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ʅʇɱɱʄɮʊɳɹʅ: 

¶ ɼʍɿʅʆɮɿʆɹɿʁʅ ɾʃɳɽɽʁʅΣ ʇʃʁʌɶʊɹʁʅ ɲɹɲɮɼʆʁʄɮʅΣ ʆɮʆɾκɮʃɸ 

¶ ɹʍɿ-ɮɿɮʅʆɮʅɹʁʅ ɼɮʄʁɽʁʅΣ ɾɳʆɮɲɹɲɮɼʆʁʄɮʅΣ ʆɮʆɾκɮʃɸ 

¶ ɮɽɳʀɮɿɲʄɹɲɶʅ ɰɮʅɹɽɳɹʁʅΣ ʇʃʁʌɶʊɹʁʅ ɲɹɲɮɼʆʁʄɮʅΣ ʆɮʆɾκɮʃɸ 

¶ ɳɹʄɶɿɶ ʋʄʇʅɮʊɶΣ ɲɹɲɮɼʆʁʄɮʅΣ ʆɮʆɾκɮʃɸ 

¶ ɳɽɳɿɶ ʊʇʆʍɼɮΣ ɳɼɰʇκɮʃɸ 

¶  ɱɳʍʄɱɹʁʅ ɾɮɽɽɹɿɶʅΣ ɼɮɸɶɱɶʆɶʅΣ ʆɮʆɾκɮʃɸ 

 

ɾɳ ʆɶ ʅʇɾɰʁɽɶ ʆʍɿΥ 

ʆɹʆɽʁʅ ɳɱɱʄɮʊʁʇΥ 

ɳɽɽɶɿɹɼɮΥ ʆʶ˔˄ʽˁˈˌ ʁʵʹʴˈˌΥ ɳˉʽˉˍ˗ˋʶʽˌ ˍ˖˄ ʰ˄ʰʵˎˈ˃ʶ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌ όw{ύ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ 
ˁʰʽ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ ʆʶ˔˄ʽˁʷˌ ˁʰˍʶˎʻˎ˄ˍʺˊʽʶˌ ʴˊʰ˃˃ʷˌ ˁʰʽ ˋˎˋˍʱˋʶʽˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ 
ˎʽˇʻʶˍʹʻˇˏ˄ ʰˉˈ ˍˇ˄ ʁΦʊɳΦʃɳΦɼΦɮΦ 

ɮɱɱɽɹɼɮΥ ¢ŜŎƘƴƛŎŀƭ DǳƛŘŜΥ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ŜƳŜǊƎƛƴƎ w{ Řŀǘŀ ŦƻǊ ōƛƻŘƛǾŜǊǎƛǘȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŎƻƴǎŜǊǾŀǘƛƻƴΦ 
Technical guidelines and recommendations to be adopted from NECCA 

 

I ˉʰˊˇˏˋʰ ʷˁʵˇˋʹ ʶˁ˒ˊʱʸʶʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˍʽˌ ʰˉˈ˕ʶʽˌ ˍ˖˄ ˋˎʴʴˊʰ˒ʷ˖˄ ˍʹˌΦ 

 

ʁ ɳˁˍʶ˂ʶˋˍʽˁˈˌ ʁˊʴʰ˄ʽˋ˃ˈˌ ʴʽʰ ˍˇ ɼ˂ʾ˃ʰΣ ˍʽˌ ʇˉˇʵˇ˃ʷˌ ˁʰʽ ˍˇ ʃʶˊʽʲʱ˂˂ˇ˄ ό/Lb9!ύ ˁʰʽ ʹ 
ɳˎˊ˖ˉʰʿˁʺ ɳˉʽˍˊˇˉʺ ʵʶ ˃ˉˇˊˇˏ˄ ˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ˎˉʶˏʻˎ˄ʶˌ ʴʽʰ ˇˉˇʽʰʵʺˉˇˍʶ ˔ˊʺˋʹ ˍ˖˄ 
ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍˇ ˉʰˊˈ˄Φ 

 

 

ʃʄʁʆɳɹɿʁɾɳɿɶ ɰɹɰɽɹʁɱʄɮʊɹɼɶ ɮɿɮʊʁʄɮΥ 

ω ɾˉʷ˂˂ˇˌ ɼ., ɼʱˊˇ˂ˇˌ ɹΦɮ.Σ ɮ˂ʶ˅ʰ˄ʵˊʾʵʹˌ ɰΦΣ ʋˊˎˋʱ˒ʹ ɳΦΣ ʊˎˍ˗ˁʰ ɳΦΣ ɾʰ˂˂ʾ˄ʹˌ ɱΦΣ 2025. 

ɮ˄ʱˉˍˎ˅ʹ ˎˉʹˊʶˋʽ˗˄ ˉʰˊʰˍʺˊʹˋʹˌ ʴʹˌ ˁʰʽ ʷˁʻʶˋʹ ʶˉʽˁˏˊ˖ˋʹˌ ʃʰˊʰʵˇˍʷˇ ɲˊʱˋʹˌ ɰΦоΦΦ ɴˊʴˇ [LC9 

EL-.Lh{Υ ɳʻ˄ʽˁˈ ʃ˂ʹˊˇ˒ˇˊʽʰˁˈ ʅˏˋˍʹ˃ʰ ʴʽʰ ˍʹ ɰʽˇˉˇʽˁʽ˂ˈˍʹˍʰΥ ʷ˄ʰ ˁʰʽ˄ˇˍˈ˃ˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ 

ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ ɮʃɸ. ʅʶ˂ʾʵʶˌ 76, ɸʶˋˋʰ˂ˇ˄ʾˁʹ. 

SUGGESTED CITATION: 

ω Bellos ɼ., Karolos ɹ.ɮ., Alexandridis ɰ., Chrysafis I., Fytoka, E. and Mallinis, G., 2025. Technical 

Guide: implications of the emerging RS data for biodiversity management and conservation. Technical 

guidelines and recommendations to be adopted from NECCA AUTH, Pages 76, Thessaloniki 
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ɮʄʆɹɼʁɽɳʀɮ ς ʅʇɿʆʁɾʁɱʄɮʊɹɳʅ 

ɳɽɽɶɿɹɼɮ 

IMU ɮʵˊʰ˄ʶʽʰˁˈ ʅˏˋˍʹ˃ʰ 

ɮɱɱɽɹɼɮ 

ALS Airborne laser scanning 

CBH Canopy Base Height 

CC Canopy Cover 

CH Canopy Height 

CHM Canopy Height Model 

CL Crown Length 

CTH Canopy Top Height 

CW Crown Width 

DBH Diameter at Breast Height 

DR Discrete returns 

DSM Digital Surface Model 

DTM Digital Terrain Model 

FW Full waveform 

GNSS Global navigation satellite system 

LiDAR LIght Detection And Ranging 

NRTK Network Real Time Kinematic 

PPK Post Processing Kinematic 

RHT Randomized Hough Transform 

SLAM Simultaneous Localization and Mapping 

TH Tree Height 

TLS Terrestrial Laser Scanning 

UAV Unoccupied Air Vehicle 

VCI Vertical Complexity Index 
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ʃɳʄɹɽɶʌɶ 

ʆˇ ˉʰˊˈ˄ ˍʶˏ˔ˇˌ ˋˎ˄ˍʱ˔ʻʹˁʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ɲʄɮʅɶʅ ɰΦ4 ζɼʰʽ˄ˇˍˈ˃ʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˁʰʽ ˉˊˇˋʶʴʴʾˋʶʽˌ 

ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ ˋʶ н ʶˉʽ˂ʶʴ˃ʷ˄ˇˎˌ ɳʻ˄ʽˁˇˏˌ ɲˊˎ˃ˇˏˌ ˍʹˌ 

ɳ˂˂ʱʵʰˌ όʷ˄ʰˌ ˇˊʶʽ˄ˈˌ ˁʰʽ ʷ˄ʰˌ ˎʴˊˈˍˇˉˇˌκˉʰˊʱˁˍʽˇˌύηΣ ˍˇˎ ʷˊʴˇ [LC9 9[-BIOS (LIFE20 

DL9κDwκллмомтύ ζƘ9[ƭŜƴƛŎ .LhƻŘƛǾŜǊǎƛǘȅ Lnformation System: an innovative tool for biodiversity 

ŎƻƴǎŜǊǾŀǘƛƻƴηΣ ˍˇ ˇˉˇʾˇ ˋˎʴ˔ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍˇ ʃˊˈʴˊʰ˃˃ʰ [LC9 ˍʹˌ ɳˎˊ˖ˉʰʿˁʺˌ ɴ˄˖ˋʹˌ ˁʰʽ 

ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ˋˎ˄ˍˇ˄ʽˋˍʺ ˍˇ ʃˊʱˋʽ˄ˇ ʆʰ˃ʶʾˇ ˁʰʽ ˋˎ˄ʵʽˁʰʽˇˏ˔ˇˎˌ ˍˇ˄ ʁˊʴʰ˄ʽˋ˃ˈ ʊˎˋʽˁˇˏ 

ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ ɼ˂ʽ˃ʰˍʽˁʺˌ ɮ˂˂ʰʴʺˌ όʁʊʇʃɳɼɮύΣ ˍˇ ɮˊʽˋˍˇˍʷ˂ʶʽˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɸʶˋˋʰ˂ˇ˄ʾˁʹˌ-

ʆ˃ʺ˃ʰ ɮʴˊˇ˄ˈ˃˖˄ ʆˇˉˇʴˊʱ˒˖˄ ɾʹ˔ʰ˄ʽˁ˗˄Σ ˍˇ ɾˇˎˋʶʾˇ ʊˎˋʽˁʺˌ ɹˋˍˇˊʾʰˌ ɱˇˎ˂ʰ˄ʵˊʺ κ ɳ˂˂ʹ˄ʽˁˈ 

ɼʷ˄ˍˊˇ ɰʽˇˍˈˉ˖˄-ʇʴˊˇˍˈˉ˖˄ όɾɱʊɹ-ɳɼɰʇύΣ ˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɸʶˋˋʰ˂ʾʰˌ-ʆ˃ʺ˃ʰ ɶ˂ʶˁˍˊˇ˂ˈʴ˖˄ 

ɾʹ˔ʰ˄ʽˁ˗˄ ˁʰʽ ɾʹ˔ʰ˄ʽˁ˗˄ ʇˉˇ˂ˇʴʽˋˍ˗˄Σ ˍˇ ɳˎˊ˖ˉʰʿˁˈ ɸʶ˃ʰˍʽˁˈ ɼʷ˄ˍˊˇ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˍʹˌ 

ɾʱ˂ʰʴʰ ό9¢/-¦a!ύ ˋˍʹ˄ ɹˋˉʰ˄ʾʰ ˁʰʽ ˍʹ˄ ʶˍʰʽˊʶʾʰ h[¸ath{ /hb{¦[¢LbD tΦ/Φ  

ɶ ɲˊʱˋʹ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˉʷ˄ˍʶ ʶˉʽ˃ʷˊˇˎˌ ˎˉˇʵˊʱˋʶʽˌΥ  

ɰΦ4Φм ɼʰʽ˄ˇˍˈ˃ʶˌ ˃ʷʻˇʵˇʽ ʰˉˈˁˍʹˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʶ˅ʰʴ˖ʴʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ όˍʹ˂ʶˉʽˋˁˈˉʹˋʹΣ 

ʃʰˊʰˍʺˊʹˋʹ ɱʹˌΣ ʰˋˏˊ˃ʰˍˇʽ ʰʽˋʻʹˍʺˊʶˌΣ [ƛDARύ ˋˍʹ˄ ˉʽ˂ˇˍʽˁʺ ˍˇˉˇʻʶˋʾʰ ɮ όˇˊʶʽ˄ʺύΥ ɳʻ˄ʽˁˈ ʃʱˊˁˇ 

ʃʾ˄ʵˇˎ. 

ɰΦ4Φн ɼʰʽ˄ˇˍˈ˃ʶˌ ˃ʷʻˇʵˇʽ ʰˉˈˁˍʹˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʶ˅ʰʴ˖ʴʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ όˍʹ˂ʶˉʽˋˁˈˉʹˋʹΣ 

ʃʰˊʰˍʺˊʹˋʹ ɱʹˌΣ ʰˋˏˊ˃ʰˍˇʽ ʰʽˋʻʹˍʺˊʶˌΣ LiDARύ ˋˍʹ˄ ˉʽ˂ˇˍʽˁʺ ˍˇˉˇʻʶˋʾʰ ɰ όˎʴˊˈˍˇˉˇˌκˉʰˊʱˁˍʽʰύΥ 

ɼˇˍˏ˔ʽ ς ʅˍˊˇ˒ˎ˂ʽʱ ɳʻ˄ʽˁˈˌ ɲˊˎ˃ˈˌ ʇʴˊˇˍˈˉ˖˄. 

ɰΦ4Φо ɳˉʾʵʶʽ˅ʹ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˁʰʽ ˍ˖˄ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ ʰˉˈ ˍʹ˄ ˔ˊʺˋʹ ˁʰʽ˄ˇˍˈ˃˖˄ ˃ʶʻˈʵ˖˄ ʰˉˈˁˍʹˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʶ˅ʰʴ˖ʴʺˌ 

ˉ˂ʹˊˇ˒ˇˊʽ˗˄Φ 

ɶ ˎˉˇɻ́ ʱˋ ́ɰΦ4.3 ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ʰ˄ʱʵʶʽ˅ʹ ˍ̟  ˄ʶˉʽˉˍ˗ˋʶ˖  ˄ˁʰʽ ˍ˖  ˄ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖  ˄

ˁʰʽ˄ˇˍˈ˃˖˄ ˃ʶʻˈʵ˖˄ ʰˉˈˁˍʹˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ʆʹ˂ʶˉʽˋˁˈˉʹˋʹˌ όw{ύ ˁʰʽ ʶ˅ʰʴ˖ʴʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄, ʴʽʰ 

ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ. 

ɾʷˋ˖ ˃ʽʰˌ ʵʽʰʵʽˁʰˋʾʰˌ ˋˏ˄ˍʹ˅ʹˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˁʰʽ ˋˏ˄ʻʶˋʹ ̩ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ˋʶ 

ˁʱʻʶ ˉʽ˂ˇˍʽˁʺ ˉʶˊʽˇ˔ʺΣ ˃ʰʸʾ ˃ʶ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ʶʻ˄ʽˁˈ ʶˉʾˉʶʵˇ όʵʶʵˇ˃ʷ˄ʰ ʰ˄ʰ˒ˇˊʱˌ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ ʵʶʵˇ˃ʷ˄ʰ ʃʰˊʰˍʺˊʹˋʹˌ ɱʹˌ - EO)Σ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ̟  ˄

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʰ˄ʰ˂ˏˋʶ˖˄ ˋˍʽˌ ʵˏˇ ˉʽ˂ˇˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ʰˉˈ ˍʹ˄ ˇ˃ʱʵʰ ˍˇˎ ɮˊʽˋˍˇˍʶ˂ʶʾˇ ˎ

ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˎ ɸʶˋˋʰ˂ˇ˄ʾˁʹˌΣ ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍʽˌ ˇ˃ʱʵʶˌ ˍˇˎ EKBY, ̱ ˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ 

ɸʶˋˋʰ˂ʾʰˌΣ ˍˇ ˎɾˇˎˋʶʾˇ ˎʊˎˋʽˁʺˌ ɹˋˍˇˊʾʰˌ ɱˇˎ˂ʰ˄ʵˊʺ κ ɳ˂˂ʹ˄ʽˁˈ ɼʷ˄ˍˊˇ ɰʽˇˍˈˉ˖˄-ʇʴˊ̱̌ ˈˉ˖˄ 

όɾɱʊɹ-ɳɼɰʇύ ˁ ʰʽ ˍʹ ̩ʁ ˍʰʽˊʶʾʰ ̩OLYMPOS CONSULTING. ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ʰˎˍʺ ̌ ʵʺʴʹˋʶ ˋˍʹ ˋˏ˄ˍʰ˅ʹ ˍʹˌ 

ˉʰˊˇˏˋʰˌ ˍʶ˔˄ʽˁʺˌ ʷˁʻʶˋʹˌΣ ʹ ˇˉˇʾʰ ʶˉʽˋʹ˃ʰʾ˄ʶʽ ˍʹ˄ ʶʴˁˎˊˈˍʹˍʰ ˍ˖˄ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄˖˄ ˃ʶʻˈʵ˖˄ ˁʰʽ 

ˁʰʻˇˊʾʸʶʽ ˍˇ˄ ˇʵʽˁˈ ˔ʱˊˍʹ ʴʽʰ ˍʹ˄ ˍʰˁˍʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ ˋˍʽˌ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˎ˕ʹ˂ʺˌ 

ˉˊˇˋˍʰˋʾʰˌ ˁʰʽ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˔˗ˊʰˌΦ 

ɶ ˉʰˊˇˏˋʰ ʷˁʻʶˋʹ ˃ʶ ˍʾˍ˂ˇ ζʆʶ˔˄ʽˁˈˌ ʁʵʹʴˈˌΥ ɳˉʽˉˍ˗ˋʶʽˌ ˍ˖˄ ʰ˄ʰʵˎˈ˃ʶ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌ όw{ύ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ ʆʶ˔˄ʽˁʷˌ 

ˁʰˍʶˎʻˎ˄ˍʺˊʽʶˌ ʴˊʰ˃˃ʷˌ ˁʰʽ ˋˎˋˍʱˋʶʽˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˎʽˇʻʶˍʹʻˇˏ˄ ʰˉˈ ˍˇ˄ ʁΦʊɳΦʃɳΦɼΦɮηΣ 
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ˉʰˊˇˎˋʽʱʸʶʽ ˍʽˌ ʶˊʴʰˋʾʶˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ɰΦ4.3 ˁʰʽ ʵʽʰˊʻˊ˗˄ʶˍʰʽ ˋʶ ʶˉˍʱ 

ˁˏˊʽʶˌ ʶ˄ˈˍʹˍʶˌΥ 

ɶ ɳ˄ˈˍʹˍʰ м ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍˇ ʻʶ˖ˊʹˍʽˁˈ ˉ˂ʰʾˋʽˇ ˔ˊʺˋʹˌ ˒ʰˋ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʷˋ˖ 

ʵˇˊˎ˒ˇˊʽˁ˗˄ ʰʽˋʻʹˍʺˊ˖˄ ˁʰʽ ʵʶʵˇ˃ʷ˄˖˄ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˃ʷˋ˖ ˍʶ˔˄ʽˁʺˌ [ƛ5!wΣ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ 

ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΦ 

ɶ ɳ˄ˈˍʹˍʰ н h ˄ʰ˒ʷˊʶˍʰʽ ̀ ˍ̔ˌ ˁ ʰˍʶˎʻˎ˄ˍʺˊʽʶˌ ʴˊʰ˃˃ʷˌ ʴʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹΣ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ʵˇˊˎ˒ˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˈˉ˖ˌ ʶʽˁˈ˄ʶˌ Sentinel ˁʰʽ Planet scopeΦ ʂˉ˖ˌ ʶˉʾˋʹˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ 

ˋʹ˃ʰˋʾʰ ˍʹˌ ˋˎ˂˂ˇʴʺˌ ʵʶʵˇ˃ʷ˄˖˄ ˉʶʵʾˇˎ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ˇ˄ˍʷ˂˖˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˁʰʽ ʱ˂˂˖˄ 

ʵʰˋʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ʵʰˋʽˁʺ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΦ 

ɶ ɳ˄ˈˍʹˍʰ о ʶˋˍʽʱʸʶʽ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ʶˉʾʴʶʽˇˎˌ ˁʰʽ 

ʶ˄ʶˊʴʹˍʽˁˇˏˌ ˋʰˊ˖ˍʷˌ ˁʰʽ ˉ˂ʰˍ˒ˈˊ˃ʶˌΣ ˁʰʻ˗ˌ ʶˉʶ˅ʹʴˇˏ˄ˍʰʽ ˇʽ ʵˏˇ ʲʰˋʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ ʰ˄ʱ˂ˎˋʹˌ 

ʰˎˍ˗˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰύ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ˍˊ˖˄ όLƴŘƛǾƛŘǳŀƭ ¢ǊŜŜ 5ŜǘŜŎǘƛƻƴύ ˁʰʽ ʲύ 

ˍʹ˄ h ˄ʱ˂ˎˋʹ ʲʱˋʹ ˉʶˊʽˇ˔ʺˌ όŀǊŜŀ-based). 

