓɎɜɞɜŰŬɘ 

ɡˊɧɣɖ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ɧˊɤɠ əŬɜɧɜŬɠ ȹɏɚŰŬ (Delta rule learning), Ŭɚɔɧɟɘɗɛɞɠ ŬɜɎůŰɟɞűɖɠ 

ɛŮŰɎŭɞůɖɠ ɚɎɗɞɡɠ (back propagation), ŬɜŰŬɔɤɜɘůŰɘəɐ ɛɎɗɖůɖ (competitive learning), ŰɡɢŬɑŬ 

ɛɎɗɖůɖ (random learning) ə.Ɏ. [225]. ȼ ˊɘɞ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɖ ŰŮɢɜɘəɐ ŮɑɜŬɘ ɖ back propagation 

ɛŮ Űɖɜ ɞˊɞɑŬ əŬɗɞɟɑɕŮŰŬɘ Űɞ ˊɞůɞůŰɧ Űɞɡ ůɡɜɞɚɘəɞɨ ůűɎɚɛŬŰɞɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɎɗŮ ŰŮɢɜɖŰɧ 

ɜŮɡɟɩɜŬ, Ŭəɧɛɖ əŬɘ ŬɡŰɩɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŮ əɟɡűɎ ŮˊɑˊŮŭŬ.  ȼ ŬɜŬˊɟɞůŬɟɛɞɔɐ Űɤɜ ůɡɜŬˊŰɘəɩɜ 

ɓŬɟɩɜ ɔɑɜŮŰŬɘ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Ůɝɧŭɞɡ ˊɟɞɠ Űɞ ŮˊɑˊŮŭɞ Ůɘůɧŭɞɡ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮəŰŮɚŮɑŰŬɘ ɛɑŬ 

ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ Űɞɡ ŭɘəŰɨɞɡ əŬɘ Űɖɠ 

ŮˊɘɗɡɛɖŰɐɠ Ůɝɧŭɞɡ ɔɘŬ ŰŬ ŮˊɘɗɡɛɖŰɎ ŭɘŬɜɨůɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ (ȺɘəɧɜŬ 2.16). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, 

ɔɘŬ əɎɗŮ ŰŮɢɜɖŰɧ ɜŮɡɟɩɜŬ Űɞɡ ŮɝɤŰŮɟɘəɞɨ Ůˊɘˊɏŭɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɞɘ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɞɡ 

ɡˊɞɚɞɔɘůɗɏɜŰɞɠ əŬɘ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ əŬɘ ŭɘŬŭɑŭɞɜŰŬɘ ˊɟɞɠ ŰŬ ˊɑůɤ ůŰɞɡɠ ɜŮɡɟɩɜŮɠ 

Űɤɜ əɟɡűɩɜ Ůˊɘˊɏŭɤɜ, ɏŰůɘ ɩůŰŮ ɜŬ əŬɗɞɟɑůɞɡɜ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ŬɚɚŬɔɏɠ ůŰŬ ɓɎɟɖ ůɨɜŭŮůɖɠ 

ɛŮŰŬɝɨ Űɤɜ ŰŮɢɜɖŰɩɜ ɜŮɡɟɩɜɤɜ. Ƀɘ ŬɚɚŬɔɏɠ ŬɡŰɏɠ ɔɑɜɞɜŰŬɘ ɓɎůŮɘ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŬɜɎůŰɟɞűɖɠ 

ɛŮŰɎŭɞůɖɠ ɚɎɗɞɡɠ əŬɘ ɤɠ ůəɞˊɧ ɏɢɞɡɜ Űɖ ɛŮɑɤůɖ Űɞɡ ŮɛűŬɜɘɕɧɛŮɜɞɡ ůŰɖɜ ɏɝɞŭɞ ůűɎɚɛŬŰɞɠ. 

ȺˊɘˊɟɞůɗɏŰɤɠ, ɛɑŬ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŰŬɢɨŰɖŰŬ ɛɎɗɖůɖɠ ɧůɞ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɞɡ 

ŰŮɚɘəɞɨ ůűɎɚɛŬŰɞɠ ŮɑɜŬɘ ɞ ɟɡɗɛɧɠ ɛɎɗɖůɖɠ (learning rate), ɞ ɞˊɞɑɞɠ ˊŬɑɕŮɘ əŬɘ Űɞ ɟɧɚɞ Űɞɡ 

ɓɐɛŬŰɞɠ ůŰɖɜ əŬɛˊɨɚɖ ůűɎɚɛŬŰɞɠ [256]. ȼ ŭɘŬŭɘəŬůɑŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɚŮɑŰŬɘ əŬɘ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ çŮˊɘəɚɘɜɞɨɠ əŬɗɧŭɞɡè (Stochastic Gradient Descent-SGD), [297]. ɀɑŬ 

ˊŬɟŬɚɚŬɔɐ Űɖɠ SGD ŮɑɜŬɘ ɖ Minibatch-SGD (MSGD), ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 

ɏɜŬ ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ ůŮ əɎɗŮ Ůˊɞɢɐ.  

ȰɜŬ ɕɐŰɖɛŬ əŬŰɎ Űɖ ɢɟɐůɖ Űɤɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ ŮɑɜŬɘ ɖ Ŭɟɢɘəɞˊɞɑɖůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ/ɓŬɟɩɜ ɛŮ Űɟɧˊɞ ˊɞɡ ɜŬ ŮɔɔɡɎŰŬɘ Űɖ ŭɘɎŭɞůɖ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ůŰŬ 

ŰŮɚŮɡŰŬɑŬ ŮˊɑˊŮŭŬ əŬɘ Űɖ ůɨɔəɚɘůɖ Űɞɡ ŭɘəŰɨɞɡ ŮɜŰɧɠ ˊŮˊŮɟŬůɛɏɜɞɡ ɢɟɧɜɞɡ. ȼ ŰŬɢɨŰɖŰŬ 

ůɨɔəɚɘůɖɠ Űɖɠ ɛŮɗɧŭɞɡ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖɜ Ŭɟɢɘəɞˊɞɑɖůɖ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ. ȾɎˊɞɘŮɠ ŮɟɔŬůɑŮɠ ˊɟɧŰŮɘɜŬɜ ŮɜɘůɢɡɛɏɜŮɠ ŰŮɢɜɘəɏɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ŬɡŰɧɛŬŰɖɠ 

ˊɟɞůŬɟɛɞɔɐɠ/Ŭɟɢɘəɞˊɞɑɖůɖɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůŮ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ŬɚɚɎ əŬɘ ůŮ ɎɚɚŮɠ ŰŮɢɜɘəɏɠ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɡˊɧ Űɞ ˊɟɑůɛŬ: 1) Űɖɠ ɢɟɐůɖɠ ˊɟɞ-ŮəˊŬɘŭŮɡɛɏɜɤɜ ˊŬɟŬɛɏŰɟɤɜ Ŭˊɧ ɛɖ-

ŮˊɘɓɚŮˊɧɛŮɜŮɠ ɐ ɖɛɘ-ŮˊɘɓɚŮˊɧɛŮɜŮɠ ɛŮɗɧŭɞɡɠ ŮəˊŬɑŭŮɡůɖɠ, əŬɘ 2) Űɖɠ ŮɨɟŮůɖɠ ɛŬɗɖɛŬŰɘəɩɜ 

ɛɞɜŰɏɚɤɜ ɔɘŬ Űɖɜ ŰɡɢŬɑŬ Ŭɟɢɘəɞˊɞɑɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ [267, 298-306]. 
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ȺɘəɧɜŬ 2.16: ȹɘŬŭɘəŬůɑŬ ŬɜŬˊɟɞůŬɟɛɞɔɐɠ Űɤɜ ůɡɜŬˊŰɘəɩɜ ɓŬɟɩɜ. Ʉɖɔɐ: [225] 

ɆɖɛŮɘɩɜŮŰŬɘ ˊɤɠ ŰŬ ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɞɨɜŰŬɘ ŮɑŰŮ Ŭˊɧ ŰŬ ɑŭɘŬ ŰŬ ŭŮŭɞɛɏɜŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ŮűŬɟɛɞɔɐ ŮɑŰŮ Ŭˊɧ ɎɚɚŮɠ ˊɖɔɏɠ, ˊ.ɢ. Ŭˊɧ OpenStreetMap-OSM [307]. 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ ɏɛűŬůɖ ůŰɖ ůɡɚɚɞɔɐ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ ɔɘŬ 

Űɖɜ əɎɗŮ əɚɎůɖ, ŭɖɚŬŭɐ ůŰɖɜ ˊɚɖɟɞűɞɟɑŬ (ˊ.ɢ. Űɘɛɏɠ Ůɘəɞɜɞɣɖűɑŭɤɜ) ˊɞɡ ŬɡŰɎ ŮɛˊŮɟɘɏɢɞɡɜ 

[248]. ȼ ůɡɚɚɞɔɐ ŬɜŰɘəɟɞɡɧɛŮɜɤɜ ɐ ŬɟəŮŰɎ ɧɛɞɘɤɜ ŭŮɘɔɛɎŰɤɜ ɛŮŰŬɝɨ Űɤɜ əɚɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůŮɘ ůŮ ŮůűŬɚɛɏɜɞ ŬˊɞŰɏɚŮůɛŬ ŰŬɝɘɜɧɛɖůɖɠ. ɆŰŬ [238] [308] ŬɜŬɚɨŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ 

ůɡɚɚɞɔɐɠ ŬɜŰɘűŬŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ůŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ 

ŰŬɝɘɜɧɛɖůɖɠ.  

ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ŭŮɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘŭɘɩəŮŰŬɘ ŬˊŬɟŬɑŰɖŰŬ ɖ ůɡɚɚɞɔɐ ɛŮɔɎɚɞɡ 

ɛŮɔɏɗɞɡɠ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ ŭɨɞ ɚɧɔɞɡɠ. Ƀ ˊɟɩŰɞɠ ɚɧɔɞɠ ŮɑɜŬɘ ɧŰɘ ŬɡɝɎɜɞɜŰŬɠ ŰŬ 

ˊɞůɞůŰɎ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ ŬɡɝɎɜŮŰŬɘ ɖ ɡˊɞɚɞɔɘůŰɘəɐ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ, 

əŬɘ ɎɟŬ, ɞ ɢɟɧɜɞɠ ŮəˊŬɑŭŮɡůɖɠ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ ˊɞɚɨ ɛŮɔɎɚɞɡ ůŮŰ 

ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ, Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮəˊŬɑŭŮɡůɖɠ 

(batch/offline learning) əɟɑɜŮŰŬɘ ůəɧˊɘɛɞ ɜŬ ŬˊɞɗɖəŮɨŮŰŬɘ ɤɠ ɏɜŬ ˊɟɞ-ŮəˊŬɘŭŮɡɛɏɜɞ ɛɞɜŰɏɚɞ 

(pre-trained). ȷɡŰɧ Űɞ ɛɞɜŰɏɚɞ ɗŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůŰŬɗŮɟɧ əŬɘ ɗŬ əŬɚŮɑŰŬɘ ɜŬ ŮˊɘɚɨůŮɘ Űɞ 

ŮəɎůŰɞŰŮ ˊɟɧɓɚɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ ɜɏɤɜ ŭŮŭɞɛɏɜɤɜ. ȼ Ůɜɖɛɏɟɤůɖ ŬɡŰɞɨ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɜɏŬ 

ŭŮŭɞɛɏɜŬ ɗŬ ŮəŰŮɚŮɑŰŬɘ ůŮ ŬɟŬɘɎ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ əŬɘ ɛɧɜɞ ɧŰŬɜ ŬɡŰɧ əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑɞ Ŭˊɧ 

Űɖɜ ŮűŬɟɛɞɔɐ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ ɛɘəɟɞɨ ůŮŰ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ ŮəˊŬɑŭŮɡůɖɠ, ɖ 

ŭɘŬŭɘəŬůɑŬ ŮəˊŬɑŭŮɡůɖɠ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚŮɑŰŬɘ ůŮ ɞɛɎŭŮɠ Ůɘəɞɜɞɣɖűɑŭɤɜ ŮɑŰŮ ɛɏůɤ Űɖɠ ɛɎɗɖůɖɠ 

ŭɏůɛɖɠ (batch/mini batch learning) ŮɑŰŮ ɛɏůɤ Űɖɠ ŮˊŬɡɝɖŰɘəɐɠ ɛɎɗɖůɖɠ (incremental learning).  
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Ƀ ŭŮɨŰŮɟɞɠ ɚɧɔɞɠ ŮɑɜŬɘ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ɡˊŮɟ-ˊɟɞůŬɟɛɞɔɐɠ [225]. ɀŮ Űɞɜ 

ɧɟɞ ɡˊŮɟ-ˊɟɞůŬɟɛɞɔɐ ůŰŬ ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ ɞɟɑɕŮŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ ɧˊɞɡ Űɞ ɛɞɜŰɏɚɞ 

çŬˊɞɛɜɖɛɞɜŮɨŮɘè Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɡˊɎɟɢɞɡɜ ůŰɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ, ŬɜŰɑ ɜŬ 

ŮəˊŬɘŭŮɨŮŰŬɘ ɞɡůɘŬůŰɘəɎ ŮɜůɤɛŬŰɩɜɞɜŰŬɠ əŬɜɧɜŮɠ ɔŮɜɘəɧŰŮɟɖɠ ɘůɢɨɞɠ. ɇɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ 

ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ ɡˊɏɟɛŮŰɟɖ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ (ˊ.ɢ. Űɤɜ ɓŬɟɩɜ ůŰŬ 

ŰŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ) ˊɎɜɤ ůŰŬ ŭŮŭɞɛɏɜŬ ɛŮ ŰŬ ɞˊɞɑŬ ŮəˊŬɘŭŮɨŮŰŬɘ ɞ ŰŬɝɘɜɞɛɖŰɐɠ. ȰɜŬ 

ɡˊŮɟɓɞɚɘəɎ ˊɟɞůŬɟɛɞůɛɏɜɞ ɛɞɜŰɏɚɞ ŮɜůɤɛŬŰɩɜŮɘ əŬɘ Űɞɜ ɗɧɟɡɓɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȷəɧɛŬ ɧɛɤɠ 

əŬɘ ɧŰŬɜ ŭŮɜ ɡˊɎɟɢŮɘ ɗɧɟɡɓɞɠ, ɖ ɡˊŮɟɓɞɚɘəɐ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰŬ ůɡɔəŮəɟɘɛɏɜŬ 

ŭŮŭɞɛɏɜŬ ɗŬ Űɞ ŮɛˊɞŭɑůŮɘ ɜŬ ˊɟɞɓɚɏɣŮɘ ůɤůŰɎ Űɖɜ əɚɎůɖ Űɤɜ ɜɏɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. ȷˊɧ Űɖɜ 

Ɏɚɚɖ, ɖ Ůɚɚɘˊɐɠ əŬɘ ɖ ɛɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ůɡɚɚɞɔɐ ŭŮɘɔɛɎŰɤɜ Űɤɜ əɚɎůŮɤɜ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ 

ůŮ ŮůűŬɚɛɏɜŮɠ ŰŬɝɘɜɞɛɐůŮɘɠ, ŭɖɚŬŭɐ ůŰɞ ˊɟɧɓɚɖɛŬ Űɖɠ ɡˊɞ-ˊɟɞůŬɟɛɞɔɐɠ ɐ ŬŰŮɚɞɨɠ ɛɎɗɖůɖɠ 

[225]. ɇɞ ˊɟɧɓɚɖɛŬ Űɖɠ ɡˊɞ-ˊɟɞůŬɟɛɞɔɐɠ ɏɔəŮɘŰŬɘ ɞɡůɘŬůŰɘəɎ ůŰɖ ɢɟɐůɖ Ůɜɧɠ ˊɞɚɨ Ŭˊɚɞɨ 

ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ əŬɘ ŬɜɎɚɡůɖ ˊɞɚɨˊɚɞəɤɜ ˊɟɞɓɚɖɛɎŰɤɜ əŬɘ ŭŮŭɞɛɏɜɤɜ. ȰŰůɘ, Űɞ 

ɛɞɜŰɏɚɞ ŮɑɜŬɘ ɡˊŮɟɓɞɚɘəɎ Ŭˊɚɧ ɔɘŬ ɜŬ ŮɜůɤɛŬŰɩůŮɘ Űɘɠ ɞɡůɘŬůŰɘəɏɠ ůɢɏůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ɡˊɎɟɢɞɡɜ 

ůŰŬ ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ. ȷˊɞŰɏɚŮůɛŬ Űɖɠ ɡˊɞ-ˊɟɞůŬɟɛɞɔɐɠ ŮɑɜŬɘ ɖ ɢŬɛɖɚɐ ŬəɟɑɓŮɘŬ ɏɜŬɜŰɘ 

əŬɘ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Űɤɜ ɎɔɜɤůŰɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ 

ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɘůɢɡɟɩɜ əŬɘ ŮɨɟɤůŰɤɜ ɛɞɜŰɏɚɤɜ, ɖ Ůɚɚɘˊɐɠ ůɡɚɚɞɔɐ ŭŮɘɔɛɎŰɤɜ Űɤɜ əɚɎůŮɤɜ 

ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɡˊŮɟ-ˊɟɞůŬɟɛɞɔɐ ůŰŬ ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ [309]. ɆɡɜŮˊɩɠ, ůŮ  

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɜ ŮɑɜŬɘ ŰŬ ŮˊɘɗɡɛɖŰɎ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ 

ůɡɛˊɚɖɟɤɛŬŰɘəɎ ŭŮɑɔɛŬŰŬ ɐ ɜŬ ŭɘɞɟɗɤɗɞɨɜ ŰŬ ˊɟɞɓɚɖɛŬŰɘəɎ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŰɖɚŮˊɘůəɞˊɘəɏɠ 

ŮűŬɟɛɞɔɏɠ, ɖ ˊɟɧəɚɖůɖ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Ůɜɧɠ ŰŬɝɘɜɞɛɖŰɐ ŮɑɜŬɘ ɖ ŮəˊŬɑŭŮɡůɖ 

Űɞɡ ɛŮ ɚɑɔŬ ŬɚɚɎ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ŭŮɑɔɛŬŰŬ. ɆŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ 

ɞɟɑɕɞɜŰŬɘ ůŮ ɛɘəɟɎ ˊɞůɞůŰɎ ŭŮɘɔɛɎŰɤɜ, Űɖɠ ŰɎɝɖɠ Űɞɡ 1% ɏɤɠ 10%.  