ɶ ɳ˄ˈˍʹˍʰ п ˁʰ˂ˏˉˍʶʽ ˍʽˌ ˁʰˍʶˎʻˎ˄ˍʺˊʽʶˌ ʴˊʰ˃˃ʷˌ ʴʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹΣ ʵʽʰ˔ʶʾˊʽˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 

ʅˎˋˍʺ˃ʰˍʰ ˃ʹ ɳˉʰ˄ʵˊ˖˃ʷ˄˖˄ ɮʶˊˇˋˁʰ˒˗˄ όUAVύΦ ɲʾ˄ˇ˄ˍʰʽ ˇʵʹʴʾʶˌ ʴʽʰ ˍˇ˄ ʶ˅ˇˉ˂ʽˋ˃ˈ ˁʰʽ ˍˇ˄ 

ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ ʰˉˇˋˍˇ˂˗˄Φ ɮ˄ʰ˒ʷˊˇ˄ˍʰʽ ˇʽ ˄ˇ˃ʽˁˇʾ ˁʰʽ ˁʰʽˊʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾ ˁʰʽ ˉʰˊʷ˔ˇ˄ˍʰʽ 

ˋˎ̀ˍʱˋʶʽˌ ʴʽʰ ˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˁʰʽ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˋˍˇ ˉʶʵʾˇΦ ɳˉʾˋʹˌΣ ˋˍʹ˄ ʾʵʽʰ 

ʶ˄ˈˍʹˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˂ˇʴʽˋ˃ʽˁʱ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʵʶʵˇ˃ʷ˄˖˄ UAV.  

ɶ ɳ˄ˈˍʹˍʰ 5 ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʽˌ ˁʰˍʶˎʻˎ˄ˍʺˊʽʶˌ ʴˊʰ˃˃ʷˌ ʴʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹΣ ʵʽʰ˔ʶʾˊʽˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ 

Terestial [ŀǎŜǊ {ŎŀƴƴŜǊΣ ʶ˄˗ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ά/ȅŎƭƻƴŜ wŜƎƛǎǘŜǊ ослέ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ʰˎˍ˗˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɶ ɳ˄ˈˍʹˍʰ с ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʽˌ ˁʰˍʶˎʻˎ˄ˍʺˊʽʶˌ ʴˊʰ˃˃ʷˌ ʴʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹΣ ʵʽʰ˔ʶʾˊʽˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ 

ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ {[!a ό{ƛƳǳƭǘŀƴŜƻǳǎ [ƻŎŀƭƛȊŀǘƛƻƴ ŀƴŘ aŀǇǇƛƴƎύ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ оɲ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ 

ʰˉˇˍˏˉ˖ˋʹ ˍˇˉˇʴˊʰ˒ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄, ʁ ˄˗ ˉʰˊˇˎˋʽʱʸˇ˄̱ʰʽ ˍ h˂ ˇʴʽˋ˃ʽˁΣɦ άDŜƻ{[!a Iǳōέ ˁʰʽ 

άDŜƻ{[!a /ƻƴƴŜŎǘέ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ʰˎˍ˗˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɶ ɳ˄ˈˍʹˍʰ т ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ʁ̔ ʵʽˁˈˍʶˊʰ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˄ʷ˒ˇˎˌ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ 

ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΦ ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʵʾ˄ˇ˄ˍʰʽ ˇʵʹʴʾʶˌ ʴʽʰ ˍʹ 

ʵʽʰ˔ʶʾˊʽˋʹΣ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ ˇˊʴʱ˄˖ˋʹ ˍ˖˄ ʰˊ˔ʶʾ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ʽʰʾ˖˄ 

ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ʰˉˈ ʵʶʵˇ˃ʷ˄ʰ ˄ʷ˒ˇˎˌΦ ʆʷ˂ˇˌΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˂ˇʴʽˋ˃ʽˁʱ όоD Forest, 3d Fin), 

ʲʽʲ˂ʽˇʻʺˁʶˌ όLAStools) ˁʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ ˂ˇʴʽˋ˃ʽˁˇˏ ˃ʶ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ʰˉˈ ʶˉʾʴʶʽʰ ˁʰʽ ʶ˄ʰʷˊʽʰ ʵʶʵˇ˃ʷ˄ʰ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄Φ 
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EXECUTIVE SUMMARY 

¢Ƙƛǎ ǊŜǇƻǊǘ Ƙŀǎ ōŜŜƴ ǇǊŜǇŀǊŜŘ ƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ !/¢Lhb .Φп άƭƴƴƻǾŀǘƛǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ 

approaches  for  biodiversity  information extraction in 2 selected National Parks of Greece (one 

Ƴƻǳƴǘŀƛƴƻǳǎ ŀƴŘ ƻƴŜ ǿŜǘƭŀƴŘκŎƻŀǎǘŀƭύέ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ 9[-BIOS hELlenic BlOodiversity lnformation 

System: an innovative tool for biodiversity conservation, which is co-funded by the LIFE Programme 

of the European Union and implemented by the Green Fund and co-beneficiaries, the Organisation 

for the Natural Environment and Climate Change (NECCA), the Aristotle University of Thessaloniki-

Department of Surveying and Surveying Engineering, the Goulandris Natural History Museum/Greek 

Biotope Wetland Centre (EKBY), the University of Thessaly - Department of Electrical and Computer 

Engineering (DECE), the European Topic Centre of the University of Malaga (ETC-UMA) in Spain and 

OLYMPOS CONSULTING P. C. 

ACTION B.3 is comprised by three discrete sub-actions:  

ɰ.4.1 Innovative RS data acquisition and information extraction (remote sensing, EO, wireless sensors, 

Lidar) over pilot site A (mountainous): Pindos National Park. 

ɰ.4.2 Innovative RS data acquisition and information extraction (remote sensing, EO, Lidar) over pilot 

site B (wetland / Coastal): Kotychi Strofylia Wetlands National Park. 

ɰ.4.3 Demonstration of implications and advantages for management and conservation through 

innovative RS data acquisition and information extraction. 

Sub-action B.4.3 focuses on highlighting the implications and advantages of innovative remote sensing 

(RS) data acquisition and information extraction methods for biodiversity management and 

conservation. 

Through an information fusion procedure and the synthesis of data collected from each pilot site, 

along with available nationwide data (biodiversity baseline data, Earth Observation - EO data), an 

evaluation of the analysis results for the two pilot areas was conducted by the team of Aristotle 

University of Thessaloniki, in collaboration with the teams of Goulandris Natural History 

Museum/Greek Biotope Wetland Centre (EKBY), the University of Thessaly, and the company 

OLYMPOS CONSULTING P. C. This evaluation led to the preparation of the present technical report, 

pointing out the validity of the applied methods and defines the roadmap for their routine 

implementation across protected areas of high conservation value in the country. 

¢Ƙƛǎ ǊŜǇƻǊǘ ŜƴǘƛǘƭŜŘ άTechnical Guide: implications of the emerging RS data for biodiversity 

management and conservation. Technical guidelines and recommendations to be adopted from 

NECCAέ, provides a synopsis of the work undertaken under sub-actions B.4.3. 

This deliverable is divided into seven main sections. 

Section 1 provides an overview of the theoretical framework for the utilization of spectral data from 

satellite sensors and point cloud data acquired through LiDAR technology, with the objective of 

extracting information related to biodiversity. 
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Section 2 provides guidelines for the acquisition, management, and processing of satellite data, such 

as Sentinel and PlanetScope imagery. Additionally, it highlights the importance of field data collection 

for the development of biodiversity models and other forest parameters related to forest biodiversity. 

Section 3 focuses on the generation of point cloud data from various terrestrial and active scanners 

and platforms. The section elucidates the two primary categories of analysis for such data: (a) 

Individual Tree Detection (ITD) and (b) area-based analysis. 

Section 4 covers the guidelines for acquiring and managing data from Unmanned Aerial Vehicle (UAV) 

systems. It provides instructions on equipment selection and mission planning, while also addressing 

the legal and weather constraints. Additionally, it offers recommendations for mission execution and 

field measurements. The section also presents software for the processing of UAV data. 

Section 5 outlines the guidelines for acquiring and managing data using a Terrestrial Laser Scanner and 

ƛƴǘǊƻŘǳŎŜǎ ǘƘŜ ά/ȅŎƭƻƴŜ wŜƎƛǎǘŜǊ ослέ ǎƻŦǘǿŀǊŜ ŦƻǊ ǇǊƻŎŜǎǎƛƴƎ ǘƘŜǎŜ ŘŀǘŀΦ 

Section 6 provides guidelines for acquiring and managing data using SLAM (Simultaneous Localization 

and Mapping) technology for the creation of 3D models and the mapping of topographic features. In 

addition, the section presents the software "GeoSLAM Hub" and "GeoSLAM Connect" for processing 

these data. 

Section 7 is specifically concerned with the analysis of point cloud data for the purpose of extracting 

information related to biodiversity. The section provides comprehensive instructions on the 

management, storage, and organisation of files, as well as the creation of unified three-dimensional 

models from point cloud data. Furthermore, it offers a detailed description of software tools such as 

3D Forest and 3D Fin, along with libraries (Lastools), and the development of software using 

programming languages to extract biodiversity-related parameters from terrestrial and aerial point 

cloud data.. 
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ɳɹʅɮɱʍɱɶ 

ʅˍˈ˔ˇˌ ˍˇˎ ʷˊʴˇˎ ζ[LC9 9[ .Lh{ ς ɳ˂˂ʹ˄ʽˁˈ ʃ˂ʹˊˇ˒ˇˊʽʰˁˈ ʅˏˋˍʹ˃ʰ ɰʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΥ ɴ˄ʰ ˁʰʽ˄ˇˍˈ˃ˇ 

ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ό[LC9нл DL9 κ Dw κ ллмомтύη ʶʾ˄ʰʽ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ 

ʶʻ˄ʽˁʺˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˃ʽʰˌ ʴʶ˖ˉˏ˂ʹˌ ʶ˂ʶˏʻʶˊʹˌ ˉˊˈˋʲʰˋʹˌΣ ʹ 

ˇˉˇʾʰ ʻʰ ˋˎ˄ʵˎʱʸʶʽ ˍʽˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʶˌ ʶ˂˂ʹ˄ʽˁʷˌ ʲʱˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˉˇˎ ˋʺ˃ʶˊʰ 

ʶʾ˄ʰʽ ʰˉˇˋˎ˄ʵʶʵʶ˃ʷ˄ʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʰˎˍʷˌ ˇʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʻʰ ˋˎ˄ʵˎʰˋˍˇˏ˄ ˃ʶ 

ˍʹ˂ʶˋˁˇˉʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʰˋˏˊ˃ʰˍˇˎˌ ʰʽˋʻʹˍʺˊʶˌ ˉʶʵʾˇˎ ˁʰʽ 

ʵʶʵˇ˃ʷ˄ʰ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ˉʶʵʾˇˎ ˋʶ ˉʽ˂ˇˍʽˁʷˌ ˍˇˉˇʻʶˋʾʶˌ ˍˇˎ ɲʽˁˍˏˇˎ bŀǘǳǊŀ нлллΦ  

ʅˍˇ ˍʶˏ˔ˇˌ ʰˎˍˈ ʻʰ ʰ˄ʰ˂ˎʻʶʾ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˂ʺ˕ʹˌ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʵʶʵˇ˃ʷ˄˖˄ ˉʶʵʾˇˎΣ 

ʵˇˊˎ˒ˇˊʽˁ˗˄Σ ʶ˄ʰʷˊʽ˖˄ ˁʰʽ ʶˉʾʴʶʽ˖˄ ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʵˏˇ όнύ ˅ʶ˔˖ˊʽˋˍʷˌ ʵʰˋʽˁʷˌ 

ˍˇˉˇʻʶˋʾʶˌ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ʰˉʰʽˍʹˍʽˁˈ ʶʴ˔ʶʾˊʹ˃ʰΣ ˍˈˋˇ ˋʶ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈ 

ʶˉʾˉʶʵˇ ˈˋˇ ˁʰʽ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˋˍˇ ˉʶʵʾˇΣ ˉˇˎ ʰˉʰʽˍʶʾ ˋˎ˄ʵˎʰˋ˃ˈ ˍʶ˔˄ˇʴ˄˖ˋʾʰˌΣ 

ˇˊʴʱ˄˖ˋʹˌ ˁʰʽ ˉˊˇˋʰˊ˃ˇˋˍʽˁˈˍʹˍʰˌ ˋˍʽˌ ʶˁʱˋˍˇˍʶ ˋˎ˄ʻʺˁʶˌΦ 

ʅˎ˄ˇˉˍʽˁʱΣ ˇʽ ˋˍˈ˔ˇʽ ʰˎˍʺˌ ˍʹˌ ʶ˄ˈˍʹˍʰˌ ʶˊʴʰˋʽ˗˄ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ʷˊʴˇˎ ELBIOS ʺˍʰ˄ όʶˊʶˎ˄ʹˍʽˁˇʾ 

ˋˍˈ˔ˇʽύΥ 

1. ɶ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʶ˅ʰʴ˖ʴʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ 
ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ʵʽʰʻʷˋʽ˃ʰ ʵˇˊˎ˒ˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ̄ ˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌ 

2. ɶ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʶ˅ʰʴ˖ʴʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ 
ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ˍˊ˖˄Σ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ 
ʵʽʰʻʷˋʽ˃ʰ ʰ˄ˇʽˁˍʱ ˂ˇʴʽˋ˃ʽˁʱΣ ʲʽʲ˂ʽˇʻʺˁʶˌ ˁʰʽ ˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄ ʰˉˈ ʷ˄ʰ ˋ˔ʶˍʽˁʱ ˄ʷˇ ˋˏˋˍʹ˃ʰ 
ˁʰˍʰʴˊʰ˒ʺˌ όSLAM, TLSύΣ ˍˇ ˇˉˇʾˇ ʶˉʽˍˎʴ˔ʱ˄ʶʽ ʶˎʶ˂ʽ˅ʾʰ ˋˍˇ ˉʶʵʾˇ ˁʰʽ ˇʽˁˇ˄ˇ˃ʾʰ ˔ˊˈ˄ˇˎΦ 

3. ɶ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʶ˅ʰʴ˖ʴʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ 
ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ʰ˄ʱ˂ˎˋʹˌ ʲʱˋʹ ˉʶˊʽˇ˔ʺˌΣ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ʵʽʰʻʷˋʽ˃ʰ ʰ˄ˇʽˁˍʱ 
˂ˇʴʽˋ˃ʽˁʱΣ ʲʽʲ˂ʽˇʻʺˁʶˌ ˁʰʽ ˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄ ʰˉˈ ʷ˄ʰ ʶˉʾʴʶʽˇ ˋˏˋˍʹ˃ʰ ˁʰˍʰʴˊʰ˒ʺˌ όSLAM, 
TLSύΦΣ ˃ʶ ʰ˄ʰʴ˄˖ˊʽˋ˃ʷ˄ʹ ʰ˅ʾʰ ˉˊˇˌ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˁʰˍʰʴˊʰ˒ʺˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

4. ɶ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʶ˅ʰʴ˖ʴʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ 
ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ˍˊ˖˄Σ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ 
ʵʽʰʻʷˋʽ˃ʰ ʰ˄ˇʽˁˍʱ ˂ˇʴʽˋ˃ʽˁʱΣ ʲʽʲ˂ʽˇʻʺˁʶˌΣ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍʹ ˋˎʴ˔˗˄ʶˎˋʹ ˉ˂ʹˊˇ˒ˇˊʾʰˌ h ˉˈ 
˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄ SLAM ˁ ʰʽ ʶ˄ʰʷˊʽˇˎ ʰʽˋʻʹˍʺˊʰ LiDAR (UAV-LiDAR). 

5. ɶ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʶ˅ʰʴ˖ʴʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ 
ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹˌ ʰ˄ʱ˂ˎˋʹˌ ʲʱˋʹ ˉʶˊʽˇ˔ʺˌΣ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍʹ ˋˎʴ˔˗˄ʶˎˋʹ 
ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʰˉˈ ˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄ SLAM ˁ ʰʽ ʶ˄ʰʷˊʽˇˎ ʰʽˋʻʹˍʺˊʰ LiDAR (UAV-LiDAR). 

6. ɶ ʵʽʶˊʶˏ˄ʹˋʹ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˁ ʰʽ ˍ˖˄ ʶˎˁʰʽˊʽ˗˄ ̄ ˇˎ ˎ˒ʾˋˍʰ˄ˍʰʽ ˖ˌ ˉˊˇˌ ˍʹ ˋˎ˂˂ˇʴʺ ˁʰʽ 
ʰ˅ʽˇˉˇʾʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʴʽʰ ˍʹ ˁʰˍʰˁˈˊˎ˒ʹ 
ʵˇ˃ʺ ̀ ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ˋʶ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄ʶˌ, ̝ ʶˊˋʰʾʶˌ ɻ ʰˋʽˁʷˌ ̄ ʶˊʽˇ˔ʷˌ. 

ʅˍˇ ˉʰˊˈ˄ ˍʶˏ˔ˇˌ ʰˁˇ˂ˇˎʻʶʾ ʹ ˁʰˍʰʴˊʰ˒ʺ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˇˊʽˋ˃ʷ˄˖˄ ʸʹˍʹ˃ʱˍ˖˄ ˉˇˎ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ 

ˉˊˇˁˏ˕ˇˎ˄ ˍˈˋˇ ˋʶ ʻʶ˖ˊʹˍʽˁˈ ˈˋˇ ˁʰʽ ˋʶ ˉˊʰˁˍʽˁˈ ʶˉʾˉʶʵˇ ˁʰʽ ˍʰ ˇˉˇʾʰ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʶˉʹˊʶʱˋˇˎ˄ 

ˍʹ˄ ˉˇʽˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ʷˊʶˎ˄ʰˌΦ ɶ ʰ˄ʰʴ˄˗ˊʽˋʺ ˍˇˎˌ ʰˉˇˍʶ˂ʶʾ 

ˁˊʾˋʽ˃ˇ ʲʺ˃ʰ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ˁʽ˄ʵˏ˄˖˄ ˁʰʽ ˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ 

ʶʴˁˎˊˈˍʹˍʰˌ ˍˇˎ ʷˊʴˇˎΦ  
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1. ɸɳʍʄɶʆɹɼʁ ʃɽɮɹʅɹʁ 

1.1 ɳ̔ˁ ˈ˄ʁ̩ ̱ ʹ˂ʶˉʽˋˁˈˉʹˋʹˌ ɹ ʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ 

ɶ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ʰˉˇˍʶ˂ʶʾ ˍʹ ʲʱˋʹ ʴʽʰ ˍʹ˄ ˎʴʶʾʰ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ˎˉʹˊʶˋʽ˗˄ ˉˇˎ 

ˉʰˊʷ˔ˇˎ˄ ˋˍʹ˄ ˁˇʽ˄˖˄ʾʰΦ ʍˋˍˈˋˇΣ ʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˊʰʴʵʰʾʰ ˋʶ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇΣ ˉʰˊʱ 

ˍʽˌ ʵʶˋ˃ʶˏˋʶʽˌ ˍ˖˄ ˁˎʲʶˊ˄ʺˋʶ˖˄ ˄ʰ ˃ʶʽ˗ˋˇˎ˄ ˍˇ˄ ˊˎʻ˃ˈ ʰˉ˗˂ʶʽʰˌ (Butchart et al., 2010)Φ ɶ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ʶʾ˄ʰʽ ʲʰˋʽˁˈ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ ˁʰʻ˗ˌ ʶˉʽˍˊʷˉʶʽ ˋˍʽˌ 

ˁˎʲʶˊ˄ʺˋʶʽˌ ˁʰʽ ˍʹ˄ ˁˇʽ˄˖˄ʾʰ ˍ˖˄ ˉˇ˂ʽˍ˗˄ ˄ʰ ʶ˄ˍˇˉʾʸˇˎ˄ ˉˊˇʲ˂ʺ˃ʰˍʰΣ ˄ʰ ʰ˄ʰˉˍˏˋˋˇˎ˄ ˂ˏˋʶʽˌ ˁʰʽ 

˄ʰ ʰ˅ʽˇ˂ˇʴˇˏ˄ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍ˖˄ ʵˊʱˋʶ˖˄ ˁʰʽ ˍʹ˄ ˉˊˈˇʵˇ ˉˊˇˌ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍ˖˄ ˋˍˈ˔˖˄ 

ˍʹˌ !ƛŎƘƛΣ ˉˇˎ ˍʷʻʹˁʰ˄ ʰˉˈ ˍʹ ʅˏ˃ʲʰˋʹ ʴʽʰ ˍʹ ɰʽˇ˂ˇʴʽˁʺ ʃˇʽˁʽ˂ˈˍʹˍʰ (OΩConnor et al., 2015)(Turner 

et al., 2015) 

ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˋˍˇ ˔ʶˊˋʰʾˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʵʽʶ˅ʱʴʶˍʰʽ ˉʰˊʰʵˇˋʽʰˁʱ ˃ʶ ʶˉʽˍˈˉʽʶˌ 

ʷˊʶˎ˄ʶˌ ˉʶʵʾˇˎ ˁʰʽ ɦ˃ʶˋʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˋʶ ɻʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌΣ ˇʽ ˇˉˇʾʶˌ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˃ʽʰ ˃ʽˁˊʺ ˉʶˊʽˇ˔ʺ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ˉˊˇˁˏˉˍˇˎ˄ ʴʶ˄ʽˁʱ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˍʽˌ 

ˋˎ˄ˇ˂ʽˁʷˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌΦ ʍˋˍˈˋˇΣ ʰˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʶʴʴʶ˄ʶʾˌ ʰʵˎ˄ʰ˃ʾʶˌ 

ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˃ˉˇʵʾˋˇˎ˄ ˍʹ˄ ˉ˂ʺˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄Φ 

ɾʾʰ ˋʹ˃ʰ˄ˍʽˁʺ ˉʶˊʽˇˊʽˋˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ ʶʾ˄ʰʽ ˈˍʽ ˇʽ ˉʰˊʰˍʹˊʹˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ʶʽˋʱʴˇˎ˄ 

ˎˉˇˁʶʽ˃ʶ˄ʽˁˈˍʹˍʰ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˋˎ˂˂ˇʴʺˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˇʵʹʴ˗˄ˍʰˌ ˋʶ ˃ʶˊˇ˂ʹˉˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ˁʰʽ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˁʰʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ʵʶʵˇ˃ʷ˄˖˄Φ ɳˉʽˉ˂ʷˇ˄Σ ˍˇ ʶˏˊˇˌ ˍ˖˄ 

ʶˉʽˍˈˉʽ˖˄ ʶˊʶˎ˄˗˄ ʶʾ˄ʰʽ ʰˉˈ ˍʹ ˒ˏˋʹ ˍˇˎ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇΦ ʅˎ˔˄ʱΣ ʹ ˉ˂ʺˊʹˌ ˁʱ˂ˎ˕ʹ ˃ʶʴʱ˂˖˄ 

ˉʶˊʽˇ˔˗˄ ʶʾ˄ʰʽ ʰ˄ʷ˒ʽˁˍʹΣ ʰ˒ʺ˄ˇ˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁʱ ˍ˃ʺ˃ʰˍʰ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˔˖ˊʾˌ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˁʰʽ ʶ˃ˉˇʵʾʸˇ˄ˍʰˌ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˉˊˇˍˏˉ˖˄ ˁʰʽ ˍʱˋʶ˖˄ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ ɶ 

˃ʶʴʱ˂ʹ ʰˉʰʾˍʹˋʹ ˉˈˊ˖˄ ʴʽʰ ˍʽˌ ʱ˃ʶˋʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˁʰʽ ˍʽˌ ʶˉʽˍˈˉʽʶˌ ʷˊʶˎ˄ʶˌ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ 

ˉˊˈˋʻʶˍʹ ˉˊˈˁ˂ʹˋʹΣ ˁʰʻ˗ˌ ʰˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʰˉʰʽˍˇˏ˄ ˋʹ˃ʰ˄ˍʽˁˇˏˌ ˇʽˁˇ˄ˇ˃ʽˁˇˏˌ ˁʰʽ ʰ˄ʻˊ˗ˉʽ˄ˇˎˌ 

ˉˈˊˇˎˌΣ ˇʽ ˇˉˇʾˇʽ ˃ˉˇˊʶʾ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ ˉʱ˄ˍʰ ʵʽʰʻʷˋʽ˃ˇʽΣ ʽʵʽʰʾˍʶˊʰ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˃ʶ 

ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌΦ ɳˉʾˋʹˌΣ ʹ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˃ʷˋ˖ ʱ˃ʶˋ˖˄ 

ˉʰˊʰˍʹˊʺˋʶ˖˄ ˁʰʽ ʶˊʶˎ˄˗˄ ˉʶʵʾˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˉʶˊʾˉ˂ˇˁʹ ˁʰʽ ˔ˊˇ˄ˇʲˈˊʰΦ  

ʅˎ˄ˇ˂ʽˁʱΣ ʶ˄˗ ˇʽ ʱ˃ʶˋʶˌ ˉʰˊʰˍʹˊʺˋʶʽˌ ˁʰʽ ˇʽ ʶˉʽˍˈˉʽʶˌ ʷˊʶˎ˄ʶˌ ʷ˔ˇˎ˄ ʰˉˇˍʶ˂ʷˋʶʽ ˉˇ˂ˏˍʽ˃ʰ 

ʶˊʴʰ˂ʶʾʰ ˋˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˍˇˎˌ ˁʰʻʽˋˍˇˏ˄ ʰ˄ʰʴˁʰʾʰ ˍʹ˄ 

ʶ˅ʶˊʶˏ˄ʹˋʹ ˁʰʽ˄ˇˍˈ˃˖˄ ˉˊˇˋʶʴʴʾˋʶ˖˄ ʴʽʰ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˋˎ˂˂ˇʴʺˌΣ ʰ˄ʱ˂ˎˋʹˌ ˁʰʽ ʶˊ˃ʹ˄ʶʾʰˌ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄Φ  

ɶ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˃ʽʰˌ ˉʰʴˁˈˋ˃ʽʰˌ ˉˊˈˁ˂ʹˋʹˌΣ ˈˉ˖ˌ ʹ ʰˉ˗˂ʶʽʰ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ ʰˉʰʽˍʶʾ ˍʹ 

ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˉʰʴˁˈˋ˃ʽ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋʶ ˉˇ˂˂ʰˉ˂ʷˌ ˔˖ˊʽˁʷˌ ˁʰʽ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ. ʆʰ ˉˊˇʿˈ˄ˍʰ 

ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌ ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˉʰˊʷ˔ˇˎ˄ ˋˎ˄ʶ˔ʺ ˔˖ˊˇ˔ˊˇ˄ʽˁʺ ˉ˂ʹˊˇ˒ˈˊʹˋʹ ˋ˔ʶˍʽˁʱ ˃ʶ 

ʲʰˋʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˇˊʴʰ˄ʽˋ˃˗˄Σ ʲʶ˂ˍʽ˗˄ˇ˄ˍʰˌ ʷˍˋʽ ˍˈˋˇ ˍʹ 

˔ˊʺˋʹ ˈˋˇ ˁʰʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ʰˎˍ˗˄ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ʴʽʰ ˋˁˇˉˇˏˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁʰʽ 

ˋ˔ʶʵʽʰˋ˃ˇˏ (Randin et al., 2020). 

ɶ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹ ˃ʷˋ˖ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʶʽˁˈ˄˖˄ ʁ ʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˋˎ˄ʶˁˍʽˁ˗˄ 

ʰˊ˔ʶʾ˖˄ ˉʰˊʰˍʺˊʹˋʹˌ ˍ˖˄ ʲʰˋʽˁ˗˄ ˉʰˊʰʴˈ˄ˍ˖˄ ʰ˂˂ʰʴʺˌ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ όʵʹ˂ʰʵʺΣ ˍʹˌ 

ʵˎ˄ʰ˃ʽˁʺˌ ˍʹˌ ˁʱ˂ˎ˕ʹˌ ˁʰʽ ˔ˊʺˋʹˌ ʴʹˌΣ ˍ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰʽ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˍʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌύ ʰˉˈ ˍˇ ˍˇˉʽˁˈ ʷ˖ˌ ˍˇ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇ (Hansen and Loveland, 2012). 
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ɾʶ ʰˎ˅ʰ˄ˈ˃ʶ˄ˇ ʶˏˊˇˌ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʰʽˋʻʹˍʺˊ˖˄Σ ˋˎ˄ʶ˔˗ˌ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ˋˎ˔˄ʷˌ 

ʶ˄ʹ˃ʶˊ˗ˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˇ ̔ʵˇˊˎ˒ˈˊˇ ̔ˉ˂ʷˇ˄ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ˄ ˍʶˊʱˋˍʽˇ ˉˈˊˇ ʴʽʰ ˍʹ˄ ˉʰˊʰˍʺˊʹˋʹ 

ˍˇˎ ˉ˂ʰ˄ʺˍʹ ɱʹ ˁʰʽ ʹ ʵˇˊˎ˒ˇˊʽˁʺ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹ ʷ˔ʶʽ ʰ˄ʰʵʶʽ˔ʻʶʾ ˖ˌ ʸ˖ˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ʵʽʰˍʺˊʹˋʹ 

ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ (Buchanan, G. M., Nelson, A., Mayaux, P., Hartley, A., & Donald, 2009; Pettorelli 

et al., 2014a).  

ɳˉʽˉ˂ʷˇ˄Σ ˍʹ˄ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ʶ˂ʶˏʻʶˊʹ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄-ʵʶʵˇ˃ʷ˄˖  ˄ˁʰʽ ˍʹ˄ ˉʰˊˇ˔ʺ 

˂ˇʴʽˋ˃ʽˁ˗  ˄ʁ ˉʶ˅ʶˊʴʰˋʾʰˌΣ ʹ ʶ˒ʰˊ˃ˇʴʺ ˒ʰˋ˃ʰˍʽˁ˗˄ ʶʽˁˈ˄˖˄ ʴʽʰ ˍʹ˄ ̄ ʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ 

ˍʹˌ ˁʱ˂ˎ˕ʹˌ ʴʹˌ ʷ˔ʶʽ ʰˉˇˁˍʺˋʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˋʹ˃ʰˋʾʰ ˁʰʽ ˋˉˇˎʵʰʽˈˍʹˍʰ.  

ʁʽ ʵˇˊˎ˒ˇˊʽˁʷˌ ʶʽˁˈ˄ʶˌ ˉˊˇˋ˒ʷˊˇˎ˄  

Á ʁ˂ ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʶʽˁˈ˄ʰ ʶˁˍʶ˄˗˄ ˁʰʽ ˋˎ˔˄ʱ ʵˎˋˉˊˈˋʽˍ˖˄ ˉʶˊʽˇ˔˗˄Σ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ˃ʽʰ 
ʶˎˊˏˍʶˊʹ ˔˖ˊʽˁʺ ˉˊˇˇˉˍʽˁʺ ˁʰʽ ˃ʽʰ ˉʽˇ ˇ˂ʽˋˍʽˁʺ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ 
ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ   

Á ʅˎ˔˄ʷˌ ˁʰʽ ˋˎ˄ʶ˔ʶʾˌ ʶ˄ʹ˃ʶˊ˗ˋʶʽˌ ˋ˔ʶˍʽˁʱ ˃ʶ ʵˎ˄ʰ˃ʽˁʷˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʰ˂˂ʰʴʷˌ ˁʰʽ 
ʴʶʴˇ˄ˈˍʰΣ ˁʱˍʽ ˉˇˎ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ˇ ʴʽʰ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʵʽʰˍʺˊʹˋʹ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄Φ  

Á ɴʴˁʰʽˊʹ ʰ˄ʾ˔˄ʶˎˋʹ ˎˉˇʲʱʻ˃ʽˋʹˌ ˁʰʽ ʰˉ˗˂ʶʽʰˌ ˇʽˁˇˍˈˉ˖˄Σ ʶʽˋʲˇ˂ʺˌ ˅ʶ˄ʽˁ˗˄ ʶʽʵ˗˄ ˁʰʽ 
ʱ˂˂˖˄ ʰˉʶʽ˂˗˄ ˉˊˇˌ ˍʰ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˉˊˇ˂ʹˉˍʽˁʺ ˉʰˊʷ˃ʲʰˋʹ ˉˊʽ˄ ˇʽ 
ʰˉʶʽ˂ʷˌ ʴʾ˄ˇˎ˄ ˉʽˇ ˋˇʲʰˊʷˌΦ   

Á ʅˎ˄ˇ˔ʺ ˕ʹ˒ʽʰˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˉˇˎ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʶˉʽˍˈˉʽʶˌ ʶˉʰ˂ʹʻʶˏˋʶʽˌΣ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ 
ˎ˕ʹ˂ˈ ʶˉʾˉʶʵˇ ʰˁˊʾʲʶʽʰˌ ˁʰʽ ʰ˅ʽˇˉʽˋˍʾʰˌ ˋˍʽˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ˋˎ˂˂ʷʴˇ˄ˍʰʽΦ   

Á ɮˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʹ ʰˉˇʵˇˍʽˁˈˍʹˍʰΣ ˁʰʻ˗ˌ ʹ ˍʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹ ʲʶ˂ˍʽ˗˄ʶʽ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ 
ˁʰʽ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ˉˊˇʹʴ˃ʷ˄ʶˌ ʰ˄ʰ˂ˎˍʽˁʷˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˁʰʽ ˃ʽʰ 
ʽˋ˔ˎˊʺ ʲʱˋʹ ʴʽʰ ˍʹ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄Φ   

Á ʁʽˁˇ˄ˇ˃ʽˁʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰΣ ˁʰʻ˗ˌ ʹ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹ ˃ʷˋ˖ ʵˇˊˎ˒ˈˊ˖˄ ˃ʶʽ˗˄ʶʽ ˍʹ˄ ʰ˄ʱʴˁʹ 
ʴʽʰ ʵʰˉʰ˄ʹˊʷˌ ʶˉʽˍˈˉʽʶˌ ʷˊʶˎ˄ʶˌ ˁʰʽ ʶˉʰ˄ʵˊ˖˃ʷ˄ʶˌ ʰˉˇˋˍˇ˂ʷˌΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍʹ˄ 
ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˉʽˇ ˇʽˁˇ˄ˇ˃ʽˁʱ ʲʽ˗ˋʽ˃ʹΣ ʶˉʶˁˍʱˋʽ˃ʹ ˁʰʽ ˃ʹ 
ˉʰˊʶ˃ʲʰˍʽˁʺΦ 

ʇˉʱˊ˔ˇˎ˄ ʰˊˁʶˍʷˌ ˉˊˇˋˉʱʻʶʽʶˌ ˔ʰˊˍˇʴˊʱ˒ʹˋʹˌ ˁʰʽ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵˇˊˎ˒ˇˊʽˁʱ ˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˈˉ˖ˌ Landsat (Fernłndez-GarcƝa et al., 

2021) (Madonsela et al., 2017), Sentinel-2 (Agrillo et al., 2021; Hauser et al., 2021), PlanetScope 

(Marzialetti et al., 2021), MODIS (Pinto-Ledezma and Cavender-Bares, 2021), Kompsat (Andries et al., 

2021), ˋ ʁ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˁʰʽ ˍˏˉˇˎˌ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄. ɲˇˊˎ˒ˇˊʽˁʱ ˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁʱ 

ʵʶʵˇ˃ʷ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˍˇˉʽˁʺ ˁʰˍʰ˔˗ˊʹˋʹ ʶʽʵ˗˄ όalpha-diversity) (Chrysafis et al., 

2020; Mallinis et al., 2020), ̱  ́˃ ʷˍˊʹˋʹ ˁ ʰʽ ̱ ʹ˄ ̄ ʰˊʰˁˇ˂ˇˏʻʹˋʹ ɦ ˂˂˖˄ ̀ ˎ˄ʽˋˍ˖ˋ˗˄ ̱ ʹˌ ̄ ˇʽˁʽ˂ˈˍʹˍʰˌ, 

ˈˉ˖ˌ ʴʱ˃ʰ ˁʰʽ ʲʺˍʰ ˉˇʽˁʽ˂ˈˍʹˍʰ (Arekhi et al., 2017; Khare et al., 2019), ʵʶʾˁˍʶˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ 

(Pastick et al., 2020), ˁ ʰʽ ˂ ʶʽˍˇˎˊʴʽˁʺ ̄ ˇʽˁʽ˂ˈˍʹˍʰ ˒ ˎˍʽˁ˗˄ ʁ ʽʵ˗˄ (Ma et al., 2019; Zhao et al., 2021), 

ˍʰ ˉˊˈˍˎˉʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖  ˄̌ ʽˁˇˋˎˋˍʹ˃ʱˍ˖  ˄ˁ ʰʽ ˍʹ ˋˏ˄ʻʶˋʹΣ ˍʹ ˒ʰʽ˄ˇ˂ˇʴʾʰ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ (Reddy, 

2021)  

ɲʽʱ˒ˇˊʶˌ ˃ʶʻˇʵˇ˂ˇʴʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʴʽʰ ˍʹ˄ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹ ˍʹˌ ˒ʰˋ˃ʰˍʽˁʺˌ 

ˉˇʽˁʽ˂ˈˍʹˍʰˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍ́ ˂ʶˉʽˋˁˈˉʹˋʹˌ ˁʰʽ ˍʹ ˋˎˋ˔ʷˍʽˋʺ ˍʹˌ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ˋˍˇ 

ʷʵʰ˒ˇˌΣ ʲʰˋʽʸˈ˃ʶ˄ʶˌ ˋʶ ˒ʰˋ˃ʰˍʽˁʱ ʲʶ˂ˍʽ˖˃ʷ˄ʶˌ ʶʽˁˈ˄ʶˌ (Gould, 2000; Nagendra et al., 2010; Warren 
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et al., 2014) ˔˖ˊʽˁʱ ʲʶ˂ˍʽ˖˃ʷ˄ʶˌ ʶʽˁˈ˄ʶˌ (Madonsela et al., 2017), ˉˇ˂ˎ˃ʶˍʰʲ˂ʹˍˇˏˌ 

˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ (Lopes et al., 2017) ˁʰʽ ˉˊˇʹʴ˃ʷ˄ʶˌ ˍʶ˔˄ʽˁʷˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ʶʽˁˈ˄ʰˌ (Khare et al., 

2018). 