2.4.5 ɄŬɟŬɛŮŰɟɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

ȼ ŰŮɢɜɘəɐ Űɖɠ ůɡɜŰŬɨŰɘůɖɠ ˊɟɞŰɨˊɤɜ ɐŰŬɜ Ŭˊɧ ˊɟɩŰŮɠ ŰŮɢɜɘəɏɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ɀɎɚɘůŰŬ ɗŮɤɟŮɑŰŬɘ Ŭˊɧ Űɘɠ ˊɘɞ Ŭˊɚɏɠ ŰŮɢɜɘəɏɠ əŬɗɩɠ 

ŮűŬɟɛɧɕŮɘ Ŭˊɚɏɠ ɛŮɗɧŭɞɡɠ ɎɚɔŮɓɟŬɠ Ůɘəɧɜɤɜ (ˊ.ɢ. Ŭˊɚɐ ŬűŬɑɟŮůɖ ɛŮŰŬɝɨ Űɤɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ Űɖɠ 2ȹ ȺɡəɚŮɑŭŮɘŬɠ ŬˊɧůŰŬůɖɠ, ŭɖɛɘɞɡɟɔɑŬ ůɨɜɗŮŰɤɜ 

ɛɏůɤ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ band stack ə.Ɏ.) ɐ ɛɏŰɟŬ ɞɛɞɘɧŰɖŰŬɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ (ˊ.ɢ. NCC, AD, SD ə.Ɏ.) [2]. ȺůŰɘɎɕɞɜŰŬɠ ůŰɞɜ ŮɜŰɞˊɘůɛɧ ɛŮŰŬɓɞɚɩɜ, əɎˊɞɘŮɠ 

ɛŮɗɞŭɞɚɞɔɑŮɠ ŮɜŰɞˊɑɕɞɡɜ Űɘɠ ˊŮɟɘɞɢɏɠ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ɛŮŰŬɓɞɚɩɜ ɢɤɟɑɠ ɜŬ ˊŬɟɏɢŮŰŬɘ ɖ 

ˊɚɖɟɞűɞɟɑŬ Űɖɠ űɨůɖɠ Űɖɠ ɛŮŰŬɓɞɚɐɠ (change enhancement) Ůɜɩ əɎˊɞɘŮɠ ɎɚɚŮɠ ŮɜŰɞˊɑɕɞɡɜ Űɖ 

ɗɏůɖ, Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɞ Ůɑŭɞɠ Űɖɠ (from-to) [9]. ɇɧůɞ ůŰɘɠ change enhancement ɧůɞ əŬɘ ůŰɘɠ from-

to ɛŮɗɧŭɞɡɠ, ŬˊŬɘŰŮɑŰŬɘ ˊɟɩŰŬ ɖ ŮɔɔɟŬűɐ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ŭɨɞ ɢɟɞɜɘəɩɜ ˊŮɟɘɧŭɤɜ ŮɑŰŮ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ŮɘəɧɜŮɠ ŮɑŰŮ ɔɘŬ ɜɏűɖ ůɖɛŮɑɤɜ.  
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Ƀɘ change enhancement ɛɏɗɞŭɞɘ ɏɢɞɡɜ Űɞ ˊɚŮɞɜɏəŰɖɛŬ ɧŰɘ ŬˊŬɘŰɞɨɜ ŮɚɎɢɘůŰɖ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ 

əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ůɡɜɐɗɤɠ ɔɘŬ ɛɑŬ Ŭˊɚɐ ŬűŬɑɟŮůɖ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ŭɨɞ ɢɟɞɜɘəɩɜ 

ˊŮɟɘɧŭɤɜ [167]. ȷɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮɨɢɟɖůŰɖ ɔɘŬ ɛɖ ŮɝŮɘŭɘəŮɡɛɏɜɞɡɠ ɢɟɐůŰŮɠ əŬɘ ˊɞɚɚɏɠ 

űɞɟɏɠ ɢɟɐůɘɛɖ ůŮ ŮˊɘɢŮɘɟɖůɘŬəɏɠ ŮűŬɟɛɞɔɏɠ ɐ ůŰɖɜ ŮˊɘɚŮəŰɘəɐ ůɡɚɚɞɔɐ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŮ ŭɘɎűɞɟŮɠ əɚɑɛŬəŮɠ [310]. ɋůŰɧůɞ, Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɏɜŬ 

ɢɎɟŰɖɠ ɛŮŰŬɓɞɚɩɜ (2ȹ ɐ 3ȹ) Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ůŰɞɜ ɞˊɞɑɞ ˊŮɟɘɏɢɞɜŰŬɘ ɧɢɘ ɛɧɜɞ ɞɘ ɛŮŰŬɓɞɚɏɠ 

Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŬɚɚɎ əŬɘ ɧɚɤɜ Űɤɜ ɡˊɞɚɞɑˊɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ  

ŬˊŬɘŰŮɑŰŬɘ ɛŮŰŬ-ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɩůŰŮ ɜŬ ŮɝŬɢɗɞɨɜ ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ ɔɘŬ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Ŭɜ ůŮ ɛɑŬ ŮűŬɟɛɞɔɐ 

ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑɜŬɘ ŰŬ əŰɑůɛŬŰŬ, ŰɧŰŮ ɞ ɢɎɟŰɖɠ ɛŮŰŬɓɞɚɩɜ ɗŬ ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ 

ɛŮŰŬɓɞɚɏɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɧɢɘ ɛɧɜɞ ɛŮ əŰɑůɛŬŰŬ ŬɚɚɎ əŬɘ ɛŮ Űɖ ɓɚɎůŰɖůɖ, Űɞɡɠ ŭɟɧɛɞɡɠ, ŰŬ 

əɘɜɞɨɛŮɜŬ ŬɜŰɘəŮɑɛŮɜŬ ə.Ɏ. Ⱥˊɑůɖɠ, ůŰɞɜ ɢɎɟŰɖ ɛŮŰŬɓɞɚɩɜ ɗŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ əŬɘ ˊɚŬůɛŬŰɘəɏɠ 

ɛŮŰŬɓɞɚɏɠ ɚɧɔɤ ŮɔɔŮɜɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ űɨůɖ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ 

ŭŮŭɞɛɏɜɤɜ (ˊ.ɢ. ůəɘɏɠ, ɟŬŭɘɞɛŮŰɟɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ŮůűŬɚɛɏɜŮɠ ˊŬɟŮɛɓɞɚɏɠ ůŮ ɜɏűɖ ůɖɛŮɑɤɜ 

Ŭˊɧ DIM [167] ə.Ɏ.).  

ɆŰɖɜ ȺɘəɧɜŬ 2.17 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɐ ˊŮɟɑˊŰɤůɖ ŮůűŬɚɛɏɜɞɡ ŮɜŰɞˊɘůɛɞɨ 

ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ ůŮ ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ ŭɖɛɘɞɡɟɔɑŬ ůɨɜɗŮŰɞɡ Ŭˊɧ RGB ɞɟɗɞŮɘəɧɜŮɠ  

ŭɨɞ ɢɟɞɜɘəɩɜ ˊŮɟɘɧŭɤɜ. ȷɜŰɑůŰɞɘɢŬ ˊɟɞɓɚɐɛŬŰŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ŬəɧɛŬ əŬɘ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ 

ŭɘŬűɧɟɤɜ əŬŰɤűɚɑɤɜ ůŰɞɜ ɢɎɟŰɖ ɛŮŰŬɓɞɚɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŮ ɛɑŬ ŮűŬɟɛɞɔɐ ŮɜŰɞˊɘůɛɞɨ 

ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ɜɏűɖ ůɖɛŮɑɤɜ ŭɨɞ ɢɟɞɜɘəɩɜ ˊŮɟɘɧŭɤɜ, Űɞ ůɨɜɖɗŮɠ əŬŰɩűɚɘ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ŬɡŰɧ Űɞɡ ɨɣɞɡɠ Ůɜɧɠ Űɡˊɘəɞɨ ɞɟɧűɞɡ, ŭɖɚŬŭɐ ŰŬ 3.5 m. ȷəɧɛŬ əŬɘ ɛŮŰɎ 

Űɖɜ ŮűŬɟɛɞɔɐ ŬɡŰɞɨ Űɞɡ əŬŰɤűɚɑɞɡ, əɎˊɞɘŬ ŰɛɐɛŬŰŬ ɡɣɖɚɐɠ ɓɚɎůŰɖůɖɠ (ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ 

ɛŮŰŬɝɨ Űɖɠ ˊɟɩŰɖɠ əŬɘ Űɖɠ ŭŮɨŰŮɟɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ) ŮɜŰɞˊɑɕɞɜŰŬɘ ŮůűŬɚɛɏɜŬ ɤɠ ɛŮŰŬɓɞɚɏɠ 

əŰɘůɛɎŰɤɜ (ȺɘəɧɜŬ 2.18).  

Ƀɘ from-to ɛɏɗɞŭɞɘ ɗŮɤɟɞɨɜŰŬɘ əŬŰŬɚɚɖɚɧŰŮɟŮɠ ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ, əŬɗɩɠ ŮůŰɘɎɕɞɡɜ ůŰŬ 

ŬɜŰɘəŮɑɛŮɜŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŰŬ ɞˊɞɑŬ ŰŬ ŭɘŬűɞɟɞˊɞɘɞɨɜ 

Ŭˊɧ ŰŬ ɡˊɧɚɞɘˊŬ ŬɜŰɘəŮɑɛŮɜŬ [9, 157-158, 172, 189, 190]. 
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ȺɘəɧɜŬ 2.17: ɄŬɟɎŭŮɘɔɛŬ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ŬűŬɑɟŮůɖ Űɤɜ RGB ɞɟɗɞŮɘəɧɜɤɜ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

ɢɟɞɜɘəɩɜ ˊŮɟɘɧŭɤɜ.         Ƀɟɗɧɠ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ,          ȺůűŬɚɛɏɜɞɠ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ 

əŰɘůɛɎŰɤɜ. 

 

       

 

ȺɘəɧɜŬ 2.18: ȺɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ ɛɏůɤ ŬˊŮɡɗŮɑŬɠ ůɨɔəɟɘůɖɠ ɜŮűɩɜ ůɖɛŮɑɤɜ ɛŮŰŬɝɨ ŭɨɞ ɢɟɞɜɘəɩɜ 

ˊŮɟɘɧŭɤɜ.         Ƀɟɗɧɠ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ,           ȺůűŬɚɛɏɜɞɠ ŮɜŰɞˊɘůɛɧɠ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ.    

 

ɆŰɞ ŮɡɟɨŰŮɟɞ ˊŮŭɑɞ Űɤɜ ŰŮɢɜɘəɩɜ ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ŬɜɐəŮɘ əŬɘ ɖ ˊŬɟŬŭɞůɘŬəɎ 

ŮűŬɟɛɞɕɧɛŮɜɖ ŰŮɢɜɘəɐ Űɖɠ OBIA [2] [311]. ȼ ɛŮɗɞŭɞɚɞɔɑŬ OBIA ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɠ ɛɑŬ 

Ɂɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR  ŭŮɨŰŮɟɖɠ ɢɟɞɜɘəɐɠ  

ˊŮɟɘɧŭɞɡ 

 

ɉɎɟŰɖɠ ɛŮŰŬɓɞɚɩɜ 

Ɂɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM  ˊɟɩŰɖɠ ɢɟɞɜɘəɐɠ 

ˊŮɟɘɧŭɞɡ 

 

3ȹ ŬˊɧůŰŬůɖ=9 m 

3ȹ ŬˊɧůŰŬůɖ=3.5 m 

3ȹ ŬˊɧůŰŬůɖ=0 m 

ɃɟɗɞŮɘəɧɜŬ ˊɟɩŰɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ 

 (ˊɟɞŮɟɢɧɛŮɜɖ Ŭˊɧ ŮɜŬɏɟɘŮɠ ŮɘəɧɜŮɠ) 

ɃɟɗɞŮɘəɧɜŬ ŭŮɨŰŮɟɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ 

(ˊɟɞŮɟɢɧɛŮɜɖ Ŭˊɧ ŭɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ) 

 

ɉɎɟŰɖɠ ɛŮŰŬɓɞɚɩɜ  
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ŰɖɚŮˊɘůəɞˊɘəɐ ŬˊŮɘəɧɜɘůɖ ůŬɜ ɏɜŬ ůɨɜɞɚɞ ɞɛɞɘɞɔŮɜɩɜ ˊŮɟɘɞɢɩɜ/ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ ŬɜŬˊŰɨɢɗɖəŮ 

ɩůŰŮ ɜŬ əŬɚɨɣŮɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ Űɤɜ Űɡˊɘəɩɜ ɛŮɗɧŭɤɜ ŬɜɎɚɡůɖɠ ŮɘəɧɜŬɠ ˊɞɡ ŭŮɜ ɚɎɛɓŬɜŬɜ 

ɡˊɧɣɖ Űɞ ůɢɐɛŬ əŬɘ Űɖɜ əɚɑɛŬəŬ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ Űɖɠ ŮɘəɧɜŬɠ əŬɘ ˊɞɡ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ 

Űɖɜ ˊɚɖɟɞűɞɟɑŬ Űɤɜ ɢɤɟɘəɩɜ ůɢɏůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ůɖɛŬůɘɞɚɞɔɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ Űɖɠ ŮɘəɧɜŬɠ 

[312]. ȾŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ ɛɑŬɠ Űɡˊɘəɐɠ ɛŮɗɞŭɞɚɞɔɑŬɠ OBIA ŮűŬɟɛɧɕɞɜŰŬɘ ŬɟɢɘəɎ ŭɘŬŭɘəŬůɑŮɠ 

əŬŰɎŰɛɖůɖɠ (ɢŬɛɖɚɞɨ ɐ ɛɏůɞɡ Ůˊɘˊɏŭɞɡ) ÕŮ Űɘɠ ɞˊɞɑŮɠ ɖ ŮɘəɧɜŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɏɜŬ ůɨɜɞɚɞ 

ˊɟɤŰɞɔŮɜɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ, ˊɞɡ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬˊŬɟŬɑŰɖŰŬ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɔɜɩůɖ. Ƀɘ 

Ŭɚɔɧɟɘɗɛɞɘ əŬŰɎŰɛɖůɖɠ Ůɘəɧɜɤɜ, ɔŮɜɘəɎ, ŭŮɜ Ŭˊɞůəɞˊɞɨɜ ɜŬ ŮɜŰɞˊɑůɞɡɜ əŬɘ ɜŬ ɞɟɘɞɗŮŰɐůɞɡɜ 

ůɖɛŬůɘɞɚɞɔɘəɎ ŬɜŰɘəŮɑɛŮɜŬ, ŬɚɚɎ ɜŬ ˊŬɟɎɔɞɡɜ ˊɟɤŰɞɔŮɜɐ ŬɜŰɘəŮɑɛŮɜŬ ŰŬ ɞˊɞɑŬ ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ 

ɡˊɞůŰɞɨɜ ŮɑŰŮ ŭɘŬŭɘəŬůɑŮɠ ɛŮŰŬ-əŬŰɎŰÕɖůɖɠ ɐ ɛŮŰŬ-ŮˊŮɝŮɟɔŬůɑŬɠ ŮɑŰŮ ɗŬ ůɡɜŮɘůűɏɟɞɡɜ ůŮ 

ŭɘŬŭɘəŬůɑŮɠ ŰŬɝɘɜɧɛɖůɖɠ [313-314]. ȷɜŰɑůŰɞɘɢŮɠ ŮɟɔŬůɑŮɠ ˊɞɡ ŮűŬɟɛɧɕɞɡɜ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ 

OBIA ůŮ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɐ DIM ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰŬ [52] [169] [194] [315]. 

ȼ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ɔɜɩůɖ, ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ əŬɘ Űɞɡ ŮɜŰɞˊɘůɛɞɨ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡɠ (əŮűɎɚŬɘŬ 4 

əŬɘ 5). ɇɞ ́ ɟɧɓɚɖɛŬ ŬɡŰɧ ŭɘŬɘɟŮɑŰŬɘ ůŮ Ůˊɘɛɏɟɞɡɠ ˊɟɞɓɚɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮˊɘɚɨɞɜŰŬɘ ɘŮɟŬɟɢɘəɎ ɛŮ 

Űɖ ɢɟɐůɖ əŬɜɧɜɤɜ əŬɘ əɟɘŰɖɟɑɤɜ, ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ əɡɟɑɤɠ ɛŮ Űɘɠ ɛɞɟűɞɚɞɔɘəɏɠ əŬɘ ɔŮɤɛŮŰɟɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ əŰɘůɛɎŰɤɜ. ɄŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮɑ ɖ ůŰɟŬŰɖɔɘəɐ Űɞɡ çŭɘŬɑɟŮɘ əŬɘ ɓŬůɑɚŮɡŮè (divide-

and-conquer) [57] ́ ɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 4.3 . Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ Ŭˊɧ ɜɏűɖ ůɖɛŮɑɤɜ ŰŬ Ůˊɘɛɏɟɞɡɠ ˊɟɞɓɚɐɛŬŰŬ ɐŰŬɜ: 1) ɞ ŮɜŰɞˊɘůɛɧɠ əŬɘ ɖ 

ŬűŬɑɟŮůɖ Űɖɠ ɓɚɎůŰɖůɖɠ, 2) ɖ ŬɜɑɢɜŮɡůɖ Űɞɡ ŮŭɎűɞɡɠ, əŬɘ 3) ɖ ŬűŬɑɟŮůɖ Űɞɡ ɗɞɟɨɓɞɡ 

(ɛŮɛɞɜɤɛɏɜŬ ůɖɛŮɑŬ ɐ ɛɘəɟɏɠ ůɡůŰɎŭŮɠ ůɖɛŮɑɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŭɘɎűɞɟŮɠ Ů́ɟɘˊŰɩůŮɘɠ 

ŮůűŬɚɛɏɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ) ɓɎůŮɘ ɛŮŰŬ-ŮˊŮɝŮɟɔŬůɑŬɠ. ȺˊɘɚɨɞɜŰŬɠ ɘŮɟŬɟɢɘəɎ ŬɡŰɎ ŰŬ 

ˊɟɞɓɚɐɛŬŰŬ, ŰŬ ŮɜŬˊɞɛŮɑɜŬɜŰŬ ůɖɛŮɑŬ ůŰɞ ɜɏűɞɠ ůɖɛŮɑɤɜ ŮɑɜŬɘ ŬɡŰɎ Űɤɜ əŰɘůɛɎŰɤɜ ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ əŬɘ Űɞɜ ŰŮɚɘəɧ ůŰɧɢɞ Űɖɠ ŮűŬɟɛɞɔɐɠ. ȷɜŰɑůŰɞɘɢŮɠ ɛŮɗɞŭɞɚɞɔɑŮɠ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ůŰŬ 

[316-320].  

2.4.6 ȾŬŰɎŰɛɖůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ ůŮ ŮˊɑˊŮŭŬ 

Ƀɘ ŮɡɟɨŰŮɟŮɠ əŬŰɖɔɞɟɑŮɠ ɛŮɗɧŭɤɜ əŬŰɎŰɛɖůɖɠ ɞɟɞűɩɜ əŰɘůɛɎŰɤɜ Ŭˊɧ ɜɏűɖ ůɖɛŮɑɤɜ ŮɑɜŬɘ ɞɘ 

Ůɝɐɠ [321]: 

ü ȾŬɗɞŭɖɔɞɨɛŮɜŮɠ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ (data driven): Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ 

ŬˊɞəɚŮɘůŰɘəɎ ůŰŬ ɑŭɘŬ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ŭɖɚŬŭɐ ůŮ ɜɏűɖ ůɖɛŮɑɤɜ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ LIDAR ɐ DIM. ɇɞ ɓŬůɘəɧŰŮɟɞ ˊɚŮɞɜɏəŰɖɛŬ ŬɡŰɐ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮɑɜŬɘ 

ɧŰɘ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɖ ɨˊŬɟɝɖ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɔɜɤůŰɩɜ ˊɚɖɟɞűɞɟɘɩɜ ůɢŮŰɘəɎ ɛŮ Űɞ əɎɗŮ 

əŰɑůɛŬ. Ƀɘ ůɡɜɐɗŮɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ŮɑɜŬɘ ɞɘ: 1) region growing [57] [322], 2) 

RANSAC (RANdom SAmple Consensus) [323], əŬɘ 3) SHT [324]. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŰŮɢɜɘəɩɜ ˊɟɞůɏɔɔɘůɖɠ Űɞ əɎɗŮ əŰɑůɛŬ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɤɠ ɛɑŬ ˊɞɚɨŮŭɟɖ 



71 

 

əŬŰŬůəŮɡɐ ůŰɖɜ ɞˊɞɑŬ ŮˊɘɢŮɘɟŮɑŰŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ Űɤɜ əŬŰŬəɧɟɡűɤɜ, ɞɟɘɕɧɜŰɘɤɜ əŬɘ 

Ůˊɘəɚɘɜɩɜ Ů́ ɘˊɏŭɤɜ Űɖɠ. ɄŬɟɎ Űɞ ɧŰɘ ŬɡŰɐ ɖ ɡˊɧɗŮůɖ ŭŮɜ ŮˊŬɚɖɗŮɨŮŰŬɘ ˊɎɜŰŬ, ŬɡŰɏɠ ɞɘ 

ɛɏɗɞŭɞɘ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰɨɢɞɡɜ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŬəɧɛŬ əŬɘ ůŮ ůɨɜɗŮŰŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ əŰɘůɛɎŰɤɜ. ɆŰɖɜ ŮɡɟɨŰŮɟɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ŬɜŬűɏɟɞɜŰŬɘ əŬɘ ɎɚɚŮɠ 

ŰŮɢɜɘəɏɠ [174, 221, 325-333]. 

ü ȾŬɗɞŭɖɔɞɨɛŮɜŮɠ Ŭˊɧ ˊɟɞɔŮɜɏůŰŮɟɖ ɔɜɩůɖ ɛɞɜŰɏɚɞɡ (model driven): Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɏɠ 

ɓŬůɑɕɞɜŰŬɘ ůŮ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɔɜɤůŰɏɠ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞ ůɢɐɛŬ Űɤɜ 

əŰɘůɛɎŰɤɜ. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɜŬɕɖŰɞɨɜ Űɞ əŬŰŬɚɚɖɚɧŰŮɟɞ ɛɞɜŰɏɚɞ 

ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ əŬɚɨŰŮɟŬ Űɖɜ ŮəɎůŰɞŰŮ ˊŮɟɑˊŰɤůɖ əŰɑůɛŬŰɞɠ. ɇŬ ɛɞɜŰɏɚŬ ŬɡŰɎ 

ŮˊɘɚɏɔɞɜŰŬɘ Ŭˊɧ ɛɑŬ ˊɟɞ-ŮɔəŬŰŮůŰɖɛɏɜɖ ɓɘɓɚɘɞɗɐəɖ ɛɞɜŰɏɚɤɜ əŰɘůɛɎŰɤɜ [334-336]. Ƀɘ 

ɛɏɗɞŭɞɘ ŬɡŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰɨɢɞɡɜ ɘŭɘŬɑŰŮɟŬ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ Űɡˊɘəɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ ɞɟɞűɩɜ əŰɘůɛɎŰɤɜ ɛŮ ůɡɛɛŮŰɟɘəɎ ɔŮɤɛŮŰɟɘəɎ əŬɘ ɛɞɟűɞɚɞɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɋůŰɧůɞ, ɖ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŮ əŬŰŬůəŮɡɏɠ ɛŮ ŬɟɢɘŰŮəŰɞɜɘəɏɠ 

ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ, ˊɞɡ ŭŮɜ ŰŬɘɟɘɎɕɞɡɜ ɛŮ ŰŬ ˊɟɞ-ŮɔəŬŰŮůŰɖɛɏɜŬ ɛɞɜŰɏɚŬ, ŮˊɘűɏɟŮɘ 

ůɖɛŬɜŰɘəɏɠ ŬˊɞəɚɑůŮɘɠ əŬŰɎ Űɖɜ əŬŰɎŰɛɖůɖ Űɤɜ ŰɛɖɛɎŰɤɜ Űɞɡɠ.  

ü Ɉɓɟɘŭɘəɏɠ (hybrid): Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɏɠ ŬˊɞŰŮɚɞɨɜ ůɡɜŭɡŬůɛɧ Űɤɜ data driven əŬɘ Űɤɜ 

model driven ɛŮɗɧŭɤɜ ɛŮ ůŰɧɢɞ Űɖɜ ŬɜŰɘůŰɎɗɛɘůɖ Űɤɜ ŬŭɡɜŬɛɘɩɜ ˊɞɡ ɏɢŮɘ ɖ əɎɗŮ ɛɘŬ 

[337-339]. ɆŮ ŬɡŰɧ Űɞ ˊɚŬɑůɘɞ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɛŮɗɞŭɞɚɞɔɑŮɠ ˊɞɡ ŮűŬɟɛɧɕɞɡɜ əŬɘ 

ŰŮɢɜɘəɏɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ [340]. 

ɀɏɢɟɘ ůŰɘɔɛɐɠ ŭɨůəɞɚŬ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŬˊɞűŬɜɗŮɑ ɔɘŬ Űɞ ˊɞɘŬ Ŭˊɧ Űɘɠ ŰɟŮɘɠ ɛŮɗɧŭɞɡɠ ŮɑɜŬɘ ɖ 

əŬɚɨŰŮɟɖ. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ ɖ Ůˊɘɚɞɔɐ Űɖɠ əŬŰŬɚɚɖɚɧŰŮɟɖɠ ɛŮɗɧŭɞɡ ɔɑɜŮŰŬɘ ɛŮ əɟɘŰɐɟɘŬ:  

- Űɖɜ ŮɝŮɘŭɑəŮɡůɖ Űɞɡ ɢɟɐůŰɖ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŬůɢɞɚɖɗŮɑ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ, 

- Űɞɡ Űɨˊɞɡ əŬɘ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ,  

- Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ ɞɟɞűɩɜ Űɤɜ əŰɘůɛɎŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ,  

- Űɞɜ ŭɘŬɗɏůɘɛɞ ɢɟɧɜɞ ŮəŰɏɚŮůɖɠ Űɞɡ ŮəɎůŰɞŰŮ Ŭɚɔɧɟɘɗɛɞɡ.  

Ƀ SHT ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬɟəŮŰɎ ůɡɢɜɎ ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Ŭəɛɩɜ ůŮ 

ŮɘəɧɜŮɠ ɔɘŬ ŮˊɑɔŮɘŮɠ ɐ ŮɜŬɏɟɘŮɠ ŮűŬɟɛɞɔɏɠ [341-342], Ůɜɩ ˊɟɧůűŬŰŬ ɏɢŮɘ ůɡɜŮɘůűɏɟŮɘ əŬɘ ůŰɞɜ 

ɡˊɞɚɞɔɘůɛɧ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŮ ŰŮɢɜɘəɏɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ [343]. Ƀɘ ŰŮɢɜɘəɏɠ region 

growing, RANSAC əŬɘ SHT ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ŮəŰŮɜɩɠ ůŰɞ ˊɟɧɓɚɖɛŬ Űɖɠ əŬŰɎŰɛɖůɖɠ ɞɟɞűɩɜ 

əŰɘůɛɎŰɤɜ Ŭˊɧ ɜɏűɖ ůɖɛŮɑɤɜ [174]. ȼ ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɘəɐɠ region growing ůŮ ɜɏűɖ ůɖɛŮɑɤɜ 

ɡɘɞɗŮŰŮɑ Űɖ ɚɞɔɘəɐ Űɤɜ əɚŬůɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ əŬŰɎŰɛɖůɖɠ Ůɘəɧɜɤɜ, ŭɖɚŬŭɐ Űɖɠ ˊŬɟŬɔɤɔɐɠ 

ˊɟɤŰɞɔŮɜɩɜ Ůˊɘɛɏɟɞɡɠ ŬɜŰɘəŮɑɛŮɜɤɜ ɛŮ ɧɛɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɄŬɟɎ Űɖɜ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ Űɖɠ, 

ɖ ŰŮɢɜɘəɐ ŬɡŰɐ ŬˊŬɘŰŮɑ ɡɣɖɚɧ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬɡŰɩɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ 

ŬɜŰɘəŮɘɛɏɜɤɜ, əŬɗɩɠ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɔŮɘŰɞɜɘəɩɜ ůɖɛŮɑɤɜ ůŮ 

ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ́ Ůɟɘɞɢɏɠ ŬɜŬɕɐŰɖůɖɠ. Ⱥˊɑůɖɠ, ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ űŬɘɜɧɛŮɜŬ ɗɞɟɨɓɞɡ 
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(ŰɟŬɢɨŰɖŰŬ ůɖɛŮɑɤɜ) ůŰŬ ɜɏűɖ ůɖɛŮɑɤɜ ŬɚɚɎ əŬɘ ˊŮɟɘˊŰɩůŮɘɠ Űɞˊɘəɐɠ ŬŰŮɚɞɨɠ 3ȹ 

ŬɜŬəŬŰŬůəŮɡɐɠ (ɔɘŬ ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM) ɐ Űɞˊɘəɐɠ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (ɔɘŬ ŰŬ ɜɏűɖ 

ůɖɛŮɑɤɜ Ŭˊɧ LIDAR). ɇŬ ɗɏɛŬŰŬ ŬɡŰɎ ŬɜŰɘɛŮŰɤˊɑůŰɖəŬɜ ɛŮ ŮˊɘŰɡɢɑŬ Ŭˊɧ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ 

RANSAC əŬɘ SHT, ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɠ Űɞ əɎɗŮ əŰɑůɛŬ ɤɠ ɛɑŬ ˊɞɚɨŮŭɟɖ əŬŰŬůəŮɡɐ. ȸɎůŮɘ ŬɡŰɐɠ 

Űɖɠ ɡˊɧɗŮůɖɠ ŮˊɘɢŮɘɟŮɑŰŬɘ ɞ ŮɜŰɞˊɘůɛɧɠ Űɤɜ əŬŰŬəɧɟɡűɤɜ, ɞɟɘɕɧɜŰɘɤɜ əŬɘ Ůˊɘəɚɘɜɩɜ Ůˊɘˊɏŭɤɜ 

Űɖɠ ɞɟɞűɐɠ Űɞɡ əɎɗŮ əŰɑůɛŬŰɞɠ ŬɝɘɞˊɞɘɩɜŰŬɠ Űɘɠ ɔŮɤɛŮŰɟɘəɏɠ əŬɘ ɛɞɟűɞɚɞɔɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ 

ɜŮűɩɜ ůɖɛŮɑɤɜ ˊɞɡ Űɖ ůɡɜɗɏŰɞɡɜ. ȸɎůŮɘ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ ɛɞɜŰɏɚɤɜ ˊɞɡ Űɞɡɠ ŮəűɟɎɕɞɡɜ, ɞɘ 

RANSAC əŬɘ SHT, ˊɟɞůŭɘɞɟɑɕɞɡɜ əɡɟɑŬɟɢŬ ŮˊɑˊŮŭŬ ůŰŬ ɜɏűɖ ůɖɛŮɑɤɜ ŬˊɞɟɟɞűɩɜŰŬɠ Űɘɠ 

ˊɟɞŬɜŬűŮɟɧɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞˊɘəɐɠ ŬŰŮɚɞɨɠ 3ȹ ŬɜŬəŬŰŬůəŮɡɐɠ ɐ Űɞˊɘəɐɠ ɡˊɞ-

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ůŰŬ ɜɏűɖ ůɖɛŮɑɤɜ.  

ɄŬɟɎ Űɞɜ ɛɘəɟɧ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ ŮəŰɏɚŮůɖɠ Űɞɡ, ɞ RANSAC ́ ŬɟɞɡůɘɎɕŮɘ ůɡɢɜɎ ˊŮɟɘˊŰɩůŮɘɠ 

ɡˊŮɟ-əŬŰŬŰɛɖɛɏɜɤɜ (over-segmented planes) əŬɘ ˊɚŬůɛŬŰɘəɩɜ ŮˊɑˊŮŭɤɜ (spurious planes) [344] 

(ˊŬɟɎɔɟŬűɞɠ 6.4.4). ɋůŰɧůɞ, ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ŭɘɎűɞɟŮɠ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ ɔɘŬ Űɖ 

ɓŮɚŰɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ [345]. ȷˊɧ Űɖɜ Ɏɚɚɖ, ˊŬɟɎ Űɖɜ ŮˊɘŰɡɢɐ ŮəŰɏɚŮůɖ Űɞɡ SHT ůŮ 

ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ [324, 346-347] ɞ́ɡ əɎɜɞɡɜ ɢɟɐůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR, Űɞ ɓŬůɘəɧ 

ɛŮɘɞɜɏəŰɖɛɎ Űɞɡ ŮɑɜŬɘ Űɞ ɡɣɖɚɧ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ əŬŰɎ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɤɜ Ůˊɘˊɏŭɤɜ 

ůŰɞɜ ˊŬɟŬɛŮŰɟɘəɧ ɢɩɟɞ Hough. ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ 

ŬˊŬɜŰɩɜŰŬɘ ˊŮɟɘˊŰɩůŮɘɠ ůɡɜɏɟɔŮɘŬɠ ɛŮŰŬɝɨ Űɖɠ ŰŮɢɜɘəɐɠ region growing əŬɘ Űɤɜ RANSAC ɐ 

SHT ŬɝɘɞˊɞɘɩɜŰŬɠ ŰŬ ɗŮŰɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ əɎɗŮ ŰŮɢɜɘəɐɠ [348-349].  

Ƀ RHT ŬˊɞŰŮɚŮɑ ɛɑŬ ˊŬɟŬɚɚŬɔɐ Űɞɡ SHT. Ƀ RHT ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ űɨůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ŮˊŮɝŮɟɔɎɕŮŰŬɘ ɛɏůɤ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ əŬɘ ŭŮɜ ŮűŬɟɛɧɕŮɘ ɏɜŬ ɜŰŮŰŮɟɛɘɜɘůŰɘəɧ 

(deterministic) ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ɧˊɤɠ ɞ SHT [347]. ȰŰůɘ, ɞ RHT ŭŮɜ ŬˊŬɘŰŮɑ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

əŬɘ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ɧɚɤɜ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ ůŰɞɜ ˊŬɟŬɛŮŰɟɘəɧ ɢɩɟɞ Hough 

ˊŬɟɎ ɛɧɜɞ ŰɟɘɎŭɤɜ ůɖɛŮɑɤɜ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ Űɞɜ ɔŮɤɛŮŰɟɘəɧ ˊŮɟɘɞɟɘůɛɧ Ŭˊɞəɞˊɐɠ Űɖɠ 3ȹ 

ȺɡəɚŮɑŭŮɘŬɠ ŬˊɧůŰŬůɖɠ (ˊŬɟɎɔɟŬűɞɠ 6.2.1). ȸɎůŮɘ ŬɡŰɞɨ, ɞ ůɡůůɤɟŮɡŰɐɠ ˊŮɟɘɏɢŮɘ ɛɧɜɞ 

ůɡɔəŮəɟɘɛɏɜŬ ŮˊɑˊŮŭŬ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ əŬɘ ɧɢɘ ˊɚɖɗɩɟŬ Ůˊɘˊɏŭɤɜ ůŮ 

ˊɟɞəŬɗɞɟɘůɛɏɜŬ ŭɘŬůŰɐɛŬŰŬ. Ⱥˊɑůɖɠ, ɛɧɚɘɠ ˊɟɞůŭɘɞɟɘůŰŮɑ ɏɜŬ əɡɟɑŬɟɢɞ ŮˊɑˊŮŭɞ, ŰɧŰŮ ŰŬ ůɖɛŮɑŬ 

ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ŬɡŰɧ, ɓɎůŮɘ Űɞɡ əɟɘŰɖɟɑɞɡ Ůˊɘɚɞɔɐɠ Űɖɠ ŬˊɧůŰŬůɖɠ, ŬˊɞəɧˊŰɞɜŰŬɘ əŬɘ ɖ 

ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɔɘŬ Űɞ ŮɜŬˊɞɛŮɑɜŬɜ əɎɗŮ űɞɟɎ ɜɏűɞɠ ůɖɛŮɑɤɜ. ȷɡŰɎ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ RHT, Űɞɡ ˊɟɞůŭɑŭɞɡɜ ŰŬɢɨŰɖŰŬ əŬŰɎ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɤɜ Ůˊɘˊɏŭɤɜ 

ůŰɞɜ ˊŬɟŬɛŮŰɟɘəɧ ɢɩɟɞ Hough ŬɚɚɎ əŬɘ ŬəɟɑɓŮɘŬ əŬɘ ŬɝɘɞˊɘůŰɑŬ əŬŰɎ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ 

əɡɟɑŬɟɢɤɜ Ůˊɘˊɏŭɤɜ. Ƀ RHT ɏɢŮɘ ŮəŰŮɚŮůŰŮɑ ŮˊɘŰɡɢɩɠ ůŮ Ŭˊɚɏɠ ŮˊɑɔŮɘŮɠ ŮűŬɟɛɞɔɏɠ ŬˊɞŰɨˊɤůɖɠ 

ŮůɤŰŮɟɘəɩɜ ɢɩɟɤɜ, ˊɞɡ əɎɜɞɡɜ ɢɟɐůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ ŮˊɑɔŮɘɞɡɠ ůŬɟɤŰɏɠ laser [347-, 350-

351]. ɋůŰɧůɞ, ɛɏɢɟɘ ůɐɛŮɟŬ, ŭŮɜ ŮɑɢŮ ŮűŬɟɛɞůŰŮɑ əŬɘ ŬɝɘɞɚɞɔɖɗŮɑ ŮˊŬɟəɩɠ ůŮ ŬɜŰɑůŰɞɘɢŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ əɎɜɞɡɜ ɢɟɐůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ DIM ɐ ůŮ ŮɜŬɏɟɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŬůŰɘəɩɜ 

ˊŮɟɘɞɢɩɜ ˊɞɡ əɎɜɞɡɜ ɢɟɐůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, ɞ RHT 
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ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ Űɖɜ əŬŰɎŰɛɖůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ ůŮ ŮˊɑˊŮŭŬ, ůŰɞɜ ɞˊɞɑɞ ɛɎɚɘůŰŬ ˊɟɞŰŮɑɜɞɜŰŬɘ 

ɜɏŮɠ ŮˊŮəŰɎůŮɘɠ əŬɘ ɜɏŬ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ůɡůůɤɟŮɡŰɐ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ əŬɚɨŰŮɟɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ůŮ ɛɘəɟɧŰŮɟɞ ɢɟɧɜɞ. 

2.4.7 ɀɏɗɞŭɞɘ Ŭɝɘɞɚɧɔɖůɖɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ  

ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ 

ɛɑŬɠ ŰŬɝɘɜɧɛɖůɖɠ [352-354] ɐ ŭɘŬŭɘəŬůɑŬɠ ŬɜɑɢɜŮɡůɖɠ ŬɜŰɘəŮɘɛɏɜɤɜ ɐ ŮɜŰɞˊɘůɛɞɨ Űɤɜ 

ɛŮŰŬɓɞɚɩɜ Űɞɡɠ, ɧˊɤɠ, ˊ.ɢ. əŰɘůɛɎŰɤɜ [9, 11-12, 330, 355-357]. ɀɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ŭɖɛɞűɘɚŮɑɠ ɔɘŬ 

ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ əŬɘ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡɠ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ůŰɖɜ 

ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ, ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ əɎɜŮɘ ɢɟɐůɖ Űɤɜ ˊɞůɞůŰɩɜ ŮˊɘŰɡɢɑŬɠ ɤɠ ˊɟɞɠ Űɖɜ ˊɚɖɟɧŰɖŰŬ 

(completeness-Cm), ɞɟɗɧŰɖŰŬ (correctness-Cr) əŬɘ ˊɞɘɧŰɖŰŬ (quality-Q). ɇŬ ˊɞůɞůŰɎ ŬɡŰɎ 

ŬˊŬɘŰɞɨɜ Űɖ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ Ůɚɏɔɢɞɡ (reference data) əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ 

əŬŰŮɡɗɡɜŰɐɟɘŮɠ ɔɟŬɛɛɏɠ Űɖɠ ISPRS [11-12] ɓɎůŮɘ Űɤɜ ɞɜŰɞŰɐŰɤɜ ˊɞɡ ŬɜɘɢɜŮɨŰɖəŬɜ ɞɟɗɎ (True 

Positives-TP), ˊɞɡ ŭŮɜ ŬɜɘɢɜŮɨɗɖəŬɜ Ůɜɩ ɏˊɟŮˊŮ ɜŬ ŬɜɘɢɜŮɡɗɞɨɜ (False Negatives-FN) əŬɘ ˊɞɡ 

ŬɜɘɢɜŮɨŰɖəŬɜ ŮůűŬɚɛɏɜŬ (False Positives-FP). ɇɞ ˊɞůɞůŰɧ ŮˊɘŰɡɢɑŬɠ Q ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ əŬɘ Űɘɠ 

ŰɟŮɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɜŰɞŰɐŰɤɜ (ŭɖɚŬŭɐ TP, FN əŬɘ FP) əŬɘ ŬˊɞŰŮɚŮɑ ɏɜŬɜ ůɖɛŬɜŰɘəɧ ŭŮɑəŰɖ 

ɘůɞɟɟɞˊɑŬɠ ɛŮŰŬɝɨ Űɤɜ Cm əŬɘ Cr ɔɘŬ Űɖɜ ŰŮɚɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ. ɇɞ ˊɞůɞůŰɧ Q 

ɞɡůɘŬůŰɘəɎ ɡˊɞŭŮɘəɜɨŮɘ əŬɘ Űɖɜ ŰŮɚɘəɐ ŮˊɘŰɡɔɢŬɜɧɛŮɜɖ ŬəɟɑɓŮɘŬ (accuracy) Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ŬɜɑɢɜŮɡůɖɠ ɐ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ [358]. 

m r
100;  100;  100

TP TP TP
C  (%) = C  (%) = Q (%) = 

TP FN TP FP TP FP FN
Ö Ö Ö

+ + + +
    Ⱥɝ. 2.1 

ɇŬ ˊɞůɞůŰɎ ŬɡŰɎ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɛŮ ŭɨɞ ŰŮɢɜɘəɏɠ: ŬɜɎ ŮɘəɞɜɞɣɖűɑŭŬ (per-pixel) əŬɘ ŬɜɎ 

ŬɜŰɘəŮɑɛŮɜɞ (per-object) [359].  