ʃˊˇʿˈ˄ˍʰ ˉˇˎ ˉʰˊʷ˔ˇˎ˄ ˍʽ˃ʷˌ ʰ˄ʱˁ˂ʰˋʹˌ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʹˌ (Surface Reflectance - SR) ̄ ˊ̌ˍʽ˃˗˄ˍh̔  

ˋʶ ˃ʶ˂ʷˍʶˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˁʰʽ ʵʰˋʽˁ˗˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄Σ ˁʰʻ˗ˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ̱ ʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ 

ʰ˄ʱˁ˂ʰˋ ́ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌΣ ʰ˒ʰʽˊ˗˄ˍʰˌ ˍʽˌ ʶˉʽʵˊʱˋʶʽˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ˈˉ˖ˌ ʹ ˋˁʷʵʰˋʹ ˁʰʽ ʹ 

ʰˉˇˊˊˈ˒ʹˋʹ (Buchanan, G. M., Nelson, A., Mayaux, P., Hartley, A., & Donald, 2009)Φ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ 

ˍʹ˄ ʰ˄ʱˁ˂ʰˋʹ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ό¢h!ύΣ ʹ ˇˉˇʾʰ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʽˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌΣ ʹ {w ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˒ˎˋʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌΣ ˍʹˌ 

ˎʴˊʰˋʾʰˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˍʹˌ ˁʱ˂ˎ˕ʹˌ ʴʹˌ (Song et al., 2001). ɮˎˍˈ ʲʶ˂ˍʽ˗˄ʶʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˋˍʹ˄ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ ˁʰʽ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʲʽˇ˒ˎˋʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄̱h ʽ ʴʽʰ 

ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ˎʴʶʾʰˌ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ (Pettorelli et al., 2005)Φ ɳˉʽˉ˂ʷˇ˄Σ ʹ {w 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˎˊʷ˖ˌ ˋʶ ˃ˇ˄ˍʷ˂ʰ ˔ʰˊˍˇʴˊʱ˒ʹˋʹˌ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˁʰʽ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ 

ˇʽˁˇˍˈˉ˖˄Σ ˁʰʻ˗ˌ ˃ʶʽ˗˄ʶʽ ˍʽˌ ʰˋˎ˄ʷˉʶʽʶˌ ˃ʶˍʰ˅ˏ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶʽˁˈ˄˖˄ ˁʰʽ ʰʽˋʻʹˍʺˊ˖˄Σ 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˋˎʴˁˊʾˋʶʽˌ ˋʶ ʲʱʻˇˌ ˔ˊˈ˄ˇˎ (Zhu et al., 2015). 

ɶ ˒ʰˋ˃ʰˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ ˍʹ˄ ʶ˅ʷˍʰˋʹ ˍʹˌ ˒ʰˋ˃ʰˍʽˁʺˌ 

ˉˇʽˁʽ˂ˈˍʹˍʰˌ ˁʰʻ˗ˌ ˍʰ ˒ˎˍʽˁʱ ʶʾʵʹ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˉˇˎ 

ʰ˄ˍʰˉˇˁˊʾ˄ˇ˄ˍʰʽ ˋˍˇ ˒˖ˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ʺˁʹ ˁˏ˃ʰˍˇˌ (LalibertŞ et al., 2020). ɼʱʻʶ ˒ˎˍˈ ʵʽʰʻʷˍʶʽ 

˃ʽʰ ˅ʶ˔˖ˊʽˋˍʺ ˒ʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺΣ ʵʹ˂ʰʵʺ ʷ˄ʰ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˍˊˈˉˇ ʰˉˇˊˊˈ˒ʹˋʹˌ ˁʰʽ 

ʰ˄ʱˁ˂ʰˋʹˌ ˍˇˎ ˒˖ˍˈˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ʺˁʹ ˁˏ˃ʰˍˇˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʺ ˍˇˎ 

˃ʷˋ˖ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ˄ ˇˊʰˍʺ ˉʶˊʽˇ˔ʺ ˍˇˎ ˒ʱˋ˃ʰˍˇˌΣ ʹ ˔˂˖ˊˇ˒ˏ˂˂ʹ ˍ˖˄ ˒ˎˍ˗˄ 

ʰˉˇˊˊˇ˒ʱ ʷ˄ˍˇ˄ʰ ˍˇ ˃ˉ˂ʶ ˁʰʽ ˍˇ ˁˈˁˁʽ˄ˇ ˒˖ˌΣ ʶ˄˗ ʰ˄ˍʰ˄ʰˁ˂ʱ ˍˇ ˉˊʱˋʽ˄ˇΣ ʶ˅ʹʴ˗˄ˍʰˌ ʷˍˋʽ ˍˇ ˔ˊ˗˃ʰ 

ˍʹˌ ʲ˂ʱˋˍʹˋʹˌΦ ʅˍˇ ʶʴʴˏˌ ˎˉʷˊˎʻˊˇ όbLwύΣ ʹ ˎʴʽʺˌ ʲ˂ʱˋˍʹˋʹ ˉʰˊˇˎˋʽʱʸʶʽ ˎ˕ʹ˂ʺ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ 

˂ˈʴ˖ ˍʹˌ ʵˇ˃ʺˌ ˍ˖˄ ˁˎˍˍʰˊʽˁ˗˄ ˍˇʽ˔˖˃ʱˍ˖˄ ˍ˖˄ ˒ˏ˂˂˖˄Σ ʶ˄˗ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʰ ˃ʺˁʹ ˁˏ˃ʰˍˇˌΣ ˈˉ˖ˌ 

ˋˍˇ ˃ʶˋʰʾˇ ˎˉʷˊˎʻˊˇ ό{²LwύΣ ʹ ˒ʰˋ˃ʰˍʽˁʺ ˎˉˇʴˊʰ˒ʺ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˍ˖˄ 

˒ˎˍ˗˄ ˋʶ ˄ʶˊˈΦ ɮˎˍʺ ʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˋˍʽˌ ˒ʰˋ˃ʰˍʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ʶˉʽˍˊʷˉʶʽ ˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍʹˌ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˒ˎˍʽˁ˗˄ ʶʽʵ˗˄ ˁʰʽ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʰ˂˂ʰʴ˗˄ ˋˍʹ ʲ˂ʱˋˍʹˋʹ ˂ˈʴ˖ 

ˁ˂ʽ˃ʰˍʽˁ˗˄ ʺ ʰ˄ʻˊ˖ˉˇʴʶ˄˗˄ ʶˉʽʵˊʱˋʶ˖˄Φ 

ʊʰˋ˃ʰˍʽˁˇʾ ʵʶʾˁˍʶˌ ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˋˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹΣ ʹ 

ˇˉˇʾʰ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍˇ˄ ˒˖ˍʽˋ˃ˈ ˍʹˌ ˋˁʹ˄ʺˌΣ ˍˇ ˎˉˈʲʰʻˊˇ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˍʹ ˃ʹ ˒˖ˍˇˋˎ˄ʻʶˍʽˁʺ 

ʲ˂ʱˋˍʹˋʹ ˁʰʽ ˍʽˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ (Chrysafis et al., 2019)Σ ʶ˄˗ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˄ʽˋ˔ˏˋˇˎ˄ ˍʹ 

ˋˎˋ˔ʷˍʽˋʹ ˇˊʽˋ˃ʷ˄˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ ʰˊ˔ʽˁʺ ʰ˄ʰˁ˂ʰˋˍʽˁˈˍʹˍʰ 

ˉˇˎ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍˇ˄ ʰʽˋʻʹˍʺˊʰ (Massetti et al., 2016)  

ʆʰ ˃ʷˍˊʰ ˎ˒ʺˌ ʶʽˁˈ˄˖˄ ˃ʶˋʰʾʰˌ-ˎ˕ʹ˂ʺˌ ˁʰʽ ˉˇ˂ˏ ˎ˕ʹ˂ʺˌ ˔˖ˊʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ʶˉʽˍˊʷˉ̌ ˎ˄ 

˂ʶˉˍˇ˃ʶˊʷˋˍʶˊʹ ʵʽʱˁˊʽˋʹ ˍ˖˄ ʵˇ˃ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˃ʷˋʰ ˋʶ ʵʰˋʽˁʷˌ ˉʶˊʽˇ˔ʷˌ (Schumacher et 

al., 2016) ˁʰʽ ˍˇˎ ˉˊˇˍˏˉˇˎ ˍʹˌ ˔˖ˊʽˁʺˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ (Haralick et al., 1973)Φ ɮˎˍʺ ʹ 

˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ʰ˄ˍʰ˄ʰˁ˂ʱ ˃ʶʴʰ˂ˏˍʶˊʹ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ʶˍʶˊˇʴʷ˄ʶʽʰΦ  

ɶ ʵˇˊˎ˒ˇˊʽˁʺ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ˃ʰˌ ˉʶʽ ˉˇ˂˂ʱ ʴʽʰ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˁʰʽ 

ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˉʰˊʶ˃ʲʱˋʶ˖˄ ʵʽʰˍʺˊʹˋʹˌ ˋʶ ˉˇ˂˂ʰˉ˂ʷˌ ˔˖ˊʽˁʷˌ ˁʰʽ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ (Pettorelli et 

al., 2014b) (OΩConnor et al., 2015), ˖̀ ˍˈˋˇΣ ʹ ʵʶ˄ ʰˉˇˍʶ˂ʶʾ ˉʰ˄ʱˁʶʽʰ ˁʰʽ ˂ʾʴʰ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʶˉʽˍʶˎ˔ʻˇˏ˄ ˔˖ˊʾˌ ˃ʽʰ ʽˋ˔ˎˊʺ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇˎ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˂ˇʴʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΦ 
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ʁ˃ˇʾ˖ˌΣ ʹ ˉˊˈˋʲʰˋʹ ˋʶ ˋ˔ʶˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉʶʵʾˇˎ ʶʾ˄ʰʽ ˍˇ ˁ˂ʶʽʵʾ ʴʽʰ ˍʹ ˋ˖ˋˍʺ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹΣ 

ʰ˄ʱ˂ˎˋʹ ˁʰʽ ʶˉʽˁˏˊ˖ˋʹ ˍ˖˄ ʵˇˊˎ˒ˇˊʽˁ˗˄ ʶʽˁˈ˄˖˄Φ  

ʁ˃ˇʾ̟ ˌ ʹ ˔ˊʺˋʹ ʶʽˁˈ˄˖˄ ʰˉˈ ʁ˄hʷˊʽʰ ˋˎˋˍʺ˃ʰˍʰ (UAV) ˉʰˊʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍ̱́ ʰ ʴʽʰ ʰˁˈ˃ʹ ˉʽˇ 

˂ʶˉˍˇ˃ʶˊʺ ˁʰˍʰʴˊʰ˒ʺ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʶˉʽ˒ɦ ˄ʶʽʰˌ ʴʹˌ, ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ 

ˇʽˁˇ˂ˇʴʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄Φ ʆʰ UAV ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ʶˎʷ˂ʽˁˍʹ ˉʹʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˉˇ˂ˏ ˎ˕ʹ˂ʺˌ ˔˖ˊʽˁʺˌ 

ˁʰʽ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˁʰʽ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ ˃ʶ˂ʷˍʹ ˉˇ˂̠˂˄ ʁ̠ɻ̔ ˄ ̱́ ˌ ̝ ˂˖ˊʾʵʰˌ (aǸƭƭŜǊƻǾł Ŝǘ ŀƭΦ, 2021) 

ʰ˂˂ʱ ˁʰʽ ˍʹˌ ˉʰ˄ʾɻ ʰˌ όSeir 2021 Σ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍʹ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˃ʽˁˊˇ-ʰʽˋʻʹˍʺˊ˖˄ ˍʶ˂ʶˎˍʰʾʰˌ 

ˍʶ˔˄ˇ˂ˇʴʾʰˌ όˉΦ˔Φ wD.Σ ʻʶˊ˃ʽˁ˗˄Σ ˉˇ˂ˎ˒ʰˋ˃ʰˍʽˁ˗˄Σ [ƛ5!w ˁʰʽ ˎˉʶˊ˒ʰˋ˃ʰˍʽˁ˗˄ύ (Manfreda et al., 

2018, aǸƭƭŜǊƻǾł Ŝǘ ŀƭΦ, 2025). 

1.2 ʋˊʺˋʹ ̱ ˊʽˋʵʽʱˋˍʰˍ˖˄ ɻ ʶʵˇ˃ʷ˄˖˄ (˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄) ɹ ʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ̀ ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ 

ɶ ʰ˄ʱ˂ˎˋʹ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˉˇ˂˂ʰˉ˂ʷˌ ˉʹʴʷˌ ʰʽˋʻʹˍʺˊ˖˄ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ 

ˁˊʾˋʽ˃ʹ ʵʽʰʵʽˁʰˋʾʰ ʴʽʰ ˍʹ˄ ʰˁˊʽʲʺ ʶ˅ʰʴ˖ʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΦ ɳʾ˄ʰʽ 

ʴ˄˖ˋˍˈ ˈˍʽ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ ˁ˂ʽ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˇʽ ˇˉˇʾʶˌ ˁʰʻˇˊʾʸˇˎ˄ ˉˊ˖ˍʾˋˍ˖ˌ ˍʹ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ˋʶ ˃ʶʴʱ˂ʹ ˁ˂ʾ˃ʰˁʰ όʶˁˍʶˍʰ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌύΣ ˋʶ ˃ʽˁˊˈˍʶˊʶˌ ˁ˂ʾ˃ʰˁʶˌΣ ˊˈ˂ˇ ˋˍʹ˄ 

ˉˇʽˁʽ˂ˈˍʹˍʰ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʶʽʵ˗˄ ʷ˔ʶʽ ˁʰʽ ʹ ʵˇ˃ʺ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌΣ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ʶ˄ˍˈˌ 

˔ʶˊˋʰʾ˖˄ ˉʶˊʽˇ˔˗˄ ˉˇˎ ˁʰ˂ˏˉˍˇ˄ˍʰʽ ʰˉˈ ʵʰˋʽˁʱ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰ όZellweger et al., 2013a). 

ɳʽɻ̔ ˁˈˍʶˊʰ ˋˍʽˌ ʵʰˋʽˁʷˌ ˉʶˊʽˇ˔ʷˌΣ ʹ ʵˇ˃ʺΣ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˖ˌ ʷ˄ʰ ˍˊʽˋʵʽʱˋˍʰˍˇ ˋˏ˃ˉ˂ʶʴ˃ʰ ˍˇ 

ˇˉˇʾˇ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋʶ ʵˏˇ ˋˎ˄ʽˋˍ˗ˋʶˌΥ ˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ˁʰʽ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ʵˇ˃ʺ όFranklin 

and Van Pelt, 2004, McElhinny et alΦΣ нллрύΦ ɶ ˁʰˍʰˁˈˊˎ˒ʹ ʵˇ˃ʺ ˉʶˊʽʴˊʱ˒ʶʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ 

ˁʰˍʰˁˈˊˎ˒ˇˎ ˉˊˇ˒ʾ˂ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌΣ ʶ˄˗ ʹ ˇˊʽʸˈ˄ˍʽʰ ʵˇ˃ʺ ˉʶˊʽʴˊʱ˒ʶʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ 

ˁʰˍʱ ˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ʵʽʱˋˍʰˋʹ ˃ʽʰˌ ʵʰˋʽˁʺˌ ˉʶˊʽˇ˔ʺˌΦ ɶ ʵˇ˃ʺ ˍʹˌ ʲ˂ ʱˋˍʹˋʹˌ όˁʰʽ ʹ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʱ 

ˍʹˌύ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʶʽʵ˗˄ ˃ʶ ʵʽʱ˒ˇˊˇˎˌ ˍˊˈˉˇˎˌΥ ˍˊˇˉˇˉˇʽʶʾ ˍʽˌ 

˃ʽˁˊˇˁ˂ʽ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ˉʰˊʷ˔ʶʽ ʻʷˋʶʽˌ ʰ˄ʰˉʰˊʰʴ˖ʴʺˌΣ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˁʰʽ ˍʹ 

ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍ˖˄ ˉˈˊ˖˄ ˁʰʽ ˍ˖˄ ʻʷˋʶ˖˄ ˁʰʽ ˉʰˊʷ˔ʶʽ ˉˊˇˋˍʰˋʾʰ ʰˉˈ ˍʰ ʰˊˉʰˁˍʽˁʱ όBrokaw et al., 

1999, LaRue et al., 2019, MacArthur and MacArthur, 1961, Melin et alΦΣ нлмпύΦ ʂˍʰ˄ ˋʶ ʷ˄ʰ ʵʱˋˇˌ 

ˎˉʱˊ˔ʶʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʰˊʽʻ˃ˈˌ ˇʽˁˇ˂ˇʴʽˁ˗˄ ʻʷˋʶ˖˄ όnichesύ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇʽ ʵʽʰʻʷˋʽ˃ˇʽ ˉˈˊˇʽ 

όʵʹ˂ʰʵʺ ˃ʶʴʰ˂ˏˍʶˊʹ ʵˇ˃ʽˁʺ ˉˇʽˁʽ˂ˈˍʹˍʰ- structural diversityύΣ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈˍʶˊˇ ˄ʰ ˎˉʱˊ˔ʶʽ 

˃ʶʴʰ˂ˏˍʶˊʹ ˉˇʽˁʽ˂ˈˍʹˍʰ ʶʽʵ˗˄ ʰˉˈ ˈΣˍʽ ˋʶ ʷ˄ʰ ʵʱˋˇˌ ˃ʶ ˂ʽʴˈˍʶˊʰ ʰˉˈ ʰˎˍʱ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ όStein 

et alΦΣ нлмпύΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍʰ ʰ˄ˇ˃ʺ˂ʽˁʰΣ ˁʹˉʶˎˍʱ ʵʱˋʹ ˃ʶ ˃ʶʴʱ˂ʹ ˃ʾ˅ʹ ʶʽʵ˗˄Σ ˉʰˊʷ˔ˇˎ˄ 

ˉʶˊʽˋˋˈˍʶˊʰ ˃ʽˁˊˇʶ˄ʵʽʰʽˍʺ˃ʰˍʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ˇ˃ʺ˂ʽˁʰ ʵʱˋʹ όGilbert and Lechowicz, 2004, 

Savilaakso et alΦΣ нлнмύΦ ɳˉʽˉ˂ʷˇ˄Σ ʷ˔ʶʽ ʵʽʰˉʽˋˍ˖ʻʶʾ ˈˍʽ ʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍˇˎ ʰ˄ʱʴ˂ˎ˒ˇˎ όʵʹ˂ʰʵʺ ʹ 

ˍˇˉˇʴˊʰ˒ʾʰύ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ˉˇʽˁʽ˂ˈˍʹˍʰ ˍ˖˄ ʶʽʵ˗˄ ˋʶ ˍˇˉʽˁʺ ˁ˂ʾ˃ʰˁʰ όVogeler et al., 2014, Zhou et 

al., 2015). 

ʁʽ ˍˊʷ˔ˇˎˋʶˌ ˃ʷʻˇʵˇʽ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌΣ ˇʽ ˇˉˇʾʶˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˁʰʽ ˋˍʹˊʾʸˇ˄ˍʰʽ ˋʶ ʶ˄ʶˊʴˇˏˌ ˁʰʽ 

ˉʰʻʹˍʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌΣ ˉˊˇˋ˒ʷˊˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˇʽˁˇ˂ˇʴʾʰ ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ˍ˖˄ 

ʵʰˋ˗˄ ˋʶ ˃ʶʴʱ˂ʹ ˁ˂ʾ˃ʰˁʰ όTurner et al., 2003, Miura and JonesΣ нлмлΣ #lvarez-MartƝnez et al., 2018). 