ɇŬ ˊɞůɞůŰɎ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɜɎ ŮɘəɞɜɞɣɖűɑŭŬ ůɡɔəɟɑɜɞɡɜ ɧɚŮɠ Űɘɠ ŮɘəɞɜɞɣɖűɑŭŮɠ Űɖɠ 

ŮɘəɧɜŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɚɏɔɢɞɡ ɛŮ ŬɡŰɏɠ Űɖɠ ŮɘəɧɜŬɠ Űɤɜ ŬɜɘɢɜŮɡɗɏɜŰɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ. ɆŰɖɜ ȺɘəɧɜŬ 2.19 ŬˊŮɘəɞɜɑɕŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ŮɘəɧɜŬɠ Ŭɝɘɞɚɧɔɖůɖɠ ɓɎůŮɘ 

Űɤɜ ɞɜŰɞŰɐŰɤɜ TP, FN əŬɘ FP ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ [360].  
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ȺɘəɧɜŬ 2.19: ɄŬɟɎŭŮɘɔɛŬ ŮɘəɧɜŬɠ Ŭɝɘɞɚɧɔɖůɖɠ ŬɜɎ ŮɘəɞɜɞɣɖűɑŭŬ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ.          

TP   FP   FN  Ʉɖɔɐ: [360] 

ɇŬ ˊɞůɞůŰɎ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɜɎ ŬɜŰɘəŮɑɛŮɜɞ ůɡɔəɟɑɜɞɡɜ ɧɚŬ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜ 

ŭŮŭɞɛɏɜŬ Ůɚɏɔɢɞɡ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŬɜɘɢɜŮɡɗɏɜŰŬ ɓɎůŮɘ əɎˊɞɘɞɡ ˊɟɞəŬɗɞɟɘůɛɏɜɞɡ əŬŰɤűɚɑɞɡ 

ŮˊɘəɎɚɡɣɖɠ (ˊ.ɢ. ɏɜŬ əŰɑůɛŬ ɗŮɤɟŮɑŰŬɘ ˊɤɠ ɏɢŮɘ ŬɜɘɢɜŮɡɗŮɑ Ŭɜ ŮˊɘəŬɚɨˊŰŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 

50% ɛŮ Űɞ əŰɑůɛŬ Ůɚɏɔɢɞɡ ˊɞɡ Űɞɡ ŬɜŰɘůŰɞɘɢŮɑ) [10].  

ɆŰɖɜ ˊɟɎɝɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ ŰŮɢɜɘəɏɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɋůŰɧůɞ 

ɔɘŬ Űɖɜ ˊɚɖɟɏůŰŮɟɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɐůɖ əŬɘ Űɤɜ ŭɨɞ ŰŮɢɜɘəɩɜ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɜɑɢɜŮɡůɖɠ əŰɘůɛɎŰɤɜ ɖ ˊɟɩŰɖ ŰŮɢɜɘəɐ ŬɜŬŭŮɘəɜɨŮɘ Űɘɠ 

ŬůŰɞɢɑŮɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜɑɢɜŮɡůɖɠ ůŰŬ ɧɟɘŬ Űɤɜ əŰɘůɛɎŰɤɜ, əɎŰɘ ˊɞɡ ɖ ŭŮɨŰŮɟɖ ŰŮɢɜɘəɐ ɗŬ 

ˊŬɟɏɚŮɘˊŮ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ɖ ŭŮɨŰŮɟɖ ŰŮɢɜɘəɐ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ɡˊɧɣɖ ˊɟɧůɗŮŰŬ ɛɞɟűɞɚɞɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ůŰɞɘɢŮɑŬ (ˊ.ɢ. əŮɜŰɟɞŮɘŭɐ, ŬˊɞůŰɎůŮɘɠ Ŭˊɧ Űɘɠ əɞɟɡűɏɠ ə.Ɏ.) 

ŮɝɎɔɞɜŰŬɠ  ůɖɛŬɜŰɘəɐ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ůɢɐɛŬ Űɞɡ ŬɜɘɢɜŮɡɗɏɜŰɞɠ əŰɑůɛŬŰɞɠ 

[361]. ɆŰŬ [362-363] ŭɑɜɞɜŰŬɘ ůɡɔəɟɑůŮɘɠ əŬɘ ŬɝɘɞɚɞɔɐůŮɘɠ ɔɘŬ Űɘɠ ŭɨɞ ŰŮɢɜɘəɏɠ ůŮ ŰɖɚŮˊɘůəɞˊɘəɏɠ 

ŮűŬɟɛɞɔɏɠ. 

ȼ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ŰŮɢɜɘəɐ Ŭɝɘɞɚɧɔɖůɖɠ ɛɑŬɠ əŬŰɎŰɛɖůɖɠ ɜŮűɩɜ ůɖɛŮɑɤɜ ůŮ ŮˊɑˊŮŭŬ ŮɑɜŬɘ ŬɡŰɐ 

ˊɞɡ əŬŰŬɔɟɎűŮɘ Űɞɡɠ ˊŬɟŬəɎŰɤ Űɨˊɞɡɠ ɞɜŰɞŰɐŰɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Ůˊɘˊɏŭɤɜ: 

- Ƀɟɗɩɠ ˊɟɞůŭɘɞɟɘůɛɏɜŬ ŮˊɑˊŮŭŬ (correct planes): ȷˊɞŰŮɚɞɨɜ ŮˊɑˊŮŭŬ ˊɞɡ 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɟɗɎ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɗŮɤɟɞɨɜŰŬɘ ɤɠ TP ɞɜŰɧŰɖŰŮɠ. 

- ɀɖ əŬŰŬŰɛɖɛɏɜŬ ŮˊɑˊŮŭŬ (non-segmented planes):  ȷˊɞŰŮɚɞɨɜ ŮˊɑˊŮŭŬ ˊɞɡ ŭŮɜ 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ Ůɜɩ ɏˊɟŮˊŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɗŮɤɟɞɨɜŰŬɘ ɤɠ FN 

ɞɜŰɧŰɖŰŮɠ. 
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- Ɉˊɞ-əŬŰŬŰɛɖɛɏɜŬ ŮˊɑˊŮŭŬ (under-segmented planes): ȷˊɞŰŮɚɞɨɜ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ 

ŮˊɑˊŮŭŬ ŰŬ ɞˊɞɑŬ ůɡɜŮɜɩɗɖəŬɜ ŮůűŬɚɛɏɜŬ ůŮ ɏɜŬ ŮˊɑˊŮŭɞ. ɇŬ ŮˊɑˊŮŭŬ ŬɡŰɎ ɗŮɤɟɞɨɜŰŬɘ 

ɤɠ FN ɞɜŰɧŰɖŰŮɠ.   

- YˊŮɟ-əŬŰŬŰɛɖɛɏɜŬ ŮˊɑˊŮŭŬ (over-segmented planes): ȷˊɞŰŮɚɞɨɜ ŮˊɑˊŮŭŬ ˊɞɡ 

ɡˊɞŭɘŬɘɟɏɗɖəŬɜ ŮůűŬɚɛɏɜŬ ůŮ ˊŮɟɘůůɧŰŮɟŬ. ɇŬ ŮˊɑˊŮŭŬ ŬɡŰɎ ɗŮɤɟɞɨɜŰŬɘ ɤɠ FP 

ɞɜŰɧŰɖŰŮɠ.   

- ɄɚŬůɛŬŰɘəɎ ŮˊɑˊŮŭŬ (spurious planes): ȷˊɞŰŮɚɞɨɜ ŮˊɑˊŮŭŬ ˊɞɡ ŮɑɜŬɘ Ŭɛɘɔɩɠ ŮůűŬɚɛɏɜŬ 

əŬɘ ŭŮɜ ɗŬ ɏˊɟŮˊŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɗŮɤɟɞɨɜŰŬɘ ɤɠ FP ɞɜŰɧŰɖŰŮɠ. 

ɆŰɖɜ ȺɘəɧɜŬ 2.20 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ Űɡˊɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ FN əŬɘ FP ɞɜŰɞŰɐŰɤɜ ůŮ ˊŮɟɑˊŰɤůɖ 

əŬŰɎŰɛɖůɖɠ əŰɘůɛɎŰɤɜ ůŮ ŮˊɑˊŮŭŬ ɔɘŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR [344]. ȼ ˊɞůɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ 

Űɖɠ əŬŰɎŰɛɖůɖɠ ɜŮűɩɜ ůɖɛŮɑɤɜ ůŮ ŮˊɑˊŮŭŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ əŬŰŬɔɟɎűɞɜŰŬɠ Űɘɠ ɞɜŰɧŰɖŰŮɠ TP, FN 

əŬɘ FP ɓɎůŮɘ ŭŮŭɞɛɏɜɤɜ Ůɚɏɔɢɞɡ əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊɞůɞůŰɎ ŮˊɘŰɡɢɑŬɠ Cm, Cr əŬɘ 

Q [10] [12] [361].  

 

                         

ȺɘəɧɜŬ 2.20: ɇɡˊɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ FN əŬɘ FP ɞɜŰɞŰɐŰɤɜ ůŮ ˊŮɟɑˊŰɤůɖ əŬŰɎŰɛɖůɖɠ ɞɟɞűɩɜ əŰɘůɛɎŰɤɜ ůŮ 

ŮˊɑˊŮŭŬ ɔɘŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR. Ʉɖɔɐ: [344] 
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ȾȺūȷȿȷȽɃ 3: ɁȺūȼ ɆȼɀȺȽɋɁ ɆȺ ɆɈɁŪȺɇȺɆ 

ȷɆɇȽȾȺɆ ɄȺɅȽɃɉȺɆ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.4.2, ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ ɏɢɞɡɜ ɔɑɜŮɘ ŬɟəŮŰɏɠ 

ůɡɔəɟɑůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM ůŮ ŭɘɎűɞɟŮɠ ŮɜŬɏɟɘŮɠ ŮűŬɟɛɞɔɏɠ. 

ɋůŰɧůɞ, ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ, Ŭűɞɟɞɨɜ Űɡˊɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ Ůɜɩ ɖ 

ŬɜɎŭŮɘɝɖ Űɤɜ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ Ůɘŭɩɜ ɜŮűɩɜ ůɖɛŮɑɤɜ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ŬˊŮɡɗŮɑŬɠ 

ůɨɔəɟɘůɖɠ Űɞɡɠ. ɆŰɧɢɞɠ Űɞɡ ˊŬɟɧɜŰɞɠ əŮűŬɚŬɑɞɡ ŮɑɜŬɘ ɖ ŬɜɎŭŮɘɝɖ Űɤɜ ŭɘŬűɞɟɩɜ Űɞɡɠ ɧɢɘ ɛɧɜɞ 

ɛɏůŬ Ŭˊɧ Űɖɜ ŬˊŮɡɗŮɑŬɠ ůɨɔəɟɘůɐ Űɞɡɠ ŬɚɚɎ əŬɘ ɛɏůŬ Ŭˊɧ Űɖ ůɨɔəɟɘůɖ űɤŰɞɔɟŬɛɛŮŰɟɘəɩɜ 

ˊɟɞɥɧɜŰɤɜ (ɞɟɗɞŮɘəɧɜŮɠ). Ⱥˊɑůɖɠ, ɞɘ ůɡɔəɟɑůŮɘɠ ŬɡŰɏɠ ɔɑɜɞɜŰŬɘ ůŮ ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ 

ɘŭɘŬɑŰŮɟɖ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ ɏɜŰɞɜŮɠ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ ɧˊɤɠ əŬɘ ůŮ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ȼ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɓɟɑůəŮŰŬɘ ůŰɖ ɜɐůɞ ɀɐɚɞ, ȺɚɚɎŭŬ. ɄɟɧůɗŮŰɞɠ ůŰɧɢɞɠ ŮɑɜŬɘ ɖ əŬŰŬɔɟŬűɐ Űɤɜ 

ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ɧɟɘŬ Űɤɜ əŰɘůɛɎŰɤɜ, Űɧůɞ ůŰŬ ɜɏűɖ ůɖɛŮɑɤɜ ɧůɞ əŬɘ ůŰɘɠ 

ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ, əŬɗɩɠ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ŬɡŰɎ ˊɟɧəŮɘŰŬɘ ɜŬ ŮˊɖɟŮɎůɞɡɜ ůɖɛŬɜŰɘəɎ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ŬɜɑɢɜŮɡůɖɠ, əŬŰɎŰɛɖůɖɠ əŬɘ ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ 

əŰɘůɛɎŰɤɜ (əŮűɎɚŬɘŬ 4, 5 əŬɘ 6). Ⱥˊɘˊɚɏɞɜ, ɔɑɜŮŰŬɘ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ 

ɛŮɗɧŭɞɡ SGM əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ DIM.  

3.1 ɀŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ 

ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŬɜŬˊŰɨɢɗɖəŮ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ ɞˊɞɑŬɠ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.1. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ DIM, ŰŬ ůŰɎŭɘŬ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛŮɗɞŭɞɚɞɔɑŬ ŮɑɜŬɘ:  

- ŬŮɟɞŰɟɘɔɤɜɘůɛɧɠ Űɤɜ Ůɘəɧɜɤɜ, ˊɞɡ əŬɚɨˊŰɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ 

ŭŮůɛɩɜ (bundle adjustment), ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ŮɝɤŰŮɟɘəɞɨ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ (X, Y, Z, ɤ, ű, ə) Űɖɠ əɎɗŮ ŮɘəɧɜŬɠ, 

- Ůˊɘˊɞɚɘəɐ ŮˊŬɜŬůɨůŰŬůɖ Űɤɜ Ůɘəɧɜɤɜ, ɓɎůŮɘ Űɤɜ ɡˊɞɚɞɔɘůɗɏɜŰɤɜ ŮɝɤŰŮɟɘəɩɜ 

ˊɟɞůŬɜŬŰɞɚɘůɛɩɜ [87] [364],  

- ŮəŰɏɚŮůɖ ŭɘŬŭɘəŬůɑŬɠ DIM ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɢŬɟŰɩɜ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ, 

- ŮɝŬɔɤɔɐ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ, 

- ɔŮɤŬɜŬűɞɟɎ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ ůŰɞ Ⱥɚɚɖɜɘəɧ ũŮɤŭŬɘŰɘəɧ ɆɨůŰɖɛŬ ȷɜŬűɞɟɎɠ 

(ȺũɆȷô87) ɛɏůɤ 3ȹ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɞɛɞɘɧŰɖŰŬɠ (3D similarity transform), ɛŮ Űɖ 

ɢɟɐůɖ űɤŰɞůŰŬɗŮɟɩɜ ůɖɛŮɑɤɜ (Ground Control Points-GCPs), 

- ŮɝŬɔɤɔɐ Űɞɡ DSM ůŮ ɣɖűɘŭɤŰɐ ɛɞɟűɐ (rasterization), 

- ˊŬɟŬɔɤɔɐ ɞɟɗɞŮɘəɧɜŬɠ. 
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ȼ ŮɝŬɔɤɔɐ Űɞɡ DSM ůŮ ɣɖűɘŭɤŰɐ ɛɞɟűɐ ŮəŰŮɚŮɑŰŬɘ ůŮ ŭɨɞ ůŰɎŭɘŬ. ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ, 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ŮˊɘűɎɜŮɘŬ ˊɚɏɔɛŬŰɞɠ Űɟɘɔɩɜɤɜ. ɀɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ŭɖɛɞűɘɚŮɑɠ ŰŮɢɜɘəɏɠ 

Űɟɘɔɤɜɘůɛɞɨ ŮɑɜŬɘ ɖ Voronoi [365]. ɆŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ, ɔɑɜŮŰŬɘ ŮˊɑɗŮůɖ Ůɜɧɠ əŬɜɎɓɞɡ ˊɎɜɤ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ˊɚɏɔɛŬŰɞɠ Űɟɘɔɩɜɤɜ əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɞɜ ɛɏůɞ ɧɟɞ Űɤɜ Űɘɛɩɜ Űɤɜ ɡɣɞɛɏŰɟɤɜ ɔɘŬ 

ɧůŬ ůɖɛŮɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŮɛˊɑˊŰɞɡɜ ůŰɖɜ əɎɗŮ ŮɘəɞɜɞɣɖűɑŭŬ Űɖɠ ŮɘəɧɜŬɠ raster [23].  

ɇŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ˊɟɞɐɚɗŬɜ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɖ ŮɟɔŬůɑŬ [366], ůŰŬ ɞˊɞɑŬ ɏɔɘɜŮ 

ŭɘŬůűɎɚɘůɖ ˊɞɘɧŰɖŰŬɠ (Quality Assurance-QA) əŬɘ ŮɝŬəɟɑɓɤůɖ ŬɡŰɐɠ (Quality Control-QC). Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɏɔɘɜŮ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐ ůɨɔəɟɘůɖ Űɞɡ LIDAR/DSM ɛŮ ɎɚɚŬ ɡˊɧɓŬɗɟŬ ŬɜŬűɞɟɎɠ, 

ɛŮ Űɖɜ ŰŮɚɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ ɛŮŰŬɝɨ Űɞɡɠ ɜŬ ŮɛˊɑˊŰŮɘ ŮɜŰɧɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 1 m ˊɞɡ ɐŰŬɜ əŬɘ ɖ 

ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ɧɚɖɠ ŭɘŬŭɘəŬůɑŬɠ. ȼ ɡɣɞɛŮŰɟɘəɐ ŬəɟɑɓŮɘŬ Űɞɡ LIDAR/DɇM ɐŰŬɜ Űɖɠ ŰɎɝɖɠ Űɤɜ 

0.20 m, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘɓŮɓŬɑɤůŮ Űɖɜ ɡɣɖɚɐ ɡɣɞɛŮŰɟɘəɐ ˊɞɘɧŰɖŰŬ Űɤɜ ŮˊɘűŬɜŮɘɩɜ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭŮŭɞɛɏɜŬ LȽDAR. Ⱥˊɑůɖɠ, ɏɔɘɜŮ ˊŬɟŬɔɤɔɐ ɞɟɗɞŮɘəɧɜŬɠ, ɛŮ ɢɟɐůɖ GCPs Ŭˊɧ 

Űɞ LIDAR/DSM. ȼ ɡˊɏɟɗŮůɖ Űɖɠ ɞɟɗɞŮɘəɧɜŬɠ Ůˊɑ Űɖɠ ŮɘəɧɜŬɠ ɏɜŰŬůɖɠ, ɏŭŮɘɝŮ ˊɞɚɨ əŬɚɐ ŰŬɨŰɘůɖ 

ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɡˊɞɓɎɗɟɤɜ ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɖɜ əŬɚɐ ŮůɤŰŮɟɘəɐ ŬɝɘɞˊɘůŰɑŬ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ 

ɛŮɗɞŭɞɚɞɔɑŬɠ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůŰŬɗɛɞɨ ŮɟɔŬůɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ 

ŮűŬɟɛɞɔɐ ɐŰŬɜ CPU (Central Processing Unit) ůŰŬ 2.00 GHz əŬɘ 4Gȸ ɛɜɐɛɖ RAM. 

 

 

ȺɘəɧɜŬ 3.1: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɔɘŬ Űɖ ůɨɔəɟɘůɖ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM 

əŬɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɞɟɗɞŮɘəɧɜɤɜ.  

3.2 ȺűŬɟɛɞɔɐ 

3.2.1 ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ əŬɘ ŭŮŭɞɛɏɜŬ 

ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ůɨɔəɟɘůɖɠ Űɤɜ ɜŮűɩɜ 

ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM, ɓɟɑůəŮŰŬɘ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɖɠ ɜɐůɞɡ ɀɐɚɞɡ, ȾɡəɚɎŭŮɠ, ȺɚɚɎŭŬ 

əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ŬůŰɘəɏɠ əŬɘ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ (ȺɘəɧɜŬ 3.2). ɇŬ əŰɑůɛŬŰŬ ůŰɘɠ ŬůŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ ɏɢɞɡɜ ˊɞɚɨˊɚɞəɖ ŭɞɛɐ əŬɗɩɠ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ȾɡəɚŬŭɑŰɘəɖ ŬɟɢɘŰŮəŰɞɜɘəɐ (ůɡɜŮɢɏɠ 

ůɨůŰɖɛŬ ŭɧɛɖůɖɠ ɛŮ ɓŬɗɛɘŭɤŰɏɠ ɡɣɞɛŮŰɟɘəɏɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ Ůˊɘˊɏŭɤɜ Űɤɜ ůŰŮɔɩɜ). Ƀɘ ůŰɏɔŮɠ 

Űɤɜ əŰɘůɛɎŰɤɜ ůŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɞɡɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ ɚŮɡəɧ ɢɟɩɛŬ. Ƀɘ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ 

ˊŮɟɘɏɢɞɡɜ əɡɟɑɤɠ çɔɡɛɜɧè ɏŭŬűɞɠ (bare-earth) ɛŮ Űɞˊɘəɏɠ ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ ŬɜŬɔɚɨűɞɡ 
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(ˊ.ɢ. ɨˊŬɟɝɖ ŬɜŬɓŬɗɛɩɜ ɐ ŬˊɧŰɞɛɤɜ ˊɚŬɔɘɩɜ) ŬɚɚɎ əŬɘ ůˊɞɟŬŭɘəɎ əŰɑůɛŬŰŬ ˊɞɡ ůŰɘɠ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ɝŮɜɞŭɞɢŮɘŬəɎ ůɡɔəɟɞŰɐɛŬŰŬ.  

 

 

ȺɘəɧɜŬ 3.2: ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ůŰɖ ɜɐůɞ ɀɐɚɞ, ȺɚɚɎŭŬ. 

 

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ RGB ŮɘəɧɜŮɠ əŬɘ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ 

LIDAR, ŰŬ ɞˊɞɑŬ ɚɐűɗɖəŬɜ ŰŬɡŰɧɢɟɞɜŬ (ɄɑɜŬəŬɠ 3.1). ũɘŬ Űɘɠ ŬɜɎɔəŮɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɤɜ 

Ůɘəɧɜɤɜ ɛŮŰɟɐɗɖəŬɜ ůŰɞ ˊŮŭɑɞ 9 GCPs, ɛŮ Űɖ ɢɟɐůɖ ŭɘˊɚɧůɡɢɜɞɡ ŭɏəŰɖ GNSS əŬɘ Űɖ ɛɏɗɞŭɞ 

Real Time Kinematic (RTK), ɛŮ ŬəɟɑɓŮɘŬ əŬɚɨŰŮɟɖ Ŭˊɧ 3 cm əŬɘ ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ. Ⱥˊɑůɖɠ, 

ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Ůɚɏɔɢɞɡ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮŰɟɐɗɖəŬɜ əŬɘ 18 ůɖɛŮɑŬ Ůɚɏɔɢɞɡ (Check Points-

CPs) əŬŰŬɜŮɛɖɛɏɜŬ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. Ƀɘ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɏɠ (ůx, ůy) əŬɘ 

ɡɣɞɛŮŰɟɘəɏɠ ŬəɟɑɓŮɘŮɠ ůz Űɤɜ ŭŮŭɞɛɏɜɤɜ ɡˊɞɚɞɔɑůŰɖəŬɜ ɓɎůŮɘ Űɤɜ CPs [23] [367]. 
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 LIDAR  ȺɘəɧɜŮɠ 

ȹɏəŰɖɠ ALS50-II  Leica RCD105 

ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ Ɂɏűɞɠ ůɖɛŮɑɤɜ RGB ŮɘəɧɜŮɠ (ŮˊɘəɎɚɡɣɖ 60%) 

ɄɡəɜɧŰɖŰŬ ɜɏűɞɡɠ 

ůɖɛŮɑɤɜ  GSD  
2.5 ůɖɛŮɑŬ/m2Ÿ0.60 m 10 ůɖɛŮɑŬ/m2Ÿ0.30 m 

Ƀɟɘɕ. ŬəɟɑɓŮɘŬ ůx, ůy 1.18 m 0.20 m 

ɈɣɞɛŮŰɟ. ŬəɟɑɓŮɘŬ ůz 0.18 m 0.45 m 

ɃˊŰɘəɞˊɞɑɖůɖ 

 
ɇɘɛɏɠ ɏɜŰŬůɖɠ 

 
ūɤŰɞɔɟŬɛɛŮŰɟɘəɧ ɛˊɚɞə 

ɄɑɜŬəŬɠ 3.1: ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůŮŰ ŭŮŭɞɛɏɜɤɜ Űɖɠ ɀɐɚɞɡ. Ʉɖɔɏɠ: [23] [368] 

3.2.2 Ɇɨɔəɟɘůɖ ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR  əŬɘ DIM   

ȼ ŭɘŬŭɘəŬůɑŬ DIM ŮűŬɟɛɧůŰɖəŮ ɔɘŬ əɎɗŮ ŭɘŬŭɞɢɘəɧ ɕŮɨɔɞɠ Ůˊɘˊɞɚɘəɩɜ Ůɘəɧɜɤɜ ɛŮ ɢɟɐůɖ Űɖɠ 

ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Visual C++ Űɖɠ Microsoft əŬɘ Űɖɠ ŬɜɞɘɢŰɐɠ ɓɘɓɚɘɞɗɐəɖɠ OpenCV 

[369]. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɡɜɎɟŰɖůɖ StereoSGBM (Stereo Semi Global Block 

Matching) [370], ɛŮ Űɖɜ ɞˊɞɑŬ ŮəŰŮɚŮɑŰŬɘ ɖ ɡˊɞ-ůɨɜɞɚɖ ɛɏɗɞŭɞɠ SGM ɛŮ Űɖ ɛɏɗɞŭɞ əɧůŰɞɡɠ 

ůɡɜŰŬɨŰɘůɖɠ BT [116]. ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ɓɏɚŰɘůŰɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŰɖ ŭɘŬŭɘəŬůɑŬ DIM 

ŮɝŮŰɎůŰɖəŮ ɖ ŮɡŬɘůɗɖůɑŬ ŰŮůůɎɟɤɜ ɓŬůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůŮ ŬůŰɘəɏɠ əŬɘ ɖɛɘ-

ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ: 1) BT_ws, ŭɘɎůŰŬůɖ Űɞɡ ɣɖűɘŬəɞɨ ˊŬɟŬɗɨɟɞɡ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ 

ůɡůůɤɛŬŰɤɛɏɜɞɡ əɧůŰɞɡɠ ůɡɜŰŬɨŰɘůɖɠ, 2) disp_lr, ɛɏɔɘůŰɖ ŮˊɘŰɟŮˊɧɛŮɜɖ ŭɘŬűɞɟɎ (ůŮ 

ŮɘəɞɜɞɣɖűɑŭŮɠ) əŬŰɎ Űɞɜ ɏɚŮɔɢɞ Ŭɛűɑŭɟɞɛɖɠ ůɡɛɓŬŰɧŰɖŰŬɠ, 3) Pr1, ́ ŬɟɎɛŮŰɟɞɠ ɔɘŬ Űɖ ŭɏůɛŮɡůɖ 

ŮɝɞɛɎɚɡɜůɖɠ ɧŰŬɜ ɞɘ ɔŮɘŰɞɜɘəɏɠ ŮɘəɞɜɞɣɖűɑŭŮɠ ɏɢɞɡɜ ɛɘəɟɏɠ ŭɘŬűɞɟɏɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ, 

əŬɘ 4) Pr2, ˊŬɟɎɛŮŰɟɞɠ ɔɘŬ Űɖ ŭɏůɛŮɡůɖ ŮɝɞɛɎɚɡɜůɖɠ ɧŰŬɜ ɞɘ ɔŮɘŰɞɜɘəɏɠ ŮɘəɞɜɞɣɖűɑŭŮɠ ɏɢɞɡɜ 

ɛŮɔɎɚŮɠ ŭɘŬűɞɟɏɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ (ȺɘəɧɜŬ 3.2).  

ȼ ɢɟɐůɖ ɛɘəɟɩɜ ŭɘŬůŰɎůŮɤɜ ɣɖűɘŬəɞɨ ˊŬɟŬɗɨɟɞɡ 3Ĭ3 űŬɑɜŮŰŬɘ ˊɤɠ ŬˊɏŭɤůŮ əŬɚɨŰŮɟŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŬ ɛŮɔŬɚɨŰŮɟŬ Űɧůɞ ůŰɘɠ ŬůŰɘəɏɠ ɧůɞ əŬɘ ůŰɘɠ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. 

Ⱥˊɑůɖɠ, ɞɘ ŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ disp_lr, Pr1 əŬɘ Pr2 ůɡɜŮɘůɏűŮɟŬɜ ůŰɖ ɓɏɚŰɘůŰɖ 

Ŭˊɧŭɞůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŮɘŭɘəɎ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ɏɜŰɞɜŮɠ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ əŬɘ ŬˊɞəɟɨɣŮɘɠ. 

ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟŮŰŬɘ ˊɤɠ ɞ ɡˊɞɚɞɔɘůŰɘəɧɠ ɢɟɧɜɞɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Ůɜɧɠ ɢɎɟŰɖ ɣɖűɘŬəɐɠ x-

ˊŬɟɎɚɚŬɝɖɠ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ɛŮ ŮɛɓŬŭɧɜ ŮˊɘűɎɜŮɘŬɠ 0.19 Km2 (1355Ĭ1615 ŮɘəɞɜɞɣɖűɑŭŮɠ) ɐŰŬɜ 

4.5 sec. ɆŰɖɜ ȺɘəɧɜŬ 3.3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɢɎɟŰŮɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ Űɟɘɩɜ ŮˊɘɚŮɔɛɏɜɤɜ 

ŰɛɖɛɎŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM ɢɟɤɛŬŰɘůɛɏɜŬ Ŭˊɧ Űɘɠ 

Ůˊɘˊɞɚɘəɏɠ ŮɘəɧɜŮɠ ŬɜŬűɞɟɎɠ.  
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ɄɑɜŬəŬɠ 3.2: ɉɎɟŰŮɠ ɣɖűɘŬəɐɠ x-ˊŬɟɎɚɚŬɝɖɠ ŬůŰɘəɩɜ əŬɘ ɖɛɘ-ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘŬűɞɟŮŰɘəɐ 

ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ SGM. ɀŮ əɡŬɜɧ ɢɟɩɛŬ ɡ́ ɞŭŮɘəɜɨɞɜŰŬɘ ɞɘ ŰŮɚɘəɏɠ ŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ. 

 

ȼ ɔŮɤŬɜŬűɞɟɎ Űɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ DIM ůŰɞ ȺũɆȷô87 ɏɔɘɜŮ ɛɏůɤ 3ȹ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

ɞɛɞɘɧŰɖŰŬɠ, ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ (ɀ.Ⱥ.ɇ.), əŬɘ Űɖ ɢɟɐůɖ əŬŰŬɜŮɛɖɛɏɜɤɜ 

GCPs əŬɘ CPs [120]. ũɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɞɛɞɘɧŰɖŰŬɠ ůɡɜŰɎɢɗɖəŮ əɩŭɘəŬɠ 

ůŰɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ MATLAB  [196]. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ 3ȹ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

ɞɛɞɘɧŰɖŰŬɠ ŮɑɜŬɘ ŮűŰɎ: ŰɟŮɘɠ ɛŮŰŬɗɏůŮɘɠ (Tx ,Ty ,Tz), ŰɟŮɘɠ ůŰɟɞűɏɠ (ɤ, ű, ə) əŬɘ ɏɜŬɠ ůɡɜŰŮɚŮůŰɐɠ 

əɚɑɛŬəŬɠ (Sc). ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɔŮɤŬɜŬűɞɟɎɠ ɛŮŰɟɐɗɖəŬɜ 

ˊɟɧůɗŮŰŬ GCPs əŬɘ CPs ůŰɞɜ ɣɖűɘŬəɧ űɤŰɞɔɟŬɛɛŮŰɟɘəɧ ůŰŬɗɛɧ ɛɏůɤ ůŰŮɟŮɞůəɞˊɘəɐɠ 

Ŭˊɧŭɞůɖɠ, ɚɧɔɤ Űɖɠ ŭɡůəɞɚɑŬɠ ůəɧˊŮɡůɖɠ ůŰɞ ɜɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM Ɏɚɚɤɜ ɛŮŰɟɖɛɏɜɤɜ ůŰɞ 

ˊŮŭɑɞ GCPs əŬɘ CPs ůŰɞ ˊŮŭɑɞ ɚɧɔɤ Űɞˊɘəɩɜ ŬɚɚɞɘɩůŮɤɜ ůŮ Ŭəɛɏɠ ŬɜŰɘəŮɘɛɏɜɤɜ, ɔɤɜɑŮɠ 

əŰɘůɛɎŰɤɜ ə.ɚˊ.  ɆŰɞɜ ɄɑɜŬəŬ 3.3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ 7 ɡˊɞɚɞɔɘůɗŮɑůŮɠ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ 3ȹ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɞɛɞɘɧŰɖŰŬɠ ɧˊɤɠ əŬɘ ɞɘ ŮˊɘŰŮɡɢɗŮɑůŮɠ ŬəɟɑɓŮɘŮɠ (Űɡˊɘəɧ ůűɎɚɛŬ ůɞ əŬɘ rms ) 

Űɖɠ ɔŮɤŬɜŬűɞɟɎɠ ɓɎůŮɘ CPs.  

 

 

 

 

 

 

             ȷůŰɘəɐ ˊŮɟɘɞɢɐ 

                  
 

 

          ȼɛɘ-ŬůŰɘəɐ ˊŮɟɘɞɢɐ 

     

            

 

  BT_ws 

 

    3 

 

7 

 

15 

            

 

  BT_ws 

 

    3 

 

7 

 

15 

 

 

disp_lr 

 

    1 

 

15 

 

50 

 

 

disp_lr 

 

    1 

 

15 

 

50 

 

 

Pr 1, Pr 2 

 

        10, 100 

 

      100, 500 

 

   100, 1000 

 

 

Pr 1, Pr 2 

 

       10, 100 

 

     100, 500 

 

  100, 1000 
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ȺɘəɧɜŬ 3.3: Ɂɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM ɔɘŬ ŰɟŮɘɠ ɡˊɞ-ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ. 

 

ɄŬɟɎɛŮŰɟɞɘ Űɞɡ 3ȹ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɞɛɞɘɧŰɖŰŬɠ ȷəɟɑɓŮɘŮɠ ɔŮɤŬɜŬűɞɟɎɠ ɓɎůŮɘ ůɖɛŮɑɤɜ Ůɚɏɔɢɞɡ 

 ȷůŰɘəɐ ˊŮɟɘɞɢɐ ȼɛɘ-ŬůŰɘəɐ ˊŮɟɘɞɢɐ  
ȷůŰɘəɐ 

ˊŮɟɘɞɢɐ 

ȼɛɘ-ŬůŰɘəɐ 

ˊŮɟɘɞɢɐ 

Tx (m) 538619.26 Ñ 1.20 537834.61 Ñ 1.55 rms (X) (m) 0.22 0.58 

Ty (m) 4066203.22 Ñ 1.15 4066137.01 Ñ1.55 rms (Y) (m) 0.15 0.95 

Tz (m) 147.39 Ñ 1.64 169.95 Ñ2.74 rms (Z) (m) 2.09 1.19 

ɤ (grad) -5.5883 Ñ 0.0145 Ȥ0.0078 Ñ 0.0105 Ɇɡɜɞɚɘəɧ rms (m) 2.10 1.63 

ű (grad) 0.8013 Ñ 0.0050 Ȥ7.8132 Ñ 0.0046 ůɞX 0.25 0.68 

ə (grad) -104.0000 Ñ0.0046 Ȥ306.6000 Ñ0.0042 ůɞY 0.17 1.09 

Sc -0.282 Ñ 0.001 Ȥ0.271 Ñ0.001 ůɞZ 2.33 1.38 

ůɞ 1.66 1.46 Ɇɡɜɞɚɘəɧ ůɞ (m) 2.35 1.88 

ɄɑɜŬəŬɠ 3.3: Ƀɘ ɡˊɞɚɞɔɘůɗŮɑůŮɠ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ 3ȹ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɞɛɞɘɧŰɖŰŬɠ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM əŬɘ 

ɞɘ ŮˊɘŰŮɡɢɗŮɑůŮɠ ŬəɟɑɓŮɘŮɠ Űɖɠ ɔŮɤɜŬűɞɟɎɠ ɓɎůŮɘ ůɖɛŮɑɤɜ Ůɚɏɔɢɞɡ. 

Ⱥˊɘˊɞɚɘəɐ ŮɘəɧɜŬ     

ŬɜŬűɞɟɎɠ 

ɉɎɟŰɖɠ ɣɖűɘŬəɐɠ                 

ɢ-ˊŬɟɎɚɚŬɝɖɠ 
Ɂɏűɞɠ ůɖɛŮɑɤɜ Ŭˊɧ DIM  
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ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ůɨɔəɟɘůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɜŮűɩɜ ůɖɛŮɑɤɜ, ɛŮŰŬůɢɖɛŬŰɑůŰɖəŮ Űɞ ɜɏűɞɠ 

ůɖɛŮɑɤɜ Ŭˊɧ LIDAR Ŭˊɧ Űɞ ůɨůŰɖɛŬ WGSô84/UTM/Z35N ůŰɞ ȺũɆȷô87. ũɘŬ Űɖɜ ŬˊŬɚɞɘűɐ 

ˊɘɗŬɜɩɜ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɩɜ əŬɘ ɡɣɞɛŮŰɟɘəɩɜ ůɡůŰɖɛŬŰɘəɩɜ ɛŮŰŬɗɏůŮɤɜ ŮűŬɟɛɧůŰɖəŮ ˊɟɩŰŬ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ICP. ɆŰɖɜ ȺɘəɧɜŬ 3.4 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬˊŮɡɗŮɑŬɠ ůɨɔəɟɘůɖɠ 

ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɜŮűɩɜ ůɖɛŮɑɤɜ ɛɏůɤ Űɖɠ ŰŮɢɜɘəɐɠ Űɤɜ ŬˊɧɚɡŰɤɜ ŭɘŬűɞɟɩɜ CloudtoCloud (C2C)-

height function ůŮ ˊŮɟɘɞɢɐ ŬɜŬɕɐŰɖůɖɠ 6 ɔŮɘŰɞɜɘəɩɜ ůɖɛŮɑɤɜ [371-372]. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ 

ŭɘŬűɞɟɏɠ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŬɜ ɐŰŬɜ ůŰɘɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ əŬɘ ɞűŮɑɚɞɜŰŬɘ əɡɟɑɤɠ ůŮ 

ŬɜŬɜŰɘůŰɞɘɢɑŮɠ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ DIM ŬɚɚɎ əŬɘ ůŰɖɜ ɡˊɞ-ŭŮɘɔɛŬŰɞɚɖɣɑŬ (ɛɘəɟɐ ˊɡəɜɧŰɖŰŬ) 

Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR. ȼ ɛɘəɟɐ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜɏűɞɡɠ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ŮɑɢŮ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɞɡůɑŬ ůɖɛŬɜŰɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ůŰŬ ɧɟɘŬ əɎˊɞɘɤɜ əŰɘůɛɎŰɤɜ Ůɜɩ ˊŬɟɎɚɚɖɚŬ 

əɎˊɞɘŬ ɛɘəɟɎ əŰɑůɛŬŰŬ ˊŮɟɘɔɟɎűɖəŬɜ ɛŮɟɘəɩɠ. ɆŰɘɠ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɧˊɞɡ Űɞ ŬɜɎɔɚɡűɞ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɐŰŬɜ ˊɘɞ ɐˊɘɞ əŬɘ ɢɤɟɑɠ ˊɞɚɚɏɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ əŬŰŬůəŮɡɏɠ, ɞɘ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

Űɨˊɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ ɐŰŬɜ ɛɘəɟɧŰŮɟŮɠ. ɆŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ŮɝɐɢɗɖůŬɜ ŰŬ LIDAR/DSMs əŬɘ 

DIM/DSMs Űɖɠ ŬůŰɘəɐɠ əŬɘ Űɖɠ ɖɛɘ-ŬůŰɘəɐɠ ˊŮɟɘɞɢɐɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ 

ɞɟɗɞŮɘəɧɜɤɜ.   