ʁʽ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹ ʴʽʰ ˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ 

˃ˉˇˊˇˏ˄ ʴʶ˄ʽˁʱ ˄ʰ ʵʽʰ˔˖ˊʽˋˍˇˏ˄ ˋˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍ˖˄ ˇʽˁˇˍˈˉ˖˄ ˉˇˎ ˒ʽ˂ˇ˅ʶ˄ˇˏ˄ ˁʰʽ 

ˎˉˇˋˍʹˊʾʸˇˎ˄ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ ˁʰʽ ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ ɶ ˔ˊʺˋʹ 

ʵʶʵˇ˃ʷ˄˖˄ ˉʰʻʹˍʽˁ˗˄ ˇˉˍʽˁ˗˄ ʰʽˋʻʹˍʺˊ˖˄ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ 
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ʷ˔ʶʽ ˃ʶ˂ʶˍʹʻʶʾ ʶˁˍʶ˄˗ˌ ˍʽˌ ˍʶ˂ʶˎˍʰʾʶˌ ʵʶˁʰʶˍʾʶˌ ˁʰʽ ˉˊˇˋ˒ʷˊʶʽ ˋ˔ʶˍʽˁʱ ɻ ʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʹ˄ ˍʰ˅ʽ˄ˈ˃ʹˋʹ 

ˍˏˉ˖˄ ʲ˂ʱˋˍʹˋʹˌ ʺ ʴʽʰ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ˇˊʽʸˈ˄ˍʽʰˌ ʵˇ˃ʺˌ ˍˇˎ ˍˇˉʾˇˎ όTurner et alΦΣ нллоύΦ ʍˋˍˈˋˇΣ 

ʹ ˉˇʽˁʽ˂ˈˍʹˍʰ ˉˇ˂˂˗˄ taxa ʶ˅ʰˊˍʱˍʰʽ ʶˉʾˋʹˌ ʰˉˈ ˍʹ˄ ˁʰˍʰˁˈˊˎ˒ʹ ʵˇ˃ʺΣ ʹ ˇˉˇʾʰ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 

˃ʶˍˊʹʻʶʾ ʺ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ˃ʶ ʰˁˊʾʲʶʽʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˇˉˍʽˁˇˏˌ 

ʰʽˋʻʹˍʺˊʶˌ όVierling et al., 2008). ɾʽʰ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ ˅ʶˉʶˊʰˋˍˇˏ˄ ˍʷˍˇʽˇʽ 

ˉʶˊʽˇˊʽˋ˃ˇʾ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍʹˌ ˍʶ˔˄ʽˁʺˌ LiDAR (LIght Detection And RangingύΣ ʹ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍˈˋˇ ˍʹˌ ˇˊʽʸˈ˄ˍʽʰˌ ˈˋˇ ˁʰʽ ˍʹˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ʵˇ˃ʺˌ ˍʹˌ 

ʲ˂ʱˋˍʹˋʹˌ ˋʶ ˁ˂ʾ˃ʰˁʰ ˍˇˉʾˇˎ όBergen et al., 2009). ɶ ˍʶ˔˄ʽˁʺ LiDAR ʁ ʾ˄ʰʽ ˃ʽʰ ˍʶ˔˄ˇ˂ˇʴʾʰ ʶ˄ʶˊʴʹˍʽˁʺˌ 

ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌ όactive remote sensingύΦ ʍˌ ˍʷˍˇʽʰΣ ʵʶ˄ ʰˉʰʽˍʶʾ ʹ˂ʽʰˁʺ ʶ˄ʷˊʴʶʽʰ όʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰύ ʴʽʰ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ʰ˄ʰˁ˂˗˃ʶ˄ʹˌ  ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʰˉˈ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 

(Dubayah and Drake, 2000, Wehr and LohrΣ мфффύΦ ɮ˄ˍϥ ʰˎˍˇˏΣ ʷ˄ʰ ˈˊʴʰ˄ˇ LiDAR ʶˁˉʷ˃ˉʶʽ ˉʰ˂˃ʽˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ όˋˎ˄ʺʻ˖ˌ ˋˍˇ ʶʴʴˏˌ ˎˉʷˊˎʻˊˇ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌύΣ ʹ ˇˉˇʾʰ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˄ʰˁ˂ʱˍʰʽ ˉʾˋ˖ 

ʰˉˈ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˋˍˇ˄ ʰʽˋʻʹˍʺˊʰ ˍˇˎ ˇˊʴʱ˄ˇˎ LiDARΦ ʆʰ ˋˎˋˍʺ˃ʰˍʰ LiDAR ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ 

ʵʽʰˋˍʹ˃ʽˁʱΣ ʶ˄ʰʷˊʽʰ ʺ ʶˉʾʴʶʽʰΦ ɶ ʰʶˊˇ˃ʶˍʰ˒ʶˊˈ˃ʶ˄ʹ ˋʱˊ˖ˋʹ ˃ʶ ˂ʷʽʸʶˊ όAirborne laser scanning-

ALS- ̋  ʰʶˊˇ˃ʶˍʰ˒ʶˊˈ˃ʶ˄ˇ LiDARύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˔˄ʱ ˋˍʹ ˍˊʽˋʵʽʱˋˍʰˍʹ ʰˉˇˍˏˉ˖ˋʹ ˁʰʽ ʶˁˍʾ˃ʹˋʹ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄Σ ʶˉʶʽʵʺ ʰˎˍʺ ʹ ˉˊˇˋʷʴʴʽˋʹ ˃ˉˇˊʶʾ ˄ʰ ˁʰ˂ˏ˕ʶʽ ˃ʶʴʱ˂ʶˌ ʶˁˍʱˋʶʽˌΦ 

ɳˉʽˉ˂ʷˇ˄Σ ˍʷˍˇʽʰ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ʰ˂˂ʱ ˁʰʽ ˈˊʴʰ˄ʰ ˁʰˍʰʴˊʰ˒ʺˌ ʴʾ˄ˇ˄ˍʰʽ ˇ˂ˇʷ˄ʰ ˁʰʽ ˉʽˇ 

ʵʽʰʻʷˋʽ˃ʰ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁʱ ˉˊˇˋʽˍʱ όBakx et alΦΣ нлмфύΦ ɱʶ˄ʽˁˈˍʶˊʰΣ ʹ ˉʰ˂˃ʽˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ʶ˄ˈˌ ALS 

ʵʽʰˉʶˊ˄ʱ ʶ˄ ˃ʷˊʶʽ ˍʹ ʲ˂ʱˋˍʹˋʹΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ʷˍˋʽ ˍʹ ˃ʷˍˊʹˋʹ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ˍʹˌ ˁˈ˃ʹˌ ˍˇˎ 

ʰ˄˖ˊˈ˒ˇˎ ˁʰʽ ˍˇˎ ˎˉˇˊˈ˒ˇˎΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ LiDAR ˃ˉˇ́̌ ˏ˄ ˄ʰ ˁʰˍʰʴˊʰ˒ˇˏ˄ ʶʾˍʶ ˖ˌ ʵʽʰˁˊʽˍʷˌ 

ʶˉʽˋˍˊˇ˒ʷˌ όdiscrete returns - DRύΣ ʶʾˍʶ ˖ˌ ˉ˂ʺˊʶʽˌ ˁˎ˃ʰˍˇ˃ˇˊ˒ʷˌ όfull-waveform - FWύ ʶʾˍʶ ˖ˌ 

˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˒˖ˍˈ˄ʽʰ όsingle photonsύΦ ʅˍʰ ˋˎˋˍʺ˃ʰˍʰ DR-ALSΣ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʷ˄ʰˌ ˋˍʰʻʶˊˈˌ 

ʰˊʽʻ˃ˈˌ ʶˉʽˋˍˊˇ˒˗˄ ʴʽʰ ˁʱʻʶ ˉʰ˂˃ˈ LiDAR (Wagner et alΦΣ нллпύΦ ʆˇ ˋˏˋˍʹ˃ʰ FW-ALS ˁʰˍʰʴˊʱ˒ʶʽ 

ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʶˉʽˋˍˊʶ˒ˈ˃ʶ˄ʹˌ ˒˖ˍʶʽ˄ʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˋˎ˔˄ʱ ˉʶˊʽʷ˔ʶʽ ˉʶˊʽˋˋˈˍʶˊʶˌ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ DR-ALS όˉΦ˔Φ Adams et alΦΣ нлмнύΦ ʆʰ ˋˎˋˍʺ˃ʰˍʰ LiDAR ˃ʶ ʵʽʰˁˊʽˍʷˌ 

ʶˉʽˋˍˊˇ˒ʷˌ ʶʾ˄ʰʽ ʹ ˉʽˇ ˋˎ˔˄ʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʹ ˍʶ˔˄ʽˁʺ LiDARΦ ʁʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇˎ ˉˊˇˋ˒ʷˊˇ˄ˍʰʽ 

ʰˉˈ ˍˇ FW-ALS ̫ ˔ʶʽ ʵʽʰˉʽˋˍ˖ʻʶʾ ˈˍʽ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʶˌ ˋʶ ʵʰˋˇˁˇ˃ʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ 

ˋˍʹ˄ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ʶʽʵ˗˄Σ ˋˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ˍˊ˖˄ ˁʰʽ ˋˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʲʽˇ˒ˎˋʽˁ˗˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ όMaltamo et alΦΣ нлмпύΦ ʅˍʰ ˋˎˋˍʺ˃ʰˍʰ DR LiDARΣ ʰˉʰʽˍˇˏ˄ˍʰʽ ˉˇ˂˂ʱ όʶˁʰˍˇ˄ˍʱʵʶˌ ʺ 

˔ʽ˂ʽʱʵʶˌύ ˒˖ˍˈ˄ʽʰ ʴʽʰ ˍʹ˄ ʰ˅ʽˈˉʽˋˍʹ ʰ˄ʾ˔˄ʶˎˋʹ ʶ˄ˈˌ ˁʰʽ ˃ˈ˄ˇ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ ɴ˔ʶʽ ʰˉˇʵʶʽ˔ʻʶʾ ˈˍʽ ʶʾ˄ʰʽ 

ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˉʰˊʰʵˇˋʽʰˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎ ʵʱˋˇˎˌ όRŅty et alΦΣ нлннύΦ ʅˍʰ 

ˉʶˊʽˋˋˈˍʶˊʰ ˋˎˋˍʺ˃ʰˍʰ ALSΣ ʹ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʷ˖ˌ ˍˇ˄ ʰʽˋʻʹˍʺˊʰ ˃ˉˇˊʶʾ ˄ʰ 

ˎˉˇ˂ˇʴʽˋˍʶʾ ˃ʶ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ˃ʶˍʰ˅ˏ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˍˇˎ ˉʰ˂˃ˇˏ 

˂ʷʽʸʶˊ ˁʰʽ ˍʹˌ ˇˉʽˋʻˇˋˁʶʵʰʸˈ˃ʶ˄ʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ όecho) (Baltsavias, 1999, Wehr and LohrΣ мфффύΦ ʁʽ 

ˍˊʽˋʵʽʱˋˍʰˍʶˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˉʰˊʷ˔ˇ˄ˍʰʽ ʴʽʰ ˁʱʻʶ ʹ˔˗ ˃ʶ ˍʹ˄ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍʹˌ ˃ʷˍˊʹˋʹˌ ˍˇˎ 

˔ˊˈ˄ˇˎ ˁʰʽ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰ GPS-IMUΣ ˍˇ ˇˉˇʾˇ ˃ʶˍˊʱ ˍʹ˄ ʰˁˊʽʲʺ ʻʷˋʹ ˁʰʽ ˍˇ˄ 

ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈ ˍʹˌ ˉ˂ʰˍ˒ˈˊ˃ʰˌ ALS ɹ ʽʰ ˁʱʻʶ ˎˉˇʲʰ˂˂ˈ˃ʶ˄ˇ ˉʰ˂˃ˈ LiDARΦ ʅˍʹ˄ ʰ˄ʱ˂ˎˋʹ ALS ̄ ˇˎ 

ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʰ ʵʱˋʹΣ ˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ 

ˍˇˎ ʶʵʱ˒ˇˎˌΣ ʵʹ˂ʰʵʺ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˕ʹ˒ʽʰˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ʶʵʱ˒ˇˎˌ όDTMύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˍˇ ˏ˕ˇˌ 

ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ʷʵʰ˒ˇˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ όʴʶ˄ʽˁˈˍʶˊʰύ ˃ʶ ʰ˒ʰʾˊʶˋʹ ˍˇˎ DTM h ˉˈ ˍʽˌ ˍʽ˃ʷˌ 

˃ʷʴʽˋˍˇˎ ˎ˕ˇ˃ʷˍˊˇˎ ˈˉ˖ˌ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˁʰˍʰʴˊʰ˒ˈ˃ʶ˄ʹ ʰ˄ʱˁ˂ʰˋʹΦ 
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ʆʰ ʵʶʵˇ˃ʷ˄ʰ LiDAR ̄ ˊˇˋ˒ʷˊˇˎ˄ ˉˇ˂˂ʰˉ˂ʱ ˃ʷˍˊʰ ʴʽʰ ˍʹ˄ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ 

ʵˇ˃ʺˌ ˍ˖˄ ˇʽˁˇˍˈˉ˖˄ όBakx et al., 2019, Davies and Asner, 2014, Hill et alΦΣ нлмоύΦ ʅʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌΣ 

ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˋˍʰˍʽˋˍʽˁʱ ˃ʷˍˊʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˏ˕ˇˎˌ ʺκˁʰʽ ʷ˄ˍʰˋʹˌ ˍʹˌ ʰ˄ʱˁ˂ʰˋʹˌ ʶ˄ˈˌ 

LiDARΣ ˇʽ ˇˉˇʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˄ʵʶʻˇˏ˄ ˃ʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɮˎˍʱ ˍʰ ˃ʷˍˊʰ ˃ˉˇˊˇˏ˄ 

˄ʰ ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˔ˇ˄ʵˊʽˁʱ ˋʶ ˃ʷˍˊʰ ˏ˕ˇˎˌΣ ˉˎˁ˄ˈˍʹˍʰˌ ˁʰʽ ʷ˄ˍʰˋʹˌΦ ʆʰ ˃ʷˍˊʰ ˏ˕ˇˎˌ ˃ˉˇˊˇˏ˄ 

˄ʰ ʵʽʰ˔˖ˊʽˋˍˇˏ˄ ˉʶˊʰʽˍʷˊ˖ ˋʶ ˃ʷˍˊʰ ˁʰˍʰ˄ˇ˃ʺˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍʹ˄ ˁʶ˄ˍˊʽˁʺ ˍʱˋʹ όˉΦ˔Φ ˃ʷˋˇˌ 

ˈˊˇˌύΣ ˍˇ ˋ˔ʺ˃ʰ όˉΦ˔Φ ˂ˇ˅ˈˍʹˍʰύΣ ˍʹ ʵʽʰˋˉˇˊʱ όˉΦ˔Φ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹύ ˁʰʽ ˍʰ ʶˁʰˍˇˋˍʹ˃ˈˊʽʰ ˍʹˌ 

ˁʰˍʰ˄ˇ˃ʺˌ ˏ˕ˇˎˌ ʵʶʵˇ˃ʷ˄˖˄ LiDARΦ ʆʰ ˃ʷˍˊʰ ˉˎˁ˄ˈˍʹˍʰˌ ˎˉˇ˂ˇʴʾʸˇˎ˄ ˍˇ ˉˇˋˇˋˍˈ ˍ˖˄ ʶˉʽˋˍˊˇ˒˗˄ 

ˋˍˇˎˌ ʶˉʽ˃ʷˊˇˎˌ ˇˊˈ˒ˇˎˌ ˍʹˌ ˁˈ˃ʹˌ ʺ ˉʱ˄˖κˁʱˍ˖ ʰˉˈ ʷ˄ʰ ˇˊʽˋ˃ʷ˄ˇ ˈˊʽˇ ˏ˕ˇˎˌΦ ʆʰ ˃ʷˍˊʰ ʷ˄ˍʰˋʹˌ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍˇ ˉ˂ʱˍˇˌ ʶ˄ˈˌ ˇˉʽˋʻˇˋˁʶʵʰʸˈ˃ʶ˄ˇˎ ˉʰ˂˃ˇˏ όbackscattered ALS echo or pulse) 

ALS ˁʰʽ ʶ˅ʰˊˍ˗˄ˍʰʽΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰˉˈ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˁʰʽ ˍʹ˄ ʰ˄ʱˁ˂ʰˋʹ ʶ˄ˈˌ ˋˍˈ˔ˇˎ όˁˎˊʾ˖ˌ ˋˍʰ 

ˋˎˋˍʺ˃ʰˍʰ LiDAR ̀ ˎ˄ʶ˔ˇˏˌ ˁˎ˃ʰˍˇ˃ˇˊ˒ʺˌύΦ ʆʰ ˃ʷˍˊʰ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˉˈ ʷ˄ʰ ˋˏˋˍʹ˃ʰ FW-ALS 

ʶʾ˄h̔ ˖ˌ ʶˉʾ ˍˇ ˉ˂ʶʾˋˍ˖˄ ˉʰˊˈ˃ˇʽʰ ˃ʶ ʰˎˍʱ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʴʽʰ ʷ˄ʰ ˋˏˋˍʹ˃ʰ LiDAR ʵʽʰˁˊʽˍ˗˄ 

ʶˉʽˋˍˊˇ˒˗˄Φ  

1.2.1 ʋ́ ʺ̀ʹ ʶˉʾɹʶʽ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ LiDAR ɹʽʰ ˍʹ ˋˎ˂˂ˇʴʺ ˉ˂́ ˊˇ˒ˇˊʽ˗˄ ʴʽʰ ʴʽʰ ʶ˅ʰʴ˖ʴʺ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ 

ɶ ˔ˊʺˋʹ ˍ˖˄ ʶˉʾʴʶʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄ LiDAR ʷ˔ʶʽ ˒ʷˊʶʽ ʶˉʰ˄ʱˋˍʰˋʹ ˋˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ ˋˎ˂˂ˇʴʺ ˂ʶˉˍˇ˃ʶˊ˗˄ ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʹ ʵˇ˃ʺ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ ˁʰʽ ˍˇˎ 

˒ˎˋʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ ʁʽ ʰʽˋʻʹˍʺˊʶˌ ˈˉ˖ˌ ˍˇ ʶˉʾʴʶʽˇ Simultaneous Localization and Mapping ς 

SLAM ˁʰʽ ˍˇ Terrestrial Laser Scanning ς TLSΣ ʷ˔ˇˎ˄ ˁʰˍʰˋˍʶʾ ˁˊʾˋʽ˃ʰ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˃ʁ  

ʰˁˊʾʲʶʽʰ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ ˈˉ˖ˌ ʹ ʵˇ˃ʺ ˍˇˎ ʵʱˋˇˎˌΣ ʹ ˁʰˍʰ˄ˇ˃ʺ 

ˍ˖˄ ʶʽʵ˗˄ ˁʰʽ ʹ ʵˎ˄ʰ˃ʽˁʺ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˋˎˋˍʹ˃ʱˍ˖˄ TLS ʹ ʵˇ˃ʺ ˍˈˋˇ 

ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ ˈˋˇ ˁʰʽ ˍˇˎ ʶʵʱ˒ˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍˊʹʻʶʾ ʰˎˍˈ˃ʰˍʰ ˃ʷˋ˖ ˃ʰʸʽˁ˗˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ 

XYZ ̀ ʶ ˍˊʽˋʵʽʱˋˍʰˍˇ ˔˗ˊˇ όLiang et. Al.,2016, Ritter et.alΦΣнлмтύΦ ɴ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍˇˎ TLS 

ʰˉˇˍʶ˂ʶʾ ʹ ʴˊʺʴˇˊʹΣ ʰˎˍˈ˃ʰˍʹ ˁʰʽ ˂ʶˉˍˇ˃ʶˊʺˌ ˁʰˍʰʴˊʰ˒ʺ ˍʹˌ ʵˇ˃ʺˌ ˍˇˎ ʵʱˋˇˎˌ όHolopainen 

et.alΦΣнлмоύΦ ɳˉʶʽʵʺ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ TLS ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˄ʷʰ ˉˊˈˍˎˉʰ ˁʰʽ ˉˊ˖ˍˈˁˇ˂˂ʰΣ ʶˉʹˊʶʱʸʶʽ 

ˋˍʰʵʽʰˁʱ ˍʹ˄ ˉʰˊʰʵˇˋʽʰˁʺ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˋˍˇ˄ ˍˊˈˉˇ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʵʰˋʽˁʺˌ 

ʵˇ˃ʺˌΦ ʁʽ ˉˊ˗ˍʶˌ ˃ʶ˂ʷˍʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ TLS ˋʶ h̄ ˇʴˊʰ˒ʷˌ ˔ʶˊ̀h ʾ˖˄ 

ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ʰˉˇˁʱ˂ˎ˕ʰ˄ ˍʽˌ ˃ʶʴʱ˂ʶˌ ʵˎ˄ʰˍˈˍʹˍʷˌ ˍˇˎ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʰˁˊʽʲ˗˄ ˃ʶˍˊʺˋʶ˖˄ 

ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ˍˊ˖˄ όLiang et. AlΦΣнлмсύΣ ʰ˂˂ʱ ʰˉʰʽˍʶʾˍʰʽ ʰˁˈ˃ʹ ˃ʶʴʱ˂ʹ 

ˉˊˇˋˉʱʻʶʽʰ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ TLSΦ ʃˊˈˋ˒ʰˍʶˌ ˃ʶ˂ʷˍʶˌ ʷ˔ˇˎ˄ ʶˊʶˎ˄ʺˋʶʽ ˁʰʽ ˉˊˇˍʶʾ˄ʶʽ 

ʵʽʱ˒ˇˊʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʴʽʰ ˍʹ˄ ʰˎˍˈ˃ʰˍʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ ʻʷˋʶ˖˄ ˍ˖˄ ʵʷ˄ʵˊ˖˄ ʵʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁ˗˄ 

ʶˉʽ˒ʰ˄ʶʽ˗˄Σ ˇʽ ˇˉˇʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˍʰ˅ʽ˄ˇ˃ʹʻˇˏ˄ ˋʶ ʰ˂ʴˇˊʾʻ˃ˇˎˌ  ˋˎˋˍʱʵ˖˄ όcluster algorithmsύ ˁʰʽ 

ˋʶ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ˉˊˇˋʰˊ˃ˇʴʺˌ ˁˏˁ˂˖˄ όcircle fitting algorithms), ɹ ʽʰ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ ˁˇˊ˃˗˄ ˍ˖˄ 

ʵʷ˄ʵˊ˖˄ όOlofsson et.al.,2014). Ē ʾˋʹˌΣ ˉʰˊˈ˃ˇʽˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʰˎˍˈ˃ʰˍʹ 

˃ʷˍˊʹˋʹ ˍʹˌ ˋˍʹʻʽʰʾʰˌ ʵʽʰ˃ʷˍˊˇˎ όDBHύΣ ˍˇˎ ˏ˕ˇˎˌ ʵʷ˄ʵˊˇˎ όtree heightύ ˁʰʽ ʱ˂˂˖˄ ˋ˔ʶˍʽˁ˗˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ 

ɶ ˔ˊʺˋʹ TLS ʰʽˋʻʹˍʺˊ˖˄ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˋˍˇ ˉʶʵʾˇ ʷ˒ʶˊʶ ʶˉʰ˄ʱˋˍʰˋʹ 

ˋˍˇ˄ ˍˊˈˉˇ ˋˎ˂˂ˇʴʺˌ ˁʰʽ ˋˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ʰˉˇˍʶ˂ʶʾ ˋˎ˔˄ʱ ˔ˊˇ˄ˇʲˈˊʰ 

ʵʽʰʵʽˁʰˋʾʰ ˁʰʽ ˇˊʽˋ˃ʷ˄ʶˌ ˒ˇˊʷˌ ˃ʶ ʶ˂˂ʽˉʺ ʰˉˈˁˍʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˂ˈʴ˖ ˍʹˌ ˋˍʰˍʽˁʺˌ ʻʷˋʹˌ ˍˇˎ 

ʰʽˋʻʹˍʺˊʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋʱˊ˖ˋʹˌΦ ɱʽʰ ˍʹ˄ ˉʶˊʰʽˍʷˊ˖ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ 



 

20 
 

ˋˍʹ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ˋˎˋˍʹ˃ʱˍ˖˄ ˋʱˊ˖ˋʹˌ laserΣ ʹ ˔ˊʺˋʹ ˁʽ˄ʹˍ˗˄ ʶˉʾʴʶʽ˖˄ 

ˋʰˊ˖ˍ˗˄ ˃ʶ ʶ˄ʶˊʴʹˍʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌ LiDAR ˉˇˎ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˋˏʴ˔ˊˇ˄ʶˌ ˃ʶʻˈʵˇˎˌ ʆʰˎˍˈ˔ˊˇ˄ʹˌ 

ɮ˄ʾ˔˄ʶˎˋʹˌ ˁʰʽ ɲʹ˃ʽˇˎˊʴʾʰˌ ʋʱˊˍʹ όSimultaneous Localization and Mapping - SLAMύ ʷ˔ˇˎ˄ ʰˊ˔ʾˋʶʽ 

˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ʵʰˋʽˁʱ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰΣ ˂ˈʴ˖ ˍʹˌ ʽˁʰ˄ˈˍʹˍʱˌ ˄ʰ ˃ʶˍˊʱ ˉˇ˂ˏˉ˂ˇˁʶˌ ʵʰˋʽˁʷˌ 

ˉʶˊʽˇ˔ʷˌ ˋʶ ˋˏ˄ˍˇ˃ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ όCollob et.al.,2020, Liang et. Al.,2016, Maltamo et.al.,2011, 

Chen et.alΦΣнлмфύΦ ɾʶ ˍˇ TLSΣ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʰˉ˂ʷˌ ʻʷˋʶʽˌ ˋʱˊ˖ˋʹˌ όʵʹ˂ʰʵʺΣ 

˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˋʰˊ˗ˋʶ˖˄ύ ˃ʶ ˍʶ˔˄ʹˍˇˏˌ ˋˍˈ˔ˇˎˌ ʴʽʰ ˎ˕ʹ˂ʱ ˉˇˋˇˋˍʱ ʰ˄ʾ˔˄ʶˎˋʹˌ ˁʰʽ 

˔ʰ˃ʹ˂ʱ ˋ˒ʱ˂˃ʰˍʰ DBH - ʰˁˈ˃ʹ ˁʰʽ ˍˈˍʶΣ ˎˉʱˊ˔ˇˎ˄ ˉʱ˄ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˋˁʾʰˋʹˌ ˁʰʽ ˃ʹ ʰ˄ʽ˔˄ʶˏˋʶʽˌΦ 

ʍˋˍˈˋˇΣ ˇʽ ˁʽ˄ʹˍˇʾ ʰʽˋʻʹˍʺˊʶˌ SLAM ˉˊˇˋ˒ʷˊˇˎ˄ ʷ˄ʰ ʽˋ˔ˎˊˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍˇˎ 

ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˍʹˌ ʰˉˈˁˊˎ˕ʹˌ ʵʷ˄ˍˊ˖˄ ˁʰʽ ˍʹˌ ʰʵˎ˄ʰ˃ʾʰˌ ˃ʶˍʰˁʾ˄ʹˋʹˌΦ ɮˎˍˈ ˃ʶʽ˗˄ʶʽ ˍˇ˄ 

ʰˉʰʽˍˇˏ˃ʶ˄ˇ ˔ˊˈ˄ˇ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ʶˊʴʰˋʾʰˌΦ ɴˊʶˎ˄ʶˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˈˍʽ ʶ˄ˍˈˌ ʾˋˇˎ ˔ˊˇ˄ʽˁˇˏ 

ˉ˂ʰʽˋʾˇˎΣ ʹ ˉʶˊʽˇ˔ʺ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʵʽʁ ˊʶˎ˄ʹʻʶʾ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ MLS ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʹ 

ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˉˇˎ ʵʽʶˊʶˎ˄ʱˍʰʽ ˃ʶ ˍˇ TLS (Liang et. Al.,2016). 

ɼʰʻ˗ˌ ˇʽ ʰʽˋʻʹˍʺˊʶˌ LiDAR ˃ʽʰ ˋʹ˃ʶʾʰ ʵʽʰˁˊʽˍ˗˄ ʶˉʽˋˍˊˇ˒˗˄ όdiscrete returnsύ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˉʰˊʷ˔ˇˎ˄ ʰˊˁʶˍʷˌ ʶˉʽˋˍˊˇ˒ʷˌ ˋʺ˃ʰˍˇˌ ʰ˄ʱ ˉʰ˂˃ˈ ˁʰʽ ʰˊˁʶˍʱ ˋʹ˃ʶʾʰ ʰ˄ʱ ˍʶˍˊʰʴ˖˄ʽˁˈ ˃ʷˍˊˇΣ ʹ 

ˁʰˍʰˁˈˊˎ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʶˉʽˋˍˊˇ˒˗˄ LiDAR ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˔˄ʱ ʴʽʰ ˍˇ˄ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍˇˎ 

ˁʰˍʰˁˈˊˎ˒ˇˎ ˉˊˇ˒ʾ˂ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌΣ ˍˇ ˇˉˇʾˇ ˉˊˇˋ˒ʷˊʶʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ 

ʵˇ˃ʺ ˍˇˎ ˎˉˇˊˈ˒ˇˎ ˍˇˎ ʵʱˋˇˎˌ ˁʰʽΣ ˖ˌ ʶˁ ˍˇˏˍˇˎΣ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ˇ ʴʽʰ ˍʹ˄ ˉˊˈʲ˂ʶ˕ʹ 

ˍˇˉʽˁ˗˄ ˉˊˇˍˏˉ˖˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ όCarrasco et.alΦΣнлмфύΦ ɾʶ ˍʽˌ ˄ʷʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˍ˖˄ ˇˊʴʱ˄˖˄ 

LiDAR ɹ ʽʰ ˍˇ˄ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍ˖˄ ˁʰˍʰˁˈˊˎ˒˖˄ ˉˊˇ˒ʾ˂Σ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ʵˇ˃ʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˋʶ 

˃ʽʰ ʵʰˋʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˉˇˎ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʹ˄ ʶˍʶˊˇʴʷ˄ʶʽʰΣ ˈˉ˖ˌ ˃ʶˍˊˇˏ˄ˍʰʽ ʰˉˈ ʵˇ˃ʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌΥ  

ˏ˕ˇˌΣ ʵʽʱ˃ʶˍˊˇˌ ˁˇˊ˃ˇˏ ˁʰʽ ʵʽʱ˃ʶˍˊˇˌ ˁˈ˃ʹˌΦ ɳˉʾˋʹˌΣ ʵˇ˃ʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˉˇˎ ʶ˅ʱʴˇ˄ˍʰʽ ʰˉˈ 

ʵʶʵˇ˃ʷ˄ʰ ʶˉʾʴʶʽʰˌ ˋʱˊ˖ˋʹˌ όTLSύ ʴʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ ʵʰˋ˗˄Σ 

ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˃ʶˍˊʽˁ˗˄ ˈˉ˖ˌ ˍˇ ˏ˕ˇˌ ʵʷ˄ˍˊˇˎ όTHύΣ ʹ ʵʽʱ˃ʶˍˊˇˌ ˋˍˇ ˏ˕ˇˌ ˍˇˎ 

ˋˍʺʻˇˎˌ όDBHύΣ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˁˈ˃ʹˌΣ ˇ ˈʴˁˇˌ ˍˇˎ ˁˇˊ˃ˇˏ ˁʰʽ ʹ ʵˇ˃ʺ ˍˇˎ ʻˈ˂ˇˎΦ ʁʽ 

˃ʶˍʰʲ˂ʹˍʷˌ ʰˎˍʷˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˈʴˁˇˎ ˁʰʽ ˍʹˌ ʲʽˇ˃ʱʸʰˌ ˍ˖˄ ʵʷ˄ˍˊ˖˄Σ ˇʽ 

ˇˉˇʾʶˌ ʶʾ˄ʰʽ ʸ˖ˍʽˁʺˌ ˋʹ˃ʰˋʾʰˌ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ʵʰˋ˗˄ ˁʰʽ ˍʽˌ ˇʽˁˇ˂ˇʴʽˁʷˌ ˃ʶ˂ʷˍʶˌ όPanagiotidis 

et.al.,2021). 
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2. ɼɮʆɳʇɸʇɿʆɶʄɹɳʅ ɱʄɮɾɾɳʅ ɱɹɮ ʆɶɿ ɮʃʁɼʆɶʅɶ, ɲɹɮʋɳɹʄɹʅɶ ɼɮɹ ɳʃɳʀɳʄɱɮʅɹɮ ɲɳɲʁɾɳɿʍɿ 

ɮʃʁ ɾɶ ɳʃɮɿɲʄʍɾɳɿɮ ʁʋɶɾɮʆɮ (UAV) 

2.1 ɳ˅ˇˉ˂ʽˋ˃ˈˌ ˁʰʽ ʅ˔ʶʵʽʰˋ˃ˈˌ ʰˉˇˋˍˇ˂ʺˌ 

ɶ ʶ˄ʰʷˊʽʰ ʰˉˇˍˏˉ˖ˋʹ ˃ʶ UAV (Unmanned Air Vehicle ̋  Unoccupied Air Vehicle) ̋  ʅ˃ʹɳɮ όʅˎˋˍʺ˃ʰˍʰ 

˃ʹ ɳˉʰ˄ʵˊ˖˃ʷ˄˖˄ ɮʶˊˇˋˁʰ˒˗˄ύ ˈˉ˖ˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍʱ ˋˍʰ ʶ˂˂ʹ˄ʽˁʱ, ˉʷˊʰ ʰˉˈ ˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˍʹˌ 

˃ˉˇˊʶʾ ˄ʰ ʴʶ˄˄ʺˋʶʽ ˉˇ˂˂ʱ ʶˊ˖ˍʺ˃ʰˍʰ ˁʰʽ ˉ́ ˇˁ˂ʺˋʶʽˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰ˅̔ ˇˉˇʾʹˋʺˌ ˍʹΦ̩ ʆʰ ʶˊ˖ˍʺ˃ʰˍʰ 

ʰˎˍʱ ˅ʶˁʽ˄ʱ˄ʶ ʰˉˈ ˍˇ ˁʰʻʰˊʱ ˉˍʹˍʽˁˈ ˁˇ˃˃ʱˍʽ ˁʰʽ ˁʰˍʰ˂ʺʴˇˎ˄ ˋˍˇ ˁˇ˃˃ʱˍʽ ˍʹˌ ˋˎ˂˂ˇʴʺˌ 

ʵʶʵˇ˃ʷ˄˖˄Φ ʇˉʱˊ˔ˇˎ˄ ˉˇ˂˂ˇʾ ˍˏˉˇʽ ˃ʹ ʶˉʰ˄ʵˊ˖˃ʷ˄˖˄ ʰʶˊˇˋˁʰ˒˗˄ ˋˍˇ ʶ˃ˉˈˊʽˇΣ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇʽ 

ʴʽʰ ʵʽʱ˒ˇˊʶˌ ʰ˄ʱʴˁʶˌ ˉˇ˂˂˗˄ ʶˉʰʴʴʶ˂˃ʰˍʽˁ˗˄ ˁ˂ʱʵ˖˄ ʴʽʰ ˉˇ˂˂ʷˌ ˁʰʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ όˉ˔ 

ˁʽ˄ʹ˃ʰˍˇʴˊʱ˒ˇˌΣ ʰˋ˒ʱ˂ʶʽʰ ˋˎ˄ˈˊ˖˄Σ ˔ʰˊˍˇʴˊʱ˒ʹˋʹΣ ʰʴˊˇˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˁ˂ˉΦ).  

ʅˎ˄ʶˉ˗ˌ, ˍˇ ˉˊ˗ˍˇ ˉˊʱʴ˃ʰ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʰˉʰˋ˔ˇ˂ʺˋʶʽ ˁʱˉˇʽˇ˄ ˉˇˎ ʻʷ˂ʶʽ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽ 

ˍʷˍˇʽʶˌ ʶˊʴʰˋʾʶˌ ʶʾ˄ʰʽ ˉˇʽˇ ʰˁˊʽʲ˗ˌ ˉˊˈʲ˂ʹ˃ʰ ˁ˂ʺʻʹˁʶ ˄ʰ ʶˉʽ˂ˏˋʶʽΦ ɮˎˍˈ ˍˇ ˋˍʱʵʽˇ ʰ˄ ˁʰʽ ˃ˇʽʱʸʶʽ 

ʰˎˍˇ˄ˈʹˍˇ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁˈ ˁʰʻ˗ˌ ʰ˄ ʵʶ˄ ʵˇʻʶʾ ʹ ʰˉʰˊʰʾˍʹˍʹ ʲʰˊˏˍʹˍʰ ˃ˉˇˊʶʾ ˄ʰ 

ˇʵʹʴʺˋʶʽ ˋʶ ʶˉʽ˂ˇʴʺ ˂ʰ˄ʻʰˋ˃ʷ˄ˇˎ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˁʰʽ ˄ʰ ʰˉˇʲʶʾ ˃ˇʽˊʰʾˇ ʴʽʰ ˍʽˌ ʶˊʴʰˋʾʶˌΦ 

ʆˇ ʵʶˏˍʶˊˇ ˋˍʱʵʽˇ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˍˇ ʶʾʵˇˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ˋˎ˂˂ʷ˅ʶʽ 

ˁʱˉˇʽˇˌ ʴʽʰ ˍʽˌ ʶˊʴʰˋʾʶˌ ˍˇˎΦ ʅˍʰ UAV ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋʰˊ˃ˇˋˍˇˏ˄ ʵʽʱ˒ˇˊʰ ˒ˇˊˍʾʰ όpayloads) ˁ ʰʽ 

˃ʶ ˋ˖ˋˍˈ ˔ʶʽˊʽˋ˃ˈ ˄ʰ ʶˉʽˋˍˊʷ˕ˇˎ˄ ˋˍˇ˄ ˔ˊʺˋˍʹ ˍʰ ʶˉʽʻˎ˃ʹˍʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ʆʰ ˒ˇˊˍʾʰ ʰˎˍʱ 

˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˁʱ˃ʶˊʶˌ ʺ ʲʽ˄ˍʶˇˁʱ˃ʶˊʶˌ RGB ʴʽʰ ˒˖ˍˇʴˊʱ˒ʹˋʹΣ ˃ʶʴʱ˒˖˄ʰ ʴʽʰ 

ʰˋˍˎ˄ˇ˃ʽˁʷˌκˋˍˊʰˍʽ˖ˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ʻʶˊ˃ʽˁʷˌ ˁʱ˃ʶˊʶˌΣ ʰʽˋʻʹˍʺˊʶˌ LiDAR (Light Detection And 

Ranging)Σ ˋˎˋˍʺ˃ʰˍʰ ˁʰˍʱ˂˂ʹ˂ʰ ʴʽʰ ˃ʶˍʰ˒ˇˊʱ ˉˊˇʿˈ˄ˍ˖˄ ˁ˂ˉΦ 

ɾʶˍʱ ʰˉˈ ʶ˄ʵʶ˂ʶ˔ʺ ˃ʶ˂ʷˍʹ ˍ˖˄ ʰ˄ʰʴˁ˗˄ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ ˁˈˋˍˇˌ ˍˇˎ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʶˉʽ˂ʶʴˇˏ˄ ɻ ʽʰ˒ˇˊʶˍʽˁʱ ˉˍʹˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʴʽʰ ˍʽˌ ʶˊʴʰˋʾʶˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋʶ ʵʰˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ 

ˁʰʽ ˃ʱ˂ʽˋˍʰ ˋʶ ʰˊˁʶˍʱ ʷ˄ˍˇ˄ˇ ʰ˄ʱʴ˂ˎ˒ˇ όˉ˔ ʃʾ˄ʵˇˎ), ʴʽʰ ʰˁˊʽʲʶʾˌ ˍˊʽˋʵʽʱˋˍʰˍʶˌ όо5ύ ʴʶ˖˔˖ˊʽˁʷˌ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ʵˏˇ όнύ ˍʶˍˊʰˁˈˉˍʶˊʰ ˃ʶ ˒ˇˊˍʾʰ ˃ʾʰ RGB ˁʱ˃ʶˊʰ ˃ʶ ˃ʹ˔ʰ˄ʽˁˈ 