 

 

  

ȺɘəɧɜŬ 3.4: Ɇɨɔəɟɘůɖ ɛŮŰŬɝɨ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR əŬɘ DIM ůŮ ŬůŰɘəɐ əŬɘ ɖɛɘ-ŬůŰɘəɐ ˊŮɟɘɞɢɐ. 

RGB ɃˊŰɘəɞˊɞɑɖůɖ ŬˊɧɚɡŰɤɜ ŭɘŬűɞɟɩɜ ůŰɞɜ 3ȹ ɢɩɟɞ  
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ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ŰŬ DIM/DSMs ɏɢɞɡɜ əŬɚɨŰŮɟɖ ŬɜɎɚɡůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ LIDAR/DSMs, ŰŬ 

ˊɟɩŰŬ ˊŬɟɞɡůɑŬůŬɜ ŰɞˊɘəɎ űŬɘɜɧɛŮɜŬ ɗɞɟɨɓɞɡ (ŰɟŬɢɨŰɖŰŬ ůɖɛŮɑɤɜ) ůŰɘɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ ůɖɛŬɜŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ůŰŬ ɧɟɘŬ Űɞɡɠ. ȼ ɢɟɐůɖ ˊɞɚɚŬˊɚɩɜ Ůɘəɧɜɤɜ əŬɘ ɖ 

ůɡɛˊɚɖɟɤɛŬŰɘəɐ ɚɐɣɖ ˊɚɎɔɘɤɜ Ůɘəɧɜɤɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɐůŮɘ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ˊɟɞɓɚɐɛŬŰŬ. ȷɜŰɑɗŮŰŬ, ŰŬ LIDAR/DSMs űŬɑɜŮŰŬɘ ˊɤɠ ˊŮɟɘɔɟɎűɞɡɜ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ˊɘůŰɧŰɖŰŬ 

ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ˊŬɟɎ Űɖ ɛɘəɟɧŰŮɟɖ ˊɡəɜɧŰɖŰɎ Űɞɡɠ. ɆŰɖɜ ȺɘəɧɜŬ 3.5 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ Űɡˊɘəɧ 

ˊɟɧɓɚɖɛŬ ŬɜŬɜŰɘůŰɞɘɢɘɩɜ əŬɘ ŮůűŬɚɛɏɜɤɜ ˊŬɟŮɛɓɞɚɩɜ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ Ůɚɚɘˊɐ ɡűɐ əŬŰɎ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɖɠ DIM ɛŮ ŮˊɑŭɟŬůɖ ůŰŬ ŮɝŬɢɗɏɜŰŬ DIM/DSMs. 

 

   

ȺɘəɧɜŬ 3.5: ȷɜŬɜŰɘůŰɞɘɢɑŮɠ (əɧəəɘɜɖ ɏɚɚŮɘɣɖ) əŬɘ ŮůűŬɚɛɏɜŮɠ ˊŬɟŮɛɓɞɚɏɠ (əɡŬɜɐ ɏɚɚŮɘɣɖ) əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

DIM ůŮ ˊŮɟɘɞɢɏɠ ɛŮ Ůɚɚɘˊɐ ɡűɐ. 

3.2.3 Ɇɨɔəɟɘůɖ ˊŬɟŬɔɧɛŮɜɤɜ ɞɟɗɞŮɘəɧɜɤɜ ɔɘŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR  əŬɘ DIM   

Ƀ ɏɚŮɔɢɞɠ ŬəɟɑɓŮɘŬɠ Űɤɜ ɞɟɗɞŮɘəɧɜɤɜ ɏɔɘɜŮ ɛɏůɤ 37 əŬŰŬɜŮɛɖɛɏɜɤɜ CPs ŰŬ ɞˊɞɑŬ ɛŮŰɟɐɗɖəŬɜ 

ůŮ ɣɖűɘŬəɧ űɤŰɞɔɟŬɛɛŮŰɟɘəɧ ůŰŬɗɛɧ ɛɏůɤ ůŰŮɟŮɞůəɞˊɘəɐɠ Ŭˊɧŭɞůɖɠ (ɄɑɜŬəŬɠ 3.4). ɆŰɖɜ 

ȺɘəɧɜŬ 3.6 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɞɟɗɞŮɘəɧɜŮɠ ˊɞɡ ŮɝɐɢɗɖůŬɜ Ŭˊɧ ŰŬ DIM/DSMs əŬɘ ŰŬ 

LIDAR/DSMs ɔɘŬ Űɖɜ ŬůŰɘəɐ əŬɘ Űɖɜ ɖɛɘŬůŰɘəɐ ˊŮɟɘɞɢɐ. ɆŰɘɠ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ 

ˊɟɞɓɚɐɛŬŰŬ əŬŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ DIM/DSMs əŬɘ Űɤɜ LIDAR/DSMs ŮɛűŬɜɑůŰɖəŬɜ 

ŬɜŰɑůŰɞɘɢŬ ŬɚɚɞɘɩůŮɘɠ ůŰɘɠ Ŭəɛɏɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰɘɠ ɞɟɗɞŮɘəɧɜŮɠ (əɧəəɘɜɞ ˊɚŬɑůɘɞ ůŰɖɜ 

ȺɘəɧɜŬ 3.6).  ɆŰɘɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ˊŬɟŬŰɖɟɐɗɖəŬɜ ɡɣɖɚɏɠ ůɡůŰɖɛŬŰɘəɏɠ ɛŮŰŬɗɏůŮɘɠ əŬŰɎ X əŬɘ 

ɔɘŬ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ɞɟɗɞŮɘəɧɜɤɜ, ɞɘ ɞˊɞɑŮɠ ɞűŮɑɚɞɜŰŬɘ, əɡɟɑɤɠ, ɔɘŬŰɑ ɞ ɏɚŮɔɢɞɠ ɓŬůɑůɗɖəŮ ůŮ 

ůɖɛŮɑŬ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ůŰɞɜ ɣɖűɘŬəɧ űɤŰɞɔɟŬɛɛŮŰɟɘəɧ ůŰŬɗɛɧ. Ⱥˊɑůɖɠ, ɖ ůɡůŰɖɛŬŰɘəɐ ŬɡŰɐ 

ɛŮŰŬŰɧˊɘůɖ ɞűŮɑɚŮŰŬɘ əŬɘ ůŮ ŮɜŬˊɞɛŮɑɜŬɜŰŬ ůűɎɚɛŬŰŬ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɔŮɤŬɜŬűɞɟɎɠ Űɤɜ 

ɜŮűɩɜ ůɖɛŮɑɤɜ. ũɘŬ Űɖɜ ŬˊŬɚɞɘűɐ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ůűŬɚɛɎŰɤɜ ůŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM 

ŮɜŭŮɑəɜɡŰŬɘ ŮɜɘŬɑŬ Ůˊɑɚɡůɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ˊɞɚɡŮɘəɞɜɘəɐ ˊɟɞůɏɔɔɘůɖ [144] ɐ əŬɘ ɛŮ ˊɘɞ 

ŮɝŮɚɘɔɛɏɜŮɠ ŰŮɢɜɘəɏɠ ɔŮɤŬɜŬűɞɟɎɠ [373-375]. Ƀɘ ŮˊɘŰŮɡɢɗŮɑůŮɠ ŬəɟɑɓŮɘŮɠ Űɤɜ ɞɟɗɞŮɘəɧɜɤɜ Ŭˊɧ 

ŰŬ LIDAR/DSMs ˊŬɟɞɡůɑŬůŬɜ ɞɛɞɘɞɔŮɜɐ ůɡɛˊŮɟɘűɞɟɎ ůŰɘɠ ŬůŰɘəɏɠ əŬɘ ůŰɘɠ ɖɛɘ-ŬůŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ (ůɞ=0.92 m) ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ DIM/DSMs ˊɞɡ ˊŬɟɞɡůɑŬůŬɜ ŬŭɡɜŬɛɑŮɠ ůŰɘɠ ŬůŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ (ůɞ=2.91 m). ɋůŰɧůɞ ůŰɘɠ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɞɘ ɞɟɗɞŮɘəɧɜŮɠ Űɧůɞ Ŭˊɧ ŰŬ 

LIDAR/DSMs ɧůɞ əŬɘ Ŭˊɧ ŰŬ DIM/DSMs ˊŬɟɞɡůɑŬůŬɜ ɘəŬɜɞˊɞɘɖŰɘəɏɠ ŬəɟɑɓŮɘŮɠ (ůɞ=0.92 m 

əŬɘ ůɞ=1.06 m  ŬɜŰɑůŰɞɘɢŬ).  

RGB ŮɘəɧɜŬ DIM/DSM  LIDAR /DSM 
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ȺɘəɧɜŬ 3.6: ɃɟɗɞŮɘəɧɜŮɠ Ŭˊɧ ŰŬ DIM/DSMs əŬɘ ŰŬ LIDAR/DSMs.  

ɄɑɜŬəŬɠ 3.4: ȷˊɞŰŮɚɏůɛŬŰŬ Űɞɡ Ůɚɏɔɢɞɡ ŬəɟɑɓŮɘŬɠ Űɤɜ ɞɟɗɞŮɘəɧɜɤɜ Ŭˊɧ ŰŬ DIM/DSMs əŬɘ LIDAR/DSMs. 

 

ȰɚŮɔɢɞɠ ŬəɟɑɓŮɘŬɠ 

ɞɟɗɞŮɘəɧɜɤɜ Ŭˊɧ ŰŬ 

DIM /DSMs  

ȷůŰɘəɐ 

ˊŮɟɘɞɢɐ 

ȼɛɘ-ŬůŰɘəɐ 

ˊŮɟɘɞɢɐ 

ȰɚŮɔɢɞɠ ŬəɟɑɓŮɘŬɠ 

ɞɟɗɞŮɘəɧɜɤɜ Ŭˊɧ ŰŬ 

LIDAR /DSMs 

ȷůŰɘəɐ 

ˊŮɟɘɞɢɐ 

ȼɛɘ-ŬůŰɘəɐ 

ˊŮɟɘɞɢɐ 

rms (X) 3.57 m  0.90 m rms (X) 3.67 m 1.44 m 

rms (Y) 0.98 m 0.65 m rms (Y) 0.57 m 0.90 m 

Ɇɡɜɞɚɘəɧ rms 3.70 m 1.11 m Ɇɡɜɞɚɘəɧ rms 3.71 m 1.70 m 

ɆɡůŰɖɛŬŰɘəɧ ůűɎɚɛŬ (X) 2.46 m 0.22 m ɆɡůŰɖɛŬŰɘəɧ ůűɎɚɛŬ (X) 3.60 m 1.40 m 

ɆɡůŰɖɛŬŰɘəɧ ůűɎɚɛŬ (Y) -0.13 m 0.31 m ɆɡůŰɖɛŬŰɘəɧ ůűɎɚɛŬ (Y) 0.19 m 0.33 m 

Ɇɡɜɞɚɘəɧ ůɡůŰɖɛŬŰɘəɧ 
ůűɎɚɛŬ 

2.46 m 0.38 m 
Ɇɡɜɞɚɘəɧ ůɡůŰɖɛŬŰɘəɧ 

ůűɎɚɛŬ 
3.60 m 1.44 m 

ůɞ (X) 2.73 m 0.89 m ůɞ (X) 0.73 m 0.31 m 

ůɞ (Y) 1.03 m 0.58 m ůɞ (Y) 0.55 m 0.86 m 

Ɇɡɜɞɚɘəɧ ůűɎɚɛŬ ůɞ 2.91 m 1.06 m Ɇɡɜɞɚɘəɧ ůűɎɚɛŬ ůɞ 0.92 m 0.92 m 

ɃɟɗɞŮɘəɧɜŬ Ŭˊɧ Űɞ DIM/DSM  ɃɟɗɞŮɘəɧɜŬ Ŭˊɧ Űɞ LIDAR /DSM 
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3.3 ɆɡɛˊŮɟɎůɛŬŰŬ 

ɇɧůɞ ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɧůɞ əŬɘ ŰŬ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM űŬɑɜŮŰŬɘ ˊɤɠ 

ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬəɧɛŬ əŬɘ ůŮ ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ 

ɘŭɘŬɑŰŮɟɖ ŬɟɢɘŰŮəŰɞɜɘəɐ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŮ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ɆŮ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɧˊɞɡ 

Űɞ ŬɜɎɔɚɡűɞ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ˊɘɞ ɐˊɘɞ əŬɘ ɢɤɟɑɠ ˊɞɚɚɏɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ əŬŰŬůəŮɡɏɠ, ɞɘ 

ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ Űɨˊɤɜ ɜŮűɩɜ ůɖɛŮɑɤɜ űŬɑɜŮŰŬɘ ˊɤɠ ŮɑɜŬɘ ɛɘəɟɏɠ. ȷɡŰɧ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮˊɑŰŮɡɝɖ ˊŬɟɧɛɞɘɤɜ ŬəɟɘɓŮɘɩɜ Ŭˊɧ Űɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ. ɄŬɟɧɚŬ ŬɡŰɎ, 

ůŰɘɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɏɜŰɞɜŮɠ ŬůɡɜɏɢŮɘŮɠ ɓɎɗɞɡɠ əŬɘ ŬˊɞəɟɨɣŮɘɠ, ŰŬ ɜɏűɖ 

ůɖɛŮɑɤɜ Ŭˊɧ DIM ́ ŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɏɠ Űɞˊɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ůŰŬ ɧɟɘŬ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. 

ȷɡŰɧ ɏɢŮɘ ŮˊɑˊŰɤůɖ əŬɘ ůŰɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ŬɜŰɑůŰɞɘɢŮɠ ŬɚɚɞɘɩůŮɘɠ. 

ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ɓɏɚŰɘůŰɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŰɖ ŭɘŬŭɘəŬůɑŬ DIM, ŬˊŬɘŰŮɑŰŬɘ ɖ əŬŰɎɚɚɖɚɖ 

ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ Űɞɡ ŮəɎůŰɞŰŮ ŮűŬɟɛɞɕɧɛŮɜɞɡ Ŭɚɔɞɟɑɗɛɞɡ. ȼ ɛɘəɟɐ ˊɡəɜɧŰɖŰŬ Űɞɡ ɜɏűɞɡɠ 

ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬˊɞɡůɑŬ ůɖɛŬɜŰɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ůŰŬ ɧɟɘŬ 

əɎˊɞɘɤɜ əŰɘůɛɎŰɤɜ Ůɜɩ ˊŬɟɎɚɚɖɚŬ əɎˊɞɘŬ ɛɘəɟɎ əŰɑůɛŬŰŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɛŮɟɘəɩɠ. ɋůŰɧůɞ, ŰŬ 

ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ˊŬɟɞɡůɘɎɕɞɡɜ ɞɛɞɘɞɔŮɜŮɑɠ ŬəɟɑɓŮɘŮɠ ůŰɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ 

Űɤɜ ŬůŰɘəɩɜ əŬɘ Űɤɜ ɖɛɘ-ŬůŰɘəɩɜ ˊŮɟɘɞɢɩɜ. ɇŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ɧɟɘŬ Űɤɜ 

əŰɘůɛɎŰɤɜ, Űɧůɞ ůŰŬ ɜɏűɖ ůɖɛŮɑɤɜ ɧůɞ əŬɘ ůŰɘɠ ˊŬɟŬɔɧɛŮɜŮɠ ɞɟɗɞŮɘəɧɜŮɠ, ˊɟɧəŮɘŰŬɘ ɜŬ 

ŮˊɖɟŮɎůɞɡɜ ůɖɛŬɜŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ŬɜɑɢɜŮɡůɖɠ, əŬŰɎŰɛɖůɖɠ əŬɘ 

ŮɜŰɞˊɘůɛɞɨ ɛŮŰŬɓɞɚɩɜ əŰɘůɛɎŰɤɜ. 
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ȾȺūȷȿȷȽɃ 4: ȷɁȽɉɁȺɈɆȼ ȾɇȽɆɀȷɇɋɁ   

 

ɆŰɧɢɞɠ Űɞɡ ˊŬɟɧɜŰɞɠ əŮűŬɚŬɑɞɡ ŮɑɜŬɘ ɖ ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ ɛɏůɤ ɜɏɤɜ ŰŮɢɜɘəɩɜ ŬɚɚɎ əŬɘ ɛɏůɤ 

Űɖɠ ŬɜɎˊŰɡɝɖɠ Ŭɚɔɞɟɑɗɛɤɜ ůŮ ŭŮŭɞɛɏɜŬ ɛŮ: 1) ɟŬŭɘɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ, 2) ɡɣɞɛŮŰɟɘəɐ 

ˊɚɖɟɞűɞɟɑŬ, 3) ůɡɜŭɡŬůɛɧ ɟŬŭɘɞɛŮŰɟɘəɐɠ əŬɘ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, 4) ůɡɜŭɡŬůɛɧ Űɡˊɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ (ŭɖɚŬŭɐ ɢɟɐůɖ ɛɧɜɞ Űɖɠ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖɠ 

ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɖɠ ɏɜŰŬůɖɠ əŬɘ Űɤɜ ˊɞɚɚŬˊɚɩɜ ŮˊɘůŰɟɞűɩɜ), əŬɘ 

5) ůɡɜŭɡŬůɛɧ əŬŰɎɚɚɖɚɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ (ŭɖɚŬŭɐ ůɡɜŭɡŬůŰɘəɐ 

ɢɟɐůɖ Űɖɠ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖɠ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɖɠ ɏɜŰŬůɖɠ əŬɘ Űɤɜ 

ˊɞɚɚŬˊɚɩɜ ŮˊɘůŰɟɞűɩɜ ɛŮ ɎɚɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ ŮɜŰɟɞˊɑŬ, əŬŰŬɜɞɛɐ Űɤɜ normals ə.Ɏ.). Ƀɘ 

ŰŮɢɜɘəɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Ŭɚɔɧɟɘɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ 

ˊŬɟŬɛŮŰɟɘəɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. Ⱥˊɘˊɚɏɞɜ ɔɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ 

ůŰɞɘɢŮɑɤɜ (əŬɜɎɚɘŬ, ŭŮɑəŰŮɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ) ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɧˊɤɠ əŬɘ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŰɟɞűɞŭɧŰɖůɖɠ 

Űɞɡɠ ɛŮ ŭɘɎűɞɟŬ ˊɞůɞůŰɎ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮűŬɟɛɞɕɧɛŮɜɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ŬɝɘɞɚɞɔɞɨɜŰŬɘ ˊɞɘɞŰɘəɎ əŬɘ ˊɞůɞŰɘəɎ əŬɘ ŭɘŮɟŮɡɜɎŰŬɘ ɖ ůɢɏůɖ ŬəɟɑɓŮɘŬɠ əŬɘ 

ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

Ŭˊɧ Ɏɚɚɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ Űɖɠ ŭɘŮɗɜɞɨɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ.   

4.1 ȷɚɔɧɟɘɗɛɞɠ ɓŬɗɘɎɠ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ   

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŮɟŮɨɜɖůɖ ɏɔɘɜŮ ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ ůŮ ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛɏůɤ ɓŬɗɘɎɠ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŮ: 1) ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR 2) ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ DIM, 3) ɞɟɗɞŮɘəɧɜŮɠ, 

əŬɘ 4) ůɡɜŭɡŬůɛɧ ɞɟɗɞŮɘəɧɜɤɜ əŬɘ ɜŮűɩɜ ůɖɛŮɑɤɜ Ŭˊɧ DIM [376-377]. Ƀɘ ŮɜŬɏɟɘŮɠ ŮɘəɧɜŮɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŮɟɘŮɑɢŬɜ ŭɘŬűɞɟŮŰɘəɐ ɟŬŭɘɞɛŮŰɟɑŬ (CIR, RGB əŬɘ ůŬɟɤɛɏɜŮɠ ŬůˊɟɧɛŬɡɟŮɠ) 

əŬɘ ɐŰŬɜ ŭɘŬűɞɟŮŰɘəɐɠ ŬɜɎɚɡůɖɠ. Ƀ ŰŬɝɘɜɞɛɖŰɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ ɏɜŬ ɓŬɗɨ ɜŮɡɟɤɜɘəɧ 

ŭɑəŰɡɞ CNN Űɞ ɞˊɞɑɞ ŰŬɝɘɜɧɛɖůŮ Űɖɜ əɎɗŮ ˊŮɟɘɞɢɐ ůŮ ŰɟŮɘɠ əɚɎůŮɘɠ: 1) çȾŰɑůɛŬŰŬè, 2) 

çȸɚɎůŰɖůɖè, əŬɘ 3) çȰŭŬűɞɠè, ɓɎůŮɘ ůɡɚɚŮɔɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ. ũɘŬ ɚɧɔɞɡɠ 

ůɨɔəɟɘůɖɠ, ŮűŬɟɛɧůŰɖəŬɜ əŬɘ Ɏɚɚɞɘ ůɡɛɓŬŰɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɧˊɤɠ SVM ɛŮ 

ɔɟŬɛɛɘəɧ ˊɡɟɐɜŬ (Linear kernel), SVM ɛŮ ɛɖ-ɔɟŬɛɛɘəɧ ˊɡɟɐɜŬ (Radial Base Function-RBF 

kernel) əŬɘ ɏɜŬ Űɡˊɘəɧ ɛɖ ɔɟŬɛɛɘəɧ ɜŮɡɟɤɜɘəɧ ŭɑəŰɡɞ ANN (ɛŮ 1 əɟɡűɧ ŮˊɑˊŮŭɞ). ȺˊɘɚɏɢɗɖəŬɜ 

ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ůɨɜɗŮŰɞ ŭɞɛɖɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɨˊɞɡɠ əŰɘůɛɎŰɤɜ ůŰɘɠ 

ˊɧɚŮɘɠ: 1) Vaihingen (ũŮɟɛŬɜɑŬ), 2) ɄŮɟɑůůŬ, ɜɐůɞɠ ɆŬɜŰɞɟɑɜɖ, ȺɚɚɎŭŬ, əŬɘ 3) ȾŬɚɞɢɩɟɘ, ɓɧɟŮɘŬ 

ȺɚɚɎŭŬ.  
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4.1.1 ɀŮɗɞŭɞɚɞɔɘəɐ ˊɟɞůɏɔɔɘůɖ 

ɆŰɖɜ ȺɘəɧɜŬ 4.1 ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɔɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ (əŰɑůɛŬŰŬ) ɛɏůɤ ŮˊɘɓɚŮˊɧɛŮɜɖɠ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ. ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ əŬŰɎɚɚɖɚɤɜ ůŰɞɘɢŮɑɤɜ, ŭɖɚŬŭɐ əŬɜŬɚɘɩɜ, ŭŮɘəŰɩɜ 

əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ŭˊɧ ŰŬ ůɡɚɚŮɔɛɏɜŬ ŭŮŭɞɛɏɜŬ. ũɘŬ Űɖɜ ŮɝŬɔɤɔɐ əŬɚɨŰŮɟɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɔɑɜŮŰŬɘ əŬɜɞɜɘəɞˊɞɑɖůɖ Űɤɜ Űɘɛɩɜ Űɞɡ əɎɗŮ ůŰɞɘɢŮɑɞɡ ůŰɞ 

ŬɜɞɘɢŰɧ ŭɘɎůŰɖɛŬ (0,1). ɇŬ ůɡɚɚŮɔɛɏɜŬ ůŰɞɘɢŮɑŬ ˊɚɐɗɞɡɠ l ŭɞɛɞɨɜŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ɛɑŬ çˊɞɚɡ-ŮˊɑˊŮŭɖè ŮɘəɧɜŬ Ůɘůɧŭɞɡ ˊɞɡ əŬɚŮɑŰŬɘ çMulti  Dimensional Feature 

Vectorè (MDFV) ɛŮ ɓɎɗɞɠ l. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɞɜɞɛɎɕŮŰŬɘ (band stack). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ Ŭɜ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɛɑŬ Colour-Ƚnfrared (CIR) 

ŮɘəɧɜŬ əŬɘ ɞ ŬɜŰɑůŰɞɘɢɞɠ ŭŮɑəŰɖɠ ɓɚɎůŰɖůɖɠ NDVI [191, 378-380], ŰɧŰŮ ŰŬ ůɡɚɚŮɔɛɏɜŬ ůŰɞɘɢŮɑŬ 

ŮɑɜŬɘ ŰŬ əŬɜɎɚɘŬ ˊɞɡ ůɡɜɗɏŰɞɡɜ Űɖɜ CIR ŮɘəɧɜŬ (ŭɖɚŬŭɐ ŰŬ NIR, R, G) əŬɘ ɞ ŭŮɑəŰɖɠ NDVI. ȰŰůɘ 

Űɞ MDFV ɛŮ ɓɎɗɞɠ  l =4 ɞɟɑɕŮŰŬɘ ɤɠ 

                                          MDFV=[NIR R G NDVI]                                               Ⱥɝ. 4.1 

ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ˊɟɞɏɚɗŮɘ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ˊɖɔɏɠ ŭŮŭɞɛɏɜɤɜ (ˊ.ɢ. ŮɘəɧɜŮɠ 

əŬɘ ɜɏűɖ ůɖɛŮɑɤɜ Ŭˊɧ LIDAR), ŰɧŰŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŮɘəɞɜɞɣɖűɑŭŬɠ Űɞɡ MDFV ŮˊɘɚɏɔŮŰŬɘ 

ůɡɜɐɗɤɠ ɜŬ ŮɑɜŬɘ Űɞ ɑŭɘɞ ɛŮ Űɞ ůŰɞɘɢŮɑɞ ˊɞɡ ɏɢŮɘ Űɖ ɛɘəɟɧŰŮɟɖ ŬɜɎɚɡůɖ.  

ɆŰɖɜ ˊŬɟɞɨůŬ ŮűŬɟɛɞɔɐ ɞ ŰŬɝɘɜɞɛɖŰɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ ɏɜŬ ɓŬɗɨ ɜŮɡɟɤɜɘəɧ ŭɑəŰɡɞ 

CNN [20] ůɖɛŬůɘɞɚɞɔɘəɐɠ əŬŰɎŰɛɖůɖɠ (semantic segmentation). ɇɞ ůɡɔəŮəɟɘɛɏɜɞ CNN ɧˊɤɠ 

əŬɘ əɎˊɞɘɞɘ Ɏɚɚɞɘ ŰŬɝɘɜɞɛɖŰɏɠ ŭŮɜ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ əŬɘ ŰŬɝɘɜɞɛɞɨɜ ɛŮɛɞɜɤɛɏɜŮɠ ŮɘəɞɜɞɣɖűɑŭŮɠ 

ŬɚɚɎ əŮɜŰɟɘəɏɠ ůŮ ɛɑŬ ɞɟɘɕɧɛŮɜɖ ɔŮɘŰɞɜɘəɐ ˊŮɟɘɞɢɐ ɛŮ ŭɘŬůŰɎůŮɘɠ ˊŬɟŬɗɨɟɞɡ sĬs (patch) [211]. 

ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬɘ ɞɘ ɢɤɟɘəɏɠ (spatial) ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɔŮɘŰɞɜɘəɩɜ 

Ůɘəɞɜɞɣɖűɑŭɤɜ. ȼ ˊŬɟŬŭɞɢɐ ŬɡŰɐ ŮˊɘəɡɟɩɜŮŰŬɘ əɡɟɑɤɠ ɔɘŬ ɛɘəɟɏɠ ŭɘŬůŰɎůŮɘɠ ˊŬɟŬɗɨɟɤɜ əŬɗɩɠ 

ɏŰůɘ ŬɡɝɎɜŮŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ Ŭɜɐəɞɡɜ ɞɘ ɔŮɘŰɞɜɘəɏɠ ŮɘəɞɜɞɣɖűɑŭŮɠ ůŰɖɜ ɑŭɘŬ əɚɎůɖ. 

ȺˊɘˊɟɞůɗɏŰɤɠ, ɖ ɢɟɐůɖ ɛɘəɟɩɜ ŭɘŬůŰɎůŮɤɜ patch ŭɘŬůűŬɚɑɕŮɘ ɛɘəɟɧ ɡˊɞɚɞɔɘůŰɘəɧ əɧůŰɞɠ. ɇɞ 

patch ŮɑɜŬɘ ůŰɖɜ ɞɡůɑŬ ɏɜŬɠ ŰŬɜɡůŰɐɠ (tensor) ŭɘŬůŰɎůŮɤɜ sĬsĬl ˊɞɡ ŮəˊɟɞůɤˊŮɑ Űɖɜ ŮəɎůŰɞŰŮ 

əŮɜŰɟɘəɐ ŮɘəɞɜɞɣɖűɑŭŬ q ůŰɖ ɗɏůɖ MDFV(x,y)ſMDFV(q) ɞ ɞˊɞɑɞɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůŰɖɜ 

ŬɜŰɑůŰɞɘɢɖ ɗɏůɖ Űɞɡ ˊɟɩŰɞɡ ůɡɜŮɚɘəŰɘəɞɨ ŮˊɑˊŮŭɞɡ Űɞɡ CNN. 

Ƀ ŮəɎůŰɞŰŮ ŰŬɝɘɜɞɛɖŰɐɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ Ŭˊɧ Űɞ MDFV əŬɘ ɡˊɞɚɞɔɑɕŮɘ ɏɜŬ ˊɑɜŬəŬ ˊɘɗŬɜɞŰɐŰɤɜ 

(probability map) ɓɎɗɞɡɠ L ɔɘŬ əɎɗŮ ŮɘəɞɜɞɣɖűɑŭŬ q ůŰɖ ɗɏůɖ MDFV(x,y)ſMDFV(q). ɇɞ 

ŭɘɎɜɡůɛŬ ˊɘɗŬɜɞŰɐŰɤɜ ůŰɖ ɗɏůɖ q ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ 

                                            ()
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ɤp  ɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŬɜɐəŮɘ ɖ ŮɘəɞɜɞɣɖűɑŭŬ q ůŮ ɛɑŬ Ŭˊɧ Űɘɠ ŭɘŬɗɏůɘɛŮɠ əɚɎůŮɘɠ L. ũɘŬ 

Űɖɜ əɎɗŮ ŮɘəɞɜɞɣɖűɑŭŬ q ɡˊɞɚɞɔɑɕŮŰŬɘ ɏɜŬ ŭɘɎɜɡůɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ f(q) Űɞ ɞˊɞɑɞ 
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ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ. Ƀɘ ɘŭɘɧŰɖŰŮɠ ŬɡŰɏɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ űŬůɛŬŰɘəɏɠ, ɟŬŭɘɞɛŮŰɟɘəɏɠ, 

ɔŮɤɛŮŰɟɘəɏɠ, ɢɤɟɘəɏɠ ə.Ɏ., ŬɜɎɚɞɔŬ ɛŮ ŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ůŰɞɘɢŮɑŬ ůŰɞ MDFV. Ƀ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɞɡ f(q) ůŮ y(q) ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛɏůɤ ɔɟŬɛɛɘəɐɠ (linear) ɐ ɛɖ-ɔɟŬɛɛɘəɐɠ (non-

linear) ůɢɏůɖɠ g(Ā). ɋůŰɧůɞ, ɐ ůɢɏůɖ g(Ā) ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ. ȰɜŬɠ Űɟɧˊɞɠ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ 

Űɖɠ ŮɑɜŬɘ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ S, ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ ŮˊɘɗɡɛɖŰɏɠ əɚɎůŮɘɠ 

ˊɚɐɗɞɡɠ L, əŬɘ Űɞ ɞˊɞɑɞ ŰɟɞűɞŭɞŰŮɑ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ. ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ, 

ɔɑɜŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ůɡɜŬˊŰɘəɩɜ ɓŬɟɩɜ (weights ɐ w) ɔɘŬ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɞɡ f(q) ůŮ 

y(q).  

 

ȺɘəɧɜŬ 4.1: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ əŰɘůɛɎŰɤɜ ɛɏůɤ ŮˊɘɓɚŮˊɧɛŮɜɖɠ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ.  

ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ ɓɔŬɑɜŮɘ ɤɠ ɏɝɞŭɞɠ Ŭˊɧ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ ŮɑɜŬɘ ɛɑŬ ŰŬɝɘɜɞɛɖɛɏɜɖ ŮɘəɧɜŬ 

ɓɎůŮɘ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ əɚɎůŮɤɜ (ŬɜɎ ŮɘəɞɜɞɣɖűɑŭŬ) ɛŮ ɓɎɗɞɠ l=1 əŬɘ ŭɘŬůŰɎůŮɘɠ ˊɘɜŬəɑŭŬɠ (ɨɣɞɠ 

əŬɘ ɛɐəɞɠ ůŮ pixels) ɑŭɘŮɠ ɛŮ Űɞ MDFV Ůɘůɧŭɞɡ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮűŬɟɛɞɔɐ ɞɘ ŮˊɘɗɡɛɖŰɏɠ əɚɎůŮɘɠ 

ɐŰŬɜ: 1) çȾŰɑůɛŬŰŬè, 2) çȸɚɎůŰɖůɖè, əŬɘ 3) çȰŭŬűɞɠè. ɆŰɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ ɔɑɜŮŰŬɘ ɛŮŰŬ-

ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ Űɖɠ ŰŬɝɘɜɞɛɖɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɞɡ ŰŮɚɘəɞɨ 

ŬˊɞŰŮɚɏůɛŬŰɞɠ. Ƀɘ ůɡɜɐɗŮɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ŮɑɜŬɘ ŰŮɚŮůŰɏɠ ˊɚŮɘɞɣɖűɑŬɠ əŬɘ 

ɛɞɟűɞɚɞɔɘəɎ űɑɚŰɟŬ (ˊ.ɢ. ůɡůŰɞɚɐɠ, ŭɘŬůŰɞɚɐɠ, ŮɚɎɢɘůŰɖɠ ɐ ɛɏɔɘůŰɖɠ Űɘɛɐɠ ə.Ɏ.). ɀŮ ŬɡŰɐ Űɖ 

ŭɘŬŭɘəŬůɑŬ ŮəŰŮɚŮɑŰŬɘ ŬɡŰɧɛŬŰɖ ŮˊŬɜŬŰŬɝɘɜɧɛɖůɖ Űɤɜ Ůɘəɞɜɞɣɖűɑŭɤɜ ůŮ ɜɏŮɠ əɚɎůŮɘɠ ŬɚɚɎ əŬɘ 

ŰŬɡŰɧɢɟɞɜŬ ɛŮɑɤůɖ Űɞɡ ɗɞɟɨɓɞɡ (ɛŮɛɞɜɤɛɏɜŮɠ ŮɘəɞɜɞɣɖűɑŭŮɠ ɐ ɛɘəɟɏɠ ůɡůŰɎŭŮɠ 

Ůɘəɞɜɞɣɖűɑŭɤɜ) əŬŰɎ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ůŰŬɗɛɞɨ ŮɟɔŬůɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ CPU ůŰŬ 2.27 GHz əŬɘ 8GB ɛɜɐɛɖ RAM. 
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4.1.2 ɄŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ əŬɘ ŭŮŭɞɛɏɜŬ 

Ƀɘ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ ɓɟɑůəɞɜŰŬɘ ůŰɘɠ ˊɧɚŮɘɠ: 1) Vaihingen, ũŮɟɛŬɜɑŬ (ȺɘəɧɜŬ 4.2), 2) ɄŮɟɑůůŬ, 

ɜɐůɞɠ ɆŬɜŰɞɟɑɜɖ, ȺɚɚɎŭŬ (ȺɘəɧɜŬ 4.3), 3) ȾŬɚɞɢɩɟɘ, ɓɧɟŮɘŬ ȺɚɚɎŭŬ (ȺɘəɧɜŬ 4.4). ɆŰɖɜ ˊɧɚɖ 

Vaihingen ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ ŰɟŮɘɠ ɡˊɞ-ˊŮɟɘɞɢɏɠ (Area 1, Area 2 əŬɘ Area 

3). ȳɚŮɠ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ ŭɘŬűɏɟɞɡɜ əŬŰɎ ˊɞɚɨ ɛŮŰŬɝɨ Űɞɡɠ əŬɗɩɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬűɞɟŮŰɘəɧ 

ˊɞůɞůŰɧ ŬůŰɘəɞɨ ˊɟŬůɑɜɞɡ (ɓɚɎůŰɖůɖ) ŬɚɚɎ əŬɘ əŰɑůɛŬŰŬ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ: 

- ȼ Area 1 (Vaihingen, ũŮɟɛŬɜɑŬ) ˊŮɟɘɏɢŮɘ ɘůŰɞɟɘəɎ əŰɑůɛŬŰŬ ˊɞɘəɑɚɞɡ ɨɣɞɡɠ ɛŮ ůɨɜɗŮŰɖ 

ŬɟɢɘŰŮəŰɞɜɘəɐ ŭɞɛɐ ɧˊɤɠ ˊɞɚɚŬˊɚɏɠ əŬɘ ůɡɜŮɢŮɑɠ ŮˊɘəɚɘɜŮɑɠ ůŰɏɔŮɠ (ŭɑɟɘɢŰŮɠ ɐ 

ŰŮŰɟɎɟɘɢŰŮɠ). ɆŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ əŰɘůɛɎŰɤɜ ŮɜŰɞˊɑɕɞɜŰŬɘ ŬɜŰɘəŮɑɛŮɜŬ Ůˊɑ Űɤɜ 

ůŰŮɔɩɜ ɧˊɤɠ əŬɛɘɜɎŭŮɠ ə.Ɏ.  ɆŰɖɜ ˊŮɟɘɞɢɐ ŮɜŰɞˊɑɕɞɜŰŬɘ ůˊɞɟŬŭɘəɎ əɎˊɞɘŮɠ ůɡůŰɎŭŮɠ 

ɡɣɖɚɐɠ ɓɚɎůŰɖůɖɠ ˊɚɖůɑɞɜ Űɤɜ əŰɘůɛɎŰɤɜ.  

- ȼ Area 2 (Vaihingen, ũŮɟɛŬɜɑŬ) ˊŮɟɘɏɢŮɘ ɞɛɞɘɞɔŮɜɞɨɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ ɣɖɚɎ əŰɑůɛŬŰŬ 

ŬˊɞŰŮɚɞɨɛŮɜŬ əɡɟɑɤɠ Ŭˊɧ ˊɞɚɚŬˊɚɏɠ ɞɟɘɕɧɜŰɘŮɠ ůŰɏɔŮɠ. ȼ ɓɚɎůŰɖůɖ ŮɑɜŬɘ ˊɡəɜɐ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɢŬɛɖɚɞɨɠ ɗɎɛɜɞɡɠ əŬɘ ɣɖɚɎ ŭɏɜŰɟŬ ŰŬ ɞˊɞɑŬ ˊŮɟɘůŰɞɘɢɑɕɞɡɜ ŰŬ 

ɡűɘůŰɎɛŮɜŬ əŰɑůɛŬŰŬ.  

- ȼ Area 3 (Vaihingen, ũŮɟɛŬɜɑŬ) ˊŮɟɘɏɢŮɘ Űɡˊɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ əŰɘůɛɎŰɤɜ ˊɞɡ 

ůɡɜŬɜŰɩɜŰŬɘ ůŮ ŮɡɟɤˊŬɥəɏɠ ɖɛɘ-ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ɛɞɜɞəŬŰɞɘəɑŮɠ ɛŮ ŭɑɟɘɢŰŮɠ ůŰɏɔŮɠ 

əŬɘ ŬɟŬɘɐ ɓɚɎůŰɖůɖ.  