ˁ˂ʶʾˋˍˊˇ ˁʰʽ ʷ˄ʰ LiDAR ̀ ˏˋˍʹ˃ʰ ʴʽʰ ˂ʺ˕ʹ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄Φ 

ʁʽ ˂ˈʴˇʽ ˉˇˎ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˍʶˍˊʰˁˈˉˍʶˊʰ ˁʰʽ ˈ˔ʽ ˋˎˋˍʺ˃ʰˍʰ ˋˍʰʻʶˊʺˌ ˉˍʷˊˎʴʰˌ όFixed Wing) ʶʾ˄ʰʽ 

ˉˇ˂˂ˇʾΦ ɶ ʵˎ˄ʰˍˈˍʹˍʰ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʰˎˍ˗˄ ˄ʰ ʰˉˇʴʶʽ˗˄ˇ˄ˍʰʽ ˁʰʽ ˄ʰ ˉˊˇˋʴʶʽ˗˄ˇ˄ˍʰʽ ˁʱʻʶˍʰΣ 

˔˖ˊʾˌ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ʰʶˊˇʵʽʰʵˊˈ˃ˇˎˌ ʁ ʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˉˇ˂ˏˍʽ˃ʹ ʴʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˉˍʹˍʽˁ˗˄ 

ʶˊʴʰˋʽ˗˄ ˋʶ ˉˇ˂˂ʷˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ʶ˄ˈˌ ʵʱˋˇˎˌΦ ɮˁˈ˃ʹΣ ˇ ˍˊˈˉˇˌ ˉˇˎ ˍʰ 

ˍʶˍˊʰˁˈˉˍʶˊʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʶˊʵʾʸˇˎ˄ ʺ ˄ʰ ˔ʱ˄ˇˎ˄ ˎ˕ˈ˃ʶˍˊˇ ʶˏˁˇ˂ʰ ˍʰ ˁʰʻʽˋˍʱ ˍʹ˄ ʰˋ˒ʰ˂ʷˋˍʶˊʹ 

ʶˉʽ˂ˇʴʺ ʴʽʰ ˉʶˊʽˇ˔ʷˌ ˃ʶ ʷ˄ˍˇ˄ʰ ʰ˄ʱʴ˂ˎ˒ʰΦ ɴ˄ʰ ˋˁʱ˒ˇˌ ˋˍʰʻʶˊʺˌ ˉˍʷˊˎʴʰˌΣ ˉˇˎ ʰ˄ˍʾˋˍˇʽ˔ʰ ˁʶˊʵʾʸʶʽ 

ʺ ˔ʱ˄ʶʽ ˎ˕ˈ˃ʶˍˊˇ ˉˊˇˇʵʶˎˍʽˁʱΣ ˋʶ ʷ˄ʰ ʷ˄ˍˇ˄ˇ ʰ˄ʱʴ˂ˎ˒ˇ ˁʽ˄ʵˎ˄ʶˏʶʽ ˄ʰ ˃ʹ˄ ˉˊˇ˂ʱʲʶʽ ˄ʰ 

ʰ˄ˍʰˉˇˁˊʽʻʶʾ ˋˍʽˌ ˋˎ˄ʻʺˁʶˌ ʷʴˁʰʽˊʰ ˁʰʽ ˄ʰ ˋˎʴˁˊˇˎˋʻʶʾΦ ʊˎˋʽˁʱ ʰˎˍˈˌ ˇ ˁʾ˄ʵˎ˄ˇˌ ˃ˉˇˊʶʾ ˄ʰ 

ʰˉˇ˒ʶˎ˔ʻʶʾ ˄ʰ ʶˉʽ˂ʶʴʶʾ ˃ʶʴʱ˂ˇ ˏ˕ˇˌ ˉˍʺˋʹˌΦ ɲˎˋˍˎ˔˗ˌ ˈ˃˖ˌ ˈˋˇ ˃ʶʴʰ˂ˏˍʶˊˇ ʶʾ˄ʰʽ ˍˇ ˏ˕ˇˌ 

ˉˍʺˋʹˌΣ ˍˈˋˇ ˔ʶʽˊˈˍʶˊʹ ʶʾ˄ʰʽ ʹ ˉˇʽˈˍʹˍʰ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˋˎ˂˂ʶ˔ʻʷ˄ˍ˖˄ ʴʶ˖˔˖ˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʅ˔ʶˍʽˁʱ ˃ʶ ˍʰ ˒ˇˊˍʾʰ όpayloads)Σ ˇ ˂ˈʴˇˌ ˉˇˎ ʶˉʽ˂ʷʴʶˍʰʽ ʹ ˁʱ˃ʶˊʰ RGB ˁʰʽ ˍˇ ˋˏˋˍʹ˃ʰ LiDAR ʶʾ˄ʰʽ 

ˁʰʻʰˊʱ ʴʽʰ ˍʹ˄ ʰˉˈˁˍʹˋʹ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˃ʶ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʵˎ˄ʰˍʺ ˍʰ˔ˏˍʹˍʰ ˁʰʽ 

ʰˁˊʾʲʶʽʰΦ ɶ ˍʶ˔˄ˇ˂ˇʴʾʰ ˍʹˌ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʽˁʺˌ ʰˉˇˍˏˉ˖ˋʹˌ ˁʰʽ ˉʰˊʰʴ˖ʴʺˌ ˍˊʽˋʵʽʱˋˍʰˍˇˎ ˄ʷ˒ˇˎˌ 

ˋʹ˃ʶʾ˖˄ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ ˂ʺ˕ʹ ʵʶʵˇ˃ʷ˄˖˄ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ LiDAR ʽˁʰ˄˗˄ ˄ʰ ʵʽʰˉʶˊʱˋˇˎ˄ ˍʹ˄ 
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ˁˈ˃ʹ ˍ˖˄ ʵʷ˄ʵˊ˖˄ ˁʰʽ ˄ʰ ˒ˍʱˋˇˎ˄ ˄ʰ ˉʱˊˇˎ˄ ˋʹ˃ʶʾʰ ˃ʷ˔ˊʽ ˍˇ ˋʹ˃ʶʾˇ ˍˇˎ ʶʵʱ˒ˇˎˌ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ 

ˍʶ˂ʽˁˈ ʶˉʽʻˎ˃ʹˍˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ʴʽʰ ̱ ʽˌ ʶ˄ʰʷˊʽʶˌ ʶˊʴʰˋʾʶˌ. 

ʆʰ ̀ˁʱ˒́ ̀ ˍʰʻʶˊʺˌ ˉˍʷˊˎʴʰˌ ˃ʶ ˂ʶʽˍˇˎˊʴʾʰ VTOL (Vertical Take Off Landing), h ˉˇʴʶʽ˗˄ˇ˄ˍʰʽ ˁ ʱʻʶˍʰ 

˃ʷ˔ˊʽ ʷ˄ʰ ˋʹ˃ʶʾˇ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˁˍʶ˂ˇˏ˄ ˁˎˁ˂ʽˁʷˌ ˁʽ˄ʺˋʶʽˌ ʴʽʰ ˄ʰ ˉʱˊʶʽ ˎ˕ˈ˃ʶˍˊˇΦ ʅˍʹ˄ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΣ ˔ˊʶʽʱʸʶˍʰʽ ʰˊˁʶˍˈ ˔˗ˊˇ ˁʰʽ ʴʽʰ ˍʹ˄ ʰˉˇʴʶʾ˖ˋʹ ˁʰʽ ʴʽʰ ˍʹ˄ ˉˊˇˋʴʶʾ˖ˋʹΦ ʍˋˍˈˋˇ 

ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˎ ˄ʰ ˁʰ˂ˏ˕ˇˎ˄ ˃ʶʴʱ˂ʶˌ ʶˁˍʱˋʶʽˌ ˋʶ ˋˏ˄ˍˇ˃ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ ʅˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ʵʱˋˇˎˌ ˈˉˇˎ ʹ ˁ˂ʾˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ˂ʷˍʹˌ ʶʾ˄ʰʽ ˇ˃ʰ˂ʺ όˉΦ˔ ʅˍˊˇ˒ˎ˂ʽʱύ 

ˁˊʾ˄ʶˍʰʽ ˉ˖ˌ ˍˇ ˋˁʱ˒ˇˌ ˋˍʰʻʶˊʺˌ ˉˍʷˊˎʴʰˌ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ˂ˇʴʽˁʺ ʶˉʽ˂ˇʴʺ ˃ʶ ʴ˄˗˃ˇ˄ʰ ˍˇˎ 

ˉʰˊʱʴˇ˄ˍʶˌ ʰˁˊʾʲʶʽʰΣ ˍʰ˔ˏˍʹˍʰΣ ˁˈˋˍˇˌ ˁʰʽ ʰˋ˒ʱ˂ʶʽʰΦ 

ʅʶ ˉʶˊʽˇ˔ʷˌ ʷ˄ˍˇ˄ˇˎ ʰ˄ʱʴ˂ˎ˒ˇˎ, ʹ ˔ˊʺˋʹ ˋˁʱ˒̌ˎˌ ˋˍʰʻʶˊʺˌ ˉˍʷˊˎʴʰˌ ˃ʶ ˂ʶʽˍˇˎˊʴʾʰ ±¢h[ 

ʻʶ˖ˊʁʾˍʰʽ ʁ ˉʽ˂ˇʴʺ ˉˇˎ ʶ˃ˉʶˊʽʷ˔ʶʽ ˃ʶʴʱ˂ʹ ˉˇˋˈˍʹˍʰ ˊʾˋˁˇˎ ˁʰʽ ʰˉˇ˒ʶˏʴʶˍʰʽ ́  ˔ˊʺˋʹ ˍˇˎΦ ʅʶ ʰˎˍʷˌ 

ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍʶˍˊʰˁˈˉˍʶˊˇ ʴʽʰ ˄ʰ ˁʰ˂ˏ˕ʶʽ ˍʽˌ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʽˁʷˌ 

ʶˊʴʰˋʾʶˌ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰ˄ ʶ˄˗ ˇʽ ˃ʶˍˊʺˋʶʽ ̩LiDAR ˃ˉˇˊˇˏ˄ ˉ˔ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˃ʶ ˋˏˋˍʹ˃ʰ 

ΨMatrice 300 RTK' ̱ ʹˌ ʶˍʰʽˊʾʰˌ ΨDJIΩΦ 

ɱʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ ʰˉˇˋˍˇ˂˗˄Σ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶʽʵʽˁʱ ˂ˇʴʽˋ˃ʽˁʱηΦ ʆˇ ˂ˇʴʽˋ˃ʽˁʱ ʰˎˍʱ ʷ˔ˇˎ˄ 

ˍ ́ɻ ˎ˄ʰˍˈˍʹˍʰ ˁʰʻˇˊʽˋ˃ˇˏ ˍʹˌ ˉˇˊʶʾʰˌ ˍˇˎ ˋˁʱ˒ˇˎˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʰ˂˂ʱ ˁʰʽ ˍˇ  ˎ̱ ˊˈˉˇ ˎ̄ ˇˎ 

ˋˎ˂˂ʷʴʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ, ̍ ˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ: 

Á ʁˊʽˋ˃ˈˌ ˋʹ˃ʶʾˇˎ ʰˉˇʴʶʾ˖ˋʹˌ ˁʰʽ ˉˊˇˋʴʶʾ˖ˋʹˌ 

Á ʁˊʽˋ˃ˈˌ ʶˉʽˁʱ˂ˎ˕ʹˌ ˒˖ˍˇʴˊʰ˒ʽ˗˄ ʺ ʵʷˋ˃ʹˌ LiDAR 

Á ʆʰ˔ˏˍʹˍʰ ˁʰˍʰʴˊʰ˒ʺˌ ˒˖ˍˇʴˊʰ˒ʽ˗˄ 

Á ʆʰ˔ˏˍʹˍʰ ʁ˔ʺ˃ʰˍˇˌ 

Á ɱʶ˖ˉʶˊʾ˒ˊʰ˅ʹ 

Á ʈ˕ˇˌ ʃˍʺˋʹˌ  

Á ʁˊʽˋ˃ˈˌ ˍˊˈˉˇˎ ˉˊˇˋʴʶʾ˖ˋʹˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˔ʰ˃ʹ˂ʺˌ ˃ˉʰˍʰˊʾʰˌ 

2.2 ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˍʷˍˇʽ˖˄ ˂ˇʴʽˋ˃ʽˁ˗˄ όˁʰʽ ˉˇˎ ̝́ʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ʷˊʴˇˎ LIFE ELBIOS) 

ʶʾ˄ʰʽ ̱ ˇ ˂ˇʴʽˋ˃ʽˁˈ ζUGCSη ʴʽʰ ˍʹ˄ ˉˍʺˋʹ ˃ʶ ˍˇ ζMatrice 300 RTKη ˉˇˎ ˒ʷˊʶʽ LiDAR ̱ ʹˌ ʶˍʰʽˊʾʰˌ 

άCHCNAVέΣ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ QBase ɹ ʽʰ ˍʽˌ ˉˍʺˋʶʽˌ ˉˇˎ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˃ʶ ˋˁʱ˒ˇˌ ˋˍʰʻʶˊʺˌ ˉˍʷˊˎʴʰˌ ˍʹˌ 

άQuantum Systemsέ ˁ ʰʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ DJI Pilot 4 ɹ ʽʰ ˍʽˌ ˉˍʺˋʶʽˌ ˉˇˎ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˃ ʶ ˍʶˍˊʰˁˈˉˍʶˊˇ 

ζMavic 3E.ʅˎ˂˂ˇʴʺ ɲʶʵˇ˃ʷ˄˖˄ 

2.2.1 ɿ̌ ˃ˇʻʶˋʾʰ ˁʰʽ ɼʰʽˊʽˁʷˌ ʅˎ˄ʻʺˁʶˌ 

ɮˊ˔ʽˁʱΣ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˅ʶʽ ˋˎ˂˂ˇʴʺ ʶ˄ʰʷˊʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʅ˃ʹɳɮ όʅˎˋˍʺ˃ʰˍʰ ˃ʹ 

ɳˉʰ˄ʵˊ˖˃ʷ˄˖˄ ɮʶˊˇˋˁʰ˒˗˄ύ ʰ˄ ʵʶ˄ ˎˉʱˊ˅ʶʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ʰʵʶʽˇʵˈˍʹˋʹ ʰˉˈ ˍʹ˄ ʇˉʹˊʶˋʾʰ ʃˇ˂ʽˍʽˁʺˌ 

ɮʶˊˇˉˇˊʾʰˌ όʇʃɮύΦ ɱʽʰ ˄ʰ ˎˉʱˊ˅ʶʽ ʰʵʶʽˇʵˈˍʹˋʹΣ ˉˊʷˉʶʽ ˄ʰ ˎˉˇʲ˂ʹʻʶʾ ˋ˔ʷʵʽˇ ˉˍʺˋʹˌ ˃ʶ ˍʰ ˈˊʽʰ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˉˇˎ ʻʰ ˁʽ˄ʹʻʶʾ ˍˇ ʰʶˊˇˋˁʱ˒ˇˌΣ ˍˇ ˔ˊˇ˄ʽˁˈ ˉ˂ʰʾˋʽˇ ˃ʷˋʰ ˋˍˇ ˇˉˇʾˇ ʻʰ ʶˁˍʶ˂ʷˋʶʽ ˍʽˌ ˉˍʺˋʶʽˌ 

ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˃ʷʴʽˋˍˇ ˏ˕ˇˌ ˉˍʺˋʹˌΦ ʆˇ ʶˁʱˋˍˇˍʶ ˋˏˋˍʹ˃ʰ ̌ ˒ʶʾ˂ʶʽ ˄ ʰ ʰ˄ʺˁʶʽ ˋˍʹ˄ ʰ˄ˇʽˁˍʺ ˁʰˍʹʴˇˊʾʰ 

όˋˎˋˍʺ˃ʰˍʰ ˁʱˍ˖ ˍ˖˄ нр ˁʽ˂˗˄ ˉˇˎ ʵʶ˄ ˒ʷˊˇˎ˄ ʶˉʽˁʾ˄ʵˎ˄ʰ ˒ˇˊˍʾʰύ ˁʰʽ ˄ʰ ˍʹˊˇˏ˄ˍʰʽ ˇʽ ˉʰˊʰˁʱˍ˖ 

ˉˊˇːˉˇʻʷˋʶʽˌ:  

Á ʁ ˔ʶʽˊʽˋˍʺˌ όǊŜƳƻǘŜ Ǉƛƭƻǘύ ʷ˔ʶʽ ʰˉʶˎʻʶʾʰˌ ˇˉˍʽˁʺ ʶˉʰ˒ʺ ˃ʶ ˍˇ ʅ˃ʹɳɮ. 
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Á ʁʽ ˉˍʺˋʶʽˌ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˃ˈ˄ˇ ˃ʶ ˃ʹ ʶˉʰ˄ʵˊ˖˃ʷ˄ʰ ʰʶˊˇˋˁʱ˒ʹ ˃ʶ ˃ʷʴʽˋˍʹ ˃ʱʸʰ ˁʰˍʱ ˍʹ˄ 
ʰˉˇʴʶʾ˖ˋʹ όɾʆʁɾύ ˃ʽˁˊˈˍʶˊʹ ˍ˖˄ нр ˁʽ˂˗˄Φ 

Á ɶ ˉˍʹˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˃ʹ ʶˉʰ˄ʵˊ˖˃ʷ˄˖˄ ʰʶˊˇˋˁʰ˒˗˄ ˋˍʽˌ ζʰˉʰʴˇˊʶˎ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ʴʽʰ ˍʽˌ 
ˉˍʺˋʶʽˌ ˃ʹ ʶˉʰ˄ʵˊ˖˃ʷ˄˖˄ ʰʶˊˇˋˁʰ˒˗˄η ʰ˂˂ʱ ˁʰʽ ˋʶ ʰˉʰʴˇˊʶˎ˃ʷ˄ʶˌ κˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ 
ˉʶˊʽˇ˔ʷˌ όtǊƻƘƛōƛǘŜŘκwŜǎǘǊƛŎǘŜŘ !ǊŜŀǎύ ˈˉ˖ˌ ʷ˔ˇˎ˄ ˇˊʽˋˍʶʾ ʴʽʰ ʶˉʰ˄ʵˊ˖˃ʷ˄ʰ ʰʶˊˇˋˁʱ˒ʹΣ 
ʰˉʰʴˇˊʶˏʶˍʰʽΦ 

Á ʆʰ ˃ʹ ʶˉʰ˄ʵˊ˖˃ʷ˄ʰ ʰʶˊˇˋˁʱ˒ʹ ˉˇˎ ʾˉˍʰ˄ˍʰʽ ˋʶ ζʃˊˇˋ˖ˊʽ˄ʷˌ ɮˉˇˁ˂ʶʽˋˍʽˁʷˌ ʃʶˊʽˇ˔ʷˌ 
ό¢ŜƳǇƻǊŀǊȅ {ŜƎǊŜƎŀǘŜŘ !ǊŜŀǎύ ʴʽʰ ˍʹ˄ ˉˍʺˋʹ ʅ˃ʹɳɮ ˉˊʷˉʶʽ ˄ʰ ˋˎ˃˃ˇˊ˒˗˄ˇ˄ˍʰʽ ˉˊˇˌ ˍˇˎˌ 
ʽˋ˔ˏˇ˄ˍʶˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌΦ 

Á ʆˇ ˃ʶʴʰ˂ˏˍʶˊˇ ʶˉʽˍˊʶˉˈ˃ʶ˄ˇ ˏ˕ˇˌ ˉˍʺˋʹˌ ˍ˖˄ ʅ˃ʹɳɮ ˍʹˌ ζʰ˄ˇʽˁˍʺˌη ˁʰˍʹʴˇˊʾʰˌ ʶʾ˄ʰʽ ˍʰ 
плл ˉˈʵʽʰ όC¢ύ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ʺ ˍʹˌ ˃ʷˋʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ 

Á ʁ ˔ʶʽˊʽˋˍʺˌ ʶʾ˄ʰʽ ˎˉʶˏʻˎ˄ˇˌ ʴʽʰ ˍʹ˄ ʰˋ˒ʰ˂ʺ ˉˍʹˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˁʰʽ ˍʹ ʵʽʰˍʺˊʹˋʹ ʰˋ˒ʰ˂ˇˏˌ 
ʰˉˈˋˍʰˋʹˌ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˉʶ˄ʺ˄ˍʰ ˃ʷˍˊ˖˄ ˉ˂ʶˎˊʽˁʱ ˍˈˋˇ ʰˉˈ ˃ʹ ʶ˃ˉ˂ʶˁˈ˃ʶ˄ʰ ˉˊˈˋ˖ˉʰ 
ˁʰʻ˗ˌ ʶˉʾˋʹˌ ʰˉˈ ˉʶˊʽˇˎˋʾʶˌ ˋˍˇ ʷʵʰ˒ˇˌ. 