 

 

ȺɘəɧɜŬ 4.2: ɄŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ ůŰɖɜ ˊɧɚɖ Vaihingen, ũŮɟɛŬɜɑŬ: Area 1, Area 2 əŬɘ Area 3. Ʉɖɔɐ: [12] 
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- ȼ ɄŮɟɑůůŬ (ɜɐůɞɠ ɆŬɜŰɞɟɑɜɖ, ȺɚɚɎŭŬ) ŮɑɜŬɘ ɏɜŬɠ ˊŬɟŬɗŬɚɎůůɘɞɠ ɞɘəɘůɛɧɠ 

ůŰɖ ɆŬɜŰɞɟɑɜɖ ɛŮ ɏɜŰɞɜɖ ŰɞɡɟɘůŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŰŬ 

əŰɑůɛŬŰŬ Ŭɜɐəɞɡɜ ůŮ ɝŮɜɞŭɞɢŮɘŬəɎ ůɡɔəɟɞŰɐɛŬŰŬ ɛŮ ůɨɔɢɟɞɜɖ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ ˊɞɚɨ-

ŮˊɑˊŮŭŮɠ ɞɟɞűɏɠ.  Ⱥˊɑůɖɠ ŮɜŰɞˊɑɕɞɜŰŬɘ Ůˊɑ Űɤɜ ůŰŮɔɩɜ ŬɜŰɘəŮɑɛŮɜŬ ɧˊɤɠ ɖɚɘŬəɞɑ 

ůɡɚɚɏəŰŮɠ ə.Ɏ. ŬɚɚɎ əŬɘ ůŰɏɔŬůŰɟŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ˊɟɞůɗɐəŮɠ ɐ ŮˊŮəŰɎůŮɘɠ ůŮ 

ɛŮɔŬɚɨŰŮɟŬ əŰɑůɛŬŰŬ. ȼ ˊŬɟɞɡůɑŬ Űɖɠ ɓɚɎůŰɖůɖɠ ŮɑɜŬɘ ɛɘəɟɐ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ əɡɟɑɤɠ  

ˊŮɟɘɞɢɏɠ ɛŮ çɔɡɛɜɧè ɏŭŬűɞɠ. ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŮɝŮŰɎůɗɖəŮ ůŮ ŭɨɞ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ, 

ŭɖɚŬŭɐ ŰŬ ɏŰɖ 1995 əŬɘ 2012.  

 

 

ȺɘəɧɜŬ 4.3: ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ůŰɞɜ ɞɘəɘůɛɧ ɄŮɟɑůůŬ ůŰɖ ɆŬɜŰɞɟɑɜɖ, ȺɚɚɎŭŬ. 

 

- Ƀ ɞɘəɘůɛɧɠ ȾŬɚɞɢɤɟɑɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ ɓɧɟŮɘŬ ȺɚɚɎŭŬ ŭɡŰɘəɎ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ. ɇŬ 

əŰɑůɛŬŰŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɢɞɡɜ ůɨɜɗŮŰɖ ŭɞɛɐ əŬɘ ŬˊɞŰŮɚɞɨɜŰŬɘ ŮɑŰŮ Ŭˊɧ 

ɞɟɘɕɧɜŰɘŮɠ əŬɘ ˊŬɟɎɚɚɖɚŮɠ ŮˊɑˊŮŭŮɠ ůŰɏɔŮɠ ŮɑŰŮ Ŭˊɧ ˊɞɚɨ-ŮˊɑˊŮŭŮɠ əŬɘ ŮˊɘəɚɘɜŮɑɠ 

(ŭɑɟɘɢŰŮɠ ɐ ŰŮŰɟɎɟɘɢŰŮɠ). ɆŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ŬɜŰɘəŮɑɛŮɜŬ Ůˊɑ Űɤɜ ůŰŮɔɩɜ 

ɧˊɤɠ ɖɚɘŬəɞɑ ůɡɚɚɏəŰŮɠ, əŬɛɘɜɎŭŮɠ ə.Ɏ. ŬɚɚɎ əŬɘ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ ŬˊɞɗɐəŮɠ ɐ 

ůŰɏɔŬůŰɟŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ˊɟɞůɗɐəŮɠ ɐ ŮˊŮəŰɎůŮɘɠ ůŮ ɛŮɔŬɚɨŰŮɟŬ əŰɑůɛŬŰŬ. ȼ 

ɓɚɎůŰɖůɖ ŮɜŰɞˊɑɕŮŰŬɘ ůˊɞɟŬŭɘəɎ ůŰŬ ɞɘəɞŭɞɛɘəɎ ŰŮŰɟɎɔɤɜŬ ŬˊɞŰŮɚɞɨɛŮɜɖ ŮɑŰŮ Ŭˊɧ 

ɢŬɛɖɚɞɨɠ ɗɎɛɜɞɡɠ ŮɑŰŮ Ŭˊɧ ɣɖɚɧŰŮɟŬ ŭɏɜŰɟŬ ˊɞɡ űŰɎɜɞɡɜ Űɞ ɨɣɞɠ Űɤɜ əŰɘůɛɎŰɤɜ. 

ɆɡɢɜɎ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɡůŰɎŭŮɠ ŭɏɜŰɟɤɜ ŮɑŰŮ ɛŮɛɞɜɤɛɏɜŬ ŭɏɜŰɟŬ ˊɞɡ ˊŮɟɘůŰɞɘɢɑɕɞɡɜ ɐ 

əŬɚɨˊŰɞɡɜ ŰɛɐɛŬŰŬ əŰɘůɛɎŰɤɜ ŬɜŰɑůŰɞɘɢŬ.  

https://el.wikipedia.org/wiki/%CE%A3%CE%B1%CE%BD%CF%84%CE%BF%CF%81%CE%AF%CE%BD%CE%B7
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ȺɘəɧɜŬ 4.4: ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ůŰɞ ȾŬɚɞɢɩɟɘ, ȺɚɚɎŭŬ. 

 

ɆŰɞɜ ɄɑɜŬəŬ 4.1 űŬɑɜɞɜŰŬɘ ŰŬ ůŮŰ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ əɎɗŮ ˊŮɟɘɞɢɐ 

ɛŮɚɏŰɖɠ. ɆŰɘɠ ˊŮɟɘɞɢɏɠ Area 1, Area 2, Area 3 əŬɘ ȾŬɚɞɢɤɟɑɞɡ ɡˊɐɟɝŬɜ ŭɘŬɗɏůɘɛŬ Űɧůɞ ɜɏűɖ 

ůɖɛŮɑɤɜ Ŭˊɧ LIDAR ɧůɞ əŬɘ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ŮɜŬɏɟɘŮɠ ŮɘəɧɜŮɠ. TŬ ŭŮŭɞɛɏɜŬ ɚɐűɗɖəŬɜ Űɖɜ ɑŭɘŬ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ [12] [41]. ɆŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɆŬɜŰɞɟɑɜɖɠ ɡˊɐɟɝŬɜ ŭɘŬɗɏůɘɛŮɠ ɛɧɜɞ ŮɜŬɏɟɘŮɠ ŮɘəɧɜŮɠ 

ɔɘŬ Űɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŬɟɤɛɏɜŮɠ ŬůˊɟɧɛŬɡɟŮɠ 

(grayscale) ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ ɔɘŬ Űɞ ɏŰɞɠ 1995 (ɖ ůɎɟɤůɖ ɏɔɘɜŮ ůŮ űɤŰɞɔɟŬɛɛŮŰɟɘəɧ ůŬɟɤŰɐ ůŰŬ 

16 ɛm) əŬɘ ɏɔɢɟɤɛŮɠ Ŭˊɧ UAV ɔɘŬ Űɞ ɏŰɞɠ 2012. ɇŬ ůŮŰ ŭŮŭɞɛɏɜɤɜ ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɞɡ 

ȾŬɚɞɢɤɟɑɞɡ əŬɘ Űɖɠ ɆŬɜŰɞɟɑɜɖɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ ȺũɆȷô87. Ⱥˊɑůɖɠ, ůɖɛŮɘɩɜŮŰŬɘ ˊɤɠ Űɞ ůŮŰ 

ŭŮŭɞɛɏɜɤɜ Vaihingen ˊŬɟŬɢɤɟɐɗɖəŮ ŮɚŮɨɗŮɟŬ ůŮ ˊɟɞɓɞɚɐ WGSô84/UTM ɕɩɜɖ 33N Ŭˊɧ Űɞɜ 

Ůˊɑůɖɛɞ ɘůŰɧŰɞˊɞ Űɖɠ ISPRS (http://www2.isprs.org/commissions/comm3/wg4/results.html) ɤɠ 

ůŮŰ ŭŮŭɞɛɏɜɤɜ ŬɜŬűɞɟɎɠ (benchmark dataset) [12] [381]. 

 

 

 

 

 

 

 

 

 

http://www2.isprs.org/commissions/comm3/wg4/results.html
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ɄɑɜŬəŬɠ 4.1: ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůŮŰ ŭŮŭɞɛɏɜɤɜ Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ ˊŮɟɘɞɢɩɜ ɛŮɚɏŰɖɠ. 

4.1.3 ȹɖɛɘɞɡɟɔɑŬ Űɖɠ çˊɞɚɡ-ŮˊɑˊŮŭɖɠè ŮɘəɧɜŬɠ (Multi  Dimensional Feature Vector - 

MDFV ) 

ɆŮ ŬˊŬɘŰɖŰɘəɏɠ ůəɖɜɏɠ ɧˊɤɠ ɞɘ ůɨɜɗŮŰŮɠ ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ, ɞ ŮəɎůŰɞŰŮ ŰŬɝɘɜɞɛɖŰɐɠ əŬɚŮɑŰŬɘ ɜŬ 

ŮəŰŮɚɏůŮɘ ɔɟŬɛɛɘəɞɨɠ ɐ ɛɖ-ɔɟŬɛɛɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůŮɘ ůɨɜɗŮŰŬ ɕɖŰɐɛŬŰŬ 

ˊɞɡ Ŭűɞɟɞɨɜ Űɞɜ űɡůɘəɧ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ (ˊ.ɢ. əŰɑůɛŬŰŬ, ɓɚɎůŰɖůɖ, ɏŭŬűɞɠ ə.Ɏ.). 

ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧɠ ɞ ŭɘŬɢɤɟɘůɛɧɠ ŬˊŬɘŰŮɑŰŬɘ ɖ ŰɟɞűɞŭɧŰɖůɖ Űɞɡ ŮəɎůŰɞŰŮ Ŭɚɔɞɟɑɗɛɞɡ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ (ŮɑŰŮ ɟɖɢɐɠ ŮɑŰŮ ɓŬɗɘɎɠ) ɛŮ ŰŬ əŬŰɎɚɚɖɚŬ ůŰɞɘɢŮɑŬ, ŭɖɚŬŭɐ əŬɜɎɚɘŬ, ŭŮɑəŰŮɠ 

əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɀɑŬ Ŭˊɧ Űɘɠ ɡˊɞůɢɏůŮɘɠ Űɤɜ CNNs ŮɑɜŬɘ ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ 

ˊɟɞůɢŮŭɘŬůɛɏɜɤɜ ŮɝŬɔɤɔɏɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ/űɑɚŰɟɤɜ, ɧˊɤɠ ŰŬ űɑɚŰɟŬ gabor, ɛŮ 

ŬˊɞŰŮɚŮůɛŬŰɘəɞɨɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛɎɗɖůɖɠ ŬɡŰɩɜ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ȸɎůŮɘ ŬɡŰɐɠ Űɖɠ ɚɞɔɘəɐɠ 
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əŬɘ ɛŮ Űɖ ɢɟɐůɖ ɘəŬɜɞɨ ˊɞůɞůŰɞɨ ŭŮɘɔɛɎŰɤɜ ŮəˊŬɑŭŮɡůɖɠ, ŰŬ CNNs ŭŮɜ ŬˊŬɘŰɞɨɜ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ ˊɟɧůɗŮŰɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ˊɏɟŬ Ŭˊɧ Űɤɜ Űɡˊɘəɩɜ, ɩůŰŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ 

ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. ɋůŰɧůɞ ɖ ɘŭɘɧŰɖŰŬ Űɞɡɠ ŬɡŰɐ ŭŮɜ ůɖɛŬɑɜŮɘ ŬˊŬɟŬɑŰɖŰŬ əŬɘ Űɖɜ ˊŬɟɎɚŮɘɣɖ 

ůɖɛŬɜŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɜŮɘůűɏɟɞɡɜ ůŰɞɜ ŭɘŬɢɤɟɘůɛɧ Űɤɜ űɡůɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ. 

ȰɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ əŰɘůɛɎŰɤɜ Ŭˊɧ Űɖ ɓɚɎůŰɖůɖ ůŰŬ 

LIDAR/DSMs ɐ DSM/DSMs. ȷəɧɛŬ əŬɘ ɖ ɢɟɐůɖ ŮɝŮɚɘɔɛɏɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɓŬɗɘɎɠ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ, ɧˊɤɠ Űɞ CNN, ŬŭɡɜŬŰŮɑ ɜŬ ŭɘŬűɞɟɞˊɞɘɐůŮɘ ŮˊɘŰɡɢɩɠ ŬɡŰɏɠ Űɘɠ ŭɨɞ əŬŰɖɔɞɟɑŮɠ əɎɜɞɜŰŬɠ 

ɢɟɐůɖ ɛɧɜɞ Űɖɠ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ́ ŬɟɧɛɞɘŮɠ Űɘɛɏɠ 

ɡɣɞɛɏŰɟɞɡ ɛŮŰŬɝɨ Űɤɜ əŰɘůɛɎŰɤɜ əŬɘ Űɖɠ ɓɚɎůŰɖůɖɠ ůɡɚɚɏɔɞɜŰŬɠ ɏŰůɘ ŬɜŰɘűŬŰɘəɎ ŭŮɑɔɛŬŰŬ 

ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ Űɘɠ əŬŰɖɔɞɟɑŮɠ çȾŰɑůɛŬŰŬè əŬɘ çȸɚɎůŰɖůɖè. ȷɜŰɑůŰɞɘɢŬ, Űɞ ɑŭɘɞ ɛˊɞɟŮɑ ɜŬ 

ůɡɛɓŬɑɜŮɘ ɔɘŬ Űɘɠ əŬŰɖɔɞɟɑŮɠ çȾŰɑůɛŬŰŬè əŬɘ çȰŭŬűɞɠè ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɏɜŰɞɜɞ ŬɜɎɔɚɡűɞ əŬɘ 

ŬɜɘůɧˊŮŭŮɠ ˊŮɟɘɞɢɏɠ ŮŭɎűɞɡɠ ɧŰŬɜ ŭŮɜ ŬɝɘɞˊɞɘŮɑŰŬɘ ɖ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖ ɡɣɞɛŮŰɟɘəɐ ˊɚɖɟɞűɞɟɑŬ 

(nDSM). ȰɜŬ Ɏɚɚɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ əŰɘůɛɎŰɤɜ Ŭˊɧ Űɞɡɠ 

ŭɟɧɛɞɡɠ ɧŰŬɜ ɔɑɜŮŰŬɘ ɢɟɐůɖ ɛɧɜɞ Űɖɠ ɟŬŭɘɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ˊŬɟɧɛɞɘŮɠ ɟŬŭɘɞɛŮŰɟɘəɏɠ Űɘɛɏɠ ɛŮŰŬɝɨ Űɤɜ ůəɘŬůɛɏɜɤɜ (ɐ əŬɘ ɛɖ ůəɘŬůɛɏɜɤɜ) 

ŰɛɖɛɎŰɤɜ Űɤɜ əŰɘůɛɎŰɤɜ əŬɘ Űɤɜ ŭɟɧɛɤɜ (ɐ ɡˊŬɑɗɟɘɤɜ ɢɩɟɤɜ) ůɡɚɚɏɔɞɜŰŬɠ ɏŰůɘ ŬɜŰɘűŬŰɘəɎ 

ŭŮɑɔɛŬŰŬ ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ Űɘɠ əŬŰɖɔɞɟɑŮɠ çȾŰɑůɛŬŰŬè əŬɘ çȰŭŬűɞɠè.   

ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɡˊɞɚɞɔɑůŰɖəŬɜ ŭɘɎűɞɟŬ ůŰɞɘɢŮɑŬ (əŬɜɎɚɘŬ, ŭŮɑəŰŮɠ əŬɘ 

ɔŮɤɛŮŰɟɘəɎ/ɛɞɟűɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ) ɔɘŬ Űɞɜ ŮˊɘŰɡɢɐ ŭɘŬɢɤɟɘůɛɧ Űɤɜ əɚɎůŮɤɜ 

çȾŰɑůɛŬŰŬè, çȸɚɎůŰɖůɖè əŬɘ çȰŭŬűɞɠè. ɀɎɚɘůŰŬ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ŮəɎůŰɞŰŮ Űɨˊɞ ŭŮŭɞɛɏɜɤɜ, 

ŬɡŰɎ ŰŬ ůŰɞɘɢŮɑŬ ůɡɜŭɡɎůŰɖəŬɜ ɛŮŰŬɝɨ Űɞɡɠ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ: 1) ůɡɜŭɡŬůɛɧɠ ɟŬŭɘɞɛŮŰɟɘəɐɠ əŬɘ 

ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ, əŬɘ 2) ůɡɜŭɡŬůɛɧɠ əŬŰɎɚɚɖɚɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɡɣɞɛŮŰɟɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ. Ⱥˊɑůɖɠ, ůŰɧɢɞɠ ŮɑɜŬɘ ɖ Ŭɝɘɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ ŭɏəŰɖ, 

ŭɖɚŬŭɐ ŮɑŰŮ ɛɧɜɞ Ŭˊɧ űɤŰɞɔɟŬűɘəɐ ɛɖɢŬɜɐ ŮɑŰŮ ɛɧɜɞ Ŭˊɧ ŭɏəŰɖ LIDAR. ɆŰɖɜ ȺɘəɧɜŬ 4.5 

űŬɑɜɞɜŰŬɘ ŰŬ əŬɜɎɚɘŬ əŬɘ ɞɘ ŭŮɑəŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɓɎůŮɘ Űɖɠ ɟŬŭɘɞɛŮŰɟɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ Ůɜɩ ůŰɘɠ ȺɘəɧɜŮɠ 4.8, 4.9 əŬɘ 4.10 ŰŬ əŬŰɎɚɚɖɚŬ ɔŮɤɛŮŰɟɘəɎ əŬɘ ɛɞɟűɞɚɞɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɓɎůŮɘ Űɖɠ ɡɣɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ. 
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ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ: Vaihingen 

ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ: ɃɟɗɞŮɘəɧɜŮɠ 

ȹŮɑəŰɖɠ/ȾŬɜɎɚɘŬ Area 1 Area 2 Area 3 

CIR Ŭˊɧ ůɨɜɗŮůɖ 

əŬɜŬɚɘɩɜ: 

NIR/R/G 

   

NDVI  

   

ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ: ɆŬɜŰɞɟɑɜɖ 2012 ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ: ɆŬɜŰɞɟɑɜɖ 1995 

ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ: ɃɟɗɞŮɘəɧɜŬ ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ: ɃɟɗɞŮɘəɧɜŬ 

ȾŬɜɎɚɘŬ 

 

ȾŬɜɎɚɘŬ 

 

RGB Ŭˊɧ ůɨɜɗŮůɖ 

əŬɜŬɚɘɩɜ: R/G/B 
Grayscale 

ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ: ȾŬɚɞɢɩɟɘ  

ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ: ɃɟɗɞŮɘəɧɜŬ  

ȾŬɜɎɚɘŬ 

 

 RGB Ŭˊɧ ůɨɜɗŮůɖ 

əŬɜŬɚɘɩɜ: R/G/B 

ȺɘəɧɜŬ 4.5: ȾŬɜɎɚɘŬ əŬɘ ŭŮɑəŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɓɎůŮɘ Űɖɠ ɟŬŭɘɞɛŮŰɟɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŮɟɘɞɢɏɠ 

ɛŮɚɏŰɖɠ. 








































































































































































































