Á ʆʰ ʅ˃ʹɳɮ ˍʹˌ ζʰ˄ˇʽˁˍʺˌη ˁʰˍʹʴˇˊʾʰˌ ʵʶ˄ ʶˉʽˍˊʷˉʶˍʰʽ ˄ʰ ʶˁˍʶ˂ˇˏ˄ ˉˍʺˋʹ ʶˉʱ˄˖ ʰˉˈ 
ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˉˊˇˋ˗ˉ˖˄ ʺ ˋʶ ˉ˂ʶˎˊʽˁʺ ʰˉˈˋˍʰˋʹ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ мрл˃Φ 

Á ʁ ʶˁ˃ʶˍʰ˂˂ʶˎˈ˃ʶ˄ˇˌ όʽʵʽˇˁˍʺˍʹˌΣ ˁʱˍˇ˔ˇˌΣ ˃ʽˋʻ˖ˍʺˌ-ƻǇŜǊŀǘƻǊύ ˁʰʽ ˇ ˔ʶʽˊʽˋˍʺˌ όǊŜƳƻǘŜ Ǉƛƭƻǘύ 
ˍˇˎ ʅ˃ʹɳɮ ʶʴʴˊʱ˒ʶˍʰʽ ˋʶ ʶʽʵʽˁˈ ɾʹˍˊ˗ˇ όɹʵʽˇˁˍʹˍ˗˄Σ ˁʰˍˈ˔˖˄Σ ˃ʽˋʻ˖ˍ˗˄ ˁʰʽ ˔ʶʽˊʽˋˍ˗˄ 
ʅ˃ʹɳɮύ ˍˇ ˇˉˇʾˇ ˍʹˊʶʾˍʰʽ ˋˍʹ˄ ʰˊ˃ˈʵʽʰ ɲʽʶˏʻˎ˄ˋʹ ˍʹˌ ɮʶˊˇˉˇˊʽˁʺˌ ɮˊ˔ʺˌ όʇʃɮκɲн- 
ɲʽʶˏ̒ ˎ˄ˋʹ ʃˍʹˍʽˁ˗˄ ʃˊˇˍˏˉ˖˄ύΦ 

Á ʁ ʽʵʽˇˁˍʺˍʹˌ ˍˇˎ ʅ˃ʹɳɮ ʶʾ˄ʰʽ ˎˉʶˏʻˎ˄ˇˌ ʴʽʰ ʸʹ˃ʾʶˌ ʷ˄ʰ˄ˍʽ ˍˊʾˍ˖˄Σ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ʵʶ 
ʶˉʰʴʴʶ˂˃ʰˍʽˁʺˌ ˔ˊʺˋʹˌΣ ʴʽʰ ˍʹ˄ ˁʱ˂ˎ˕ʹ ˍ˖˄ ʸʹ˃ʽ˗˄ ʰˉʰʽˍʶʾˍʰʽ ʰˋ˒ʰ˂ʽˋˍʺˊʽˇ ˋˎ˃ʲˈ˂ʰʽˇΦ 

Á ɼʱʻʶ ʅ˃ʹɳɮ ˒ʷˊʶʽ ˋʶ ʶ˃˒ʰ˄ʷˌ ˋʹ˃ʶʾˇ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇ ˋˍʹ ʲʰˋʽˁʺ ʵˇ˃ʺ ˉʽ˄ʰˁʾʵʽˇ 
ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˋˍˇ ˇˉˇʾˇ ʰ˄ʰʴˊʱ˒ˇ˄ˍʰʽ ˇ ˁʰˍʰˋˁʶˎʰˋˍʺˌΣ ˁʰʽ ˇ ʰˊʽʻ˃ˈˌ ˋʶʽˊʱˌ ˁʰˍʰˋˁʶˎʺˌΦ 

ɶ ʶˊʶˎ˄ʹˍʽˁʺ ˇ˃ʱʵʰ ˁʰˍʱ˂˂ʹ˂ʰ ˉʽˋˍˇˉˇʽʹ˃ʷ˄ʹ ˁʰˍʱ EASA (European Union Aviation Safety Agency) 

ʶˎʻˎʴˊʰ˃˃ʾʸʶˍʰʽ h ˉˇ˂ˏˍ˖ˌ ˃ʶ ˍʽˌ ˎˉˇʵʶʾ˅ʶʽˌ ˍʹˌ ɳˎˊ˖ˉʰʿˁʺˌ ɴ˄˖ˋʹˌ ˁʰʽ ˍʹˌ ɳ˂˂ʹ˄ʽˁʺˌ ˄ˇ˃ˇʻʶˋʾʰˌ 

ˁʰʽ ˉˊʽ˄ ʰˉˈ ˁʱʻʶ ˉˍʹˍʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ˋˎ˄ˍʱˋˋʶʽ ʷʴʴˊʰ˒ˇ ˍˇ ˇˉˇʾˇ ʵʽʰʲʽʲʱʸʶʽ ˋˍʽˌ ʰˊ˃ˈʵʽʶˌ 

ʰˊ˔ʷˌ ʸʹˍ˗˄ˍʰˌ ʰʵʶʽˇʵˈˍʹˋʹ ʴʽʰ ˉˍʹˍʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˋʶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰΦ ʊˎˋʽˁʱ ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˊʷˉʶʽ ˄ʰ ˎ˂ˇˉˇʽʹʻʶʾ ʰˊˁʶˍʱ ˄˖ˊʾˍʶˊʰ 

ό˃ʶˊʽˁʷˌ ʶʲʵˇ˃ʱʵʶˌύ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʶˁˍʷ˂ʶˋʹˌ ˍʹˌ ˁʱʻʶ ˉˍʺˋʹˌΦ ɮˁˈ˃ʹ ʶʾ˄ʰʽ h ˉʰˊʰʾˍʹˍʹ ʱʵʶʽʰ ʰˉˈ 

ˍˇ˄ ʶˁʱˋˍˇˍʶ ˒ˇˊʷʰ ʵʽʰ˔ʶʾˊʽˋʹˌ όˉ˔ ɳʻ˄ʽˁˈ ʃʱˊˁˇ ʃʾ˄ʵˇˎύ ˁʰʻ˗ˌ ˁʰʽ ˋˏ˄ˍˇ˃ʹ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ 

ˉˍʹˍʽˁʺˌ ʵˊʰˋˍʹˊʽˈˍʹˍʰˌΣ ʰˊʽʻ˃ˈˌ ʶˁ˃ʶˍʰ˂˂ʶˎˇ˃ʷ˄ˇˎ ˁʰʻ˗ˌ ˁʰʽ ˋˍʽʴ˃ʽˈˍˎˉˇ ˇʻˈ˄ʹˌ ʰˉˈ ˍʹ˄ 

ʶ˒ʰˊ˃ˇʴʺ ζDrone Awareη ́  ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾ ʶʾ˄ʰʽ ʷ˄ʰ ˉ˂ʹˊˇ˒ˇˊʽʰˁˈ ˋˏˋˍʹ˃ʰ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ 

ˍʹˌ ʇˉʹˊʶˋʾʰˌ ʃˇ˂ʽˍʽˁʺˌ ɮʶˊˇˉˇˊʾʰˌ όʇʃɮύ ʴʽʰ ˍʽˌ ˉˍʺˋʶʽˌ ʅˎˋˍʹ˃ʱˍ˖˄ ˃ʹ-ɳˉʰ˄ʵˊ˖˃ʷ˄˖˄ 

ɮʶˊˇˋˁʰ˒˗˄ όʅ˃ʹɳɮύ ˋˍʹ˄ ɳ˂˂ʱʵʰΦ ʆˇ ά5!Dwέ όDrone Aware GRύ ˉʰˊʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋˍˇˎˌ 

˔ʶʽˊʽˋˍʷˌ ˁʰʽ ʶˁ˃ʶˍʰ˂˂ʶˎˈ˃ʶ˄ˇˎˌ ʅ˃ʹɳɮ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˉˍʺˋʶ˖˄ ˁʰʽ ʵʾ˄ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ʰˉˇˋˍˇ˂ʺˌ ʰʽˍʹ˃ʱˍ˖˄ ˉˍʺˋʹˌΦ ʅʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ˉˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ʹ ʶˊʶˎ˄ʹˍʽˁʺ 

ˇ˃ʱʵʰ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ʶ˄˗ ʰˁˇ˂ˇˎʻʶʾ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ˔ˊˇ˄ˇʲˈˊʰ ʵʽʰʵʽˁʰˋʾʰΣ ˃ʶˊʽˁʷˌ ˃ʷˊʶˌ ˉˊʽ˄ ˍʹ˄ 

ˉˍʹˍʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰΣ ˇʽ ˁʰʽˊʽˁʷˌ ˉˊˇʲ˂ʷ˕ʶʽˌ ˉˇˎ ʴʾ˄ˇ˄ˍʰʽ ʵʽʰʻʷˋʽ˃ʶˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ 

ʶˎ˄ˇʿˁʷˌ ˋˎ˄ʻʺˁʶˌ όˉ˔ ʲˊˇ˔ʷˌ ʺ ʽˋ˔ˎˊˇˏˌ ʰ˄ʷ˃ˇˎˌύ Σ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˊʷˉʶʽ ˄ ʰ ʶˉʰ˄ʰ˂ʹ˒ʻʶʾ 

ˈ˂ˇˌ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ʴʽʰ ˄ʷʶˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌΦ ɮˎˍˈ ʵʹ˃ʽˇˎˊʴʶʾ ˋʹ˃ʰ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ 

ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˉʶʵʾˇˎ ˁʰʻ˗ˌ ʹ ˔ˊˇ˄ʽˁʺ ʰʲʶʲʰʽˈˍʹˍʰ ʶʾ˔ʶ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ʹ ˇ˃ʱʵʰ ˄ʰ 
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ˉˊˇʶˍˇʽ˃ʱʸʶˍʰʽ ˁʰʽ ˍʶ˂ʽˁʱ ˄ʰ ˃ʹ˄ ˃ˉˇˊʶʾ ˄ʰ ˎ˂ˇˉˇʽʺˋʶʽ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ʴʽʰ ʰˊˁʶˍʷˌ ˒ˇˊʷˌΦ ɮˎˍˈ 

ʵʹ˃ʽˇˎˊʴʶʾ ˁ ʰʻˎˋˍʶˊʺˋʶʽˌ ˁʰʽ ˋˏʴ˔ˎˋʹ ˁʰʻ˗ˌ ˁʰʽ ʸʹˍʺ˃ʰˍʰ ˇʽˁˇ˄ˇ˃ʽˁʺˌ ˒ˏˋʶ˖ˌΦ 

ʅˎ˄ˇˉˍʽˁʱΣ ˇʽ ˄ˇ˃ʽˁˇʾ ˁʰʽ ˁʰʽˊʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾ ʰˎ˅ʱ˄ˇˎ˄ ˍˇ ʶˉʾˉʶʵˇ ʵˎˋˁˇ˂ʾʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ 

ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˋˍˇ ˉʶʵʾˇΦ ʁˊʻˈ ʶʾ˄ʰʽ  ̄ ˊʽ˄ ˅ʶˁʽ˄ʺˋʶʽ ˁʰ˄ʶʾˌ ˄ʰ ʲʴʶʽ ˋˍˇ ˉʶʵʾˇΣ ˉˊʷˉʶʽ 

˄ʰ ˁʱ˄ʶʽ ʶ˄ʵʶ˂ʶ˔ʺ ʷ˂ʶʴ˔ˇ ˍʹˌ ˎˉʱˊ˔ˇˎˋʰˌ ˄ˇ˃ˇʻʶˋʾʰˌΣ ˄ʰ ʰˁˇ˂ˇˎʻʺˋʶʽ ˉʽˋˍʱ ˍʽˌ ˎˉˇʵʶʾ˅ʶʽˌ ˁʰʽ ˄ʰ 

ˁʽ˄ʹˍˇˉˇʽʹʻʶʾ ʰˊˁʶˍʱ ˄˖ˊʾˍʶˊʰ ʰˉˈ ˍˇ ʵʽʱˋˍʹ˃ʰ ˉˇˎ ʶˉʽʻˎ˃ʶʾ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ˉʶʵʾˇ ɹ ʽʰ ˄ʰ ˉʱˊʶʽ 

ˍʽˌ ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʶˌ ʰʵʶʽˇʵˇˍʺˋʶʽˌΦ ʍˌ ˉˊˇˌ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍ˖˄ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ˍˇ ˃ˈ˄ˇ ˉˇˎ 

˃ˉˇˊʶʾ ˄ʰ ˁʱ˄ʶʽ ˁʱˉˇʽˇˌ ʶʾ˄ʰʽ ˃ʾʰ ˇˊʻˇ˂ˇʴʽˁʺ ʶˉʽ˂ˇʴʺ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ όʱ˄ˇʽ˅ʹ ʺ ʰˁˈ˃ʰ ˁʰ˂ˏˍʶˊʰ 

ˁʰ˂ˇˁʰʾˊʽύ ˁʰʽ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʶʾ ˋˎ˄ʶ˔˗ˌ ˉʹʴʷˌ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʷˍˋʽ ˗ˋˍʶ ˄ʰ 

ˉʰˊʰ˃ʷ˄ʶʽ ˋˎ˄ʶ˔˗ˌ ˈˋˇ ˉʽˇ ʶ˄ʹ˃ʶˊ˖˃ʷ˄ˇˌ ʴʾ˄ʶˍʰʽ ʴʽʰ ˄ʰ ʷ˔ʶʽ ˔ˊˈ˄ˇ ˄ʰ ˊˎʻ˃ʾˋʶʽ ˍʽˌ ˈˉˇʽʶˌ 

ˇˊʴʰ˄˖ˍʽˁʷˌ ʰˋˍˇ˔ʾʶˌ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˋˍʹ˄ ˉˇˊʶʾʰΦ 

2.2.2 ɾʶˍˊʺˋʶʽˌ ˋˍˇ ˉʶʵʾˇ 

ɴ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ ˕ʶʽ ˁʰˍʱ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˉʶʵʾˇˎ ʹ ʷ˂˂ʶʽ˕ʹ ʰ˄ˍʾ˂ʹ˕ʹˌ 

ˁʰʽ ˁʰ˂ʺˌ ʴ˄˗ˋʹˌ ˍˇˎ ˔˗ˊˇˎ. ɶ ʶˉʽ˂ˇʴʺ ˍ˖˄ ʵʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁ˗˄ ˉʶˊʽˇ˔˗˄ ˃ʶ ʲʱˋʹ ˃ˈ˄ˇ ˍʰ 

ˎ˒ʽˋˍʱ˃ʶ˄ʰ ˔ʰˊˍˇʴˊʰ˒ʽˁʱ ˎˉˈʲʰʻˊʰ όˉ˔Φ ˔ʱˊˍʶˌ ˍˏˉ˖˄ ˇʽˁˇˍˈˉ˖˄ύ ˁʰʽ ˍʹ˄ ʶˊ˃ʹ˄ʶʾʰ ʶʽˁˈ˄˖˄ 

ˎ˕ʹ˂ʺˌ ʶˎˁˊʾ˄ʶʽʰˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ˉˊˇˋʲʰˋʽ˃ˈˍʹˍʰ ˇʵʹʴʶʾ ˋʶ ˋʹ˃ʰ˄ˍʽˁʺ ˁʰʻˎˋˍʷˊʹˋʹ ˁʰʽ ˋˍʹ˄ 

ˉ˂ˇʺʴʹˋʹ ˋˍˇ ˉʶʵʾˇ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˇ˃ʱʵ˖˄ ˁʰʽ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˋˍʽˌ ʻʷˋʶʽˌ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌΦ 

ɶ ʷ˂˂ʶʽ˕ʹ ˁʰ˂ʺˌ ʴ˄˗ˋʹˌ ˍˇˎ ˔˗ˊˇˎ ˉˎˊˇʵˇˍʶʾ ʷ˄ʰ ˁˏ˃ʰ ˔ˊˇ˄ʽˁʺˌ ˉʾʶˋʹˌ ˉˇˎ ʰˎ˅ʱ˄ʶʽ ʶˁʻʶˍʽˁʱ ˍˇ 

ʱʴ˔ˇˌ ˍˇˎ ʰ˄ʻˊ˗ˉʽ˄ˇˎ ʵˎ˄ʰ˃ʽˁˇˏ ʴʽʰ ˍʹ˄ ˉˇˊʶʾʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˁʰʽ ˇʵʹʴʶʾ ̀ ʶ ˂ʺ˕ʹ ʲʽʰˋˍʽˁ˗˄ ˁʰʽ 

ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˂ʰ˄ʻʰˋ˃ʷ˄˖˄ ʰˉˇ˒ʱˋʶ˖˄ ˁ ʰʽ ˉʶˊʽˍˍ˗˄ ˊʾˋˁ˖˄. ɾʶˍˊʺˋʶʽˌ ˎˉˈ ˍʹ˄ ˉʾʶˋʹ ˍˇˎ ˔ˊˈ˄ˇˎΣ 

ˉˇ˂˂ʰˉ˂ʷˌ ʰˉˇˍˎ˔ʹ˃ʷ˄ʶˌ ˉˊˇˋˉʱʻʶʽʶˌ ʶ˄ˍˇˉʽˋ˃ˇˏ ˁʰˍʱ˂˂ʹ˂˖˄ ˋʹ˃ʶʾ˖˄ ʰˉˇʴʶʾ˖ˋʹˌ ˁʰʽ 

ˉˊˇˋʴʶʾ˖ˋʹˌΣ ˉˊˇʲ˂ʺ˃ʰˍʰ ʶˉʽˁˇʽ˄˖˄ʾʰˌ ʶʾ˄ʰʽ ˃ʶˊʽˁʱ ʰˉˈ ˍʰ ʸʹˍʺ˃ʰˍʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˊ̌ˁˏ̞̌ ˎ˄. 

ɴ˄ʰ ʰˉˈ ˍʰ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ˃ˉˇˊʶʾ ˄h  ˉˊˇˁˏ˕ˇˎ˄ ʁ ʾ˄ʰʽ ́  ʷ˂˂ʶʽ˕ʹ ˋʺ˃ʰˍˇˌ ˁʽ˄ʹˍʺˌ 

ˍʹ˂ʶ˒˖˄ʾʰˌΣ ˉʰˊʱʴˇ˄ˍʰˌ ˉˇˎ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇˌ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ʵʶˁˍ˗˄ GNSS ɹ ʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ 

RTKΦ ɮˎˍˈ ˇʵʹʴʶʾ ʰ˄ ˁʰʽ ˍʶ˂ʽˁ˗ˌ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ʰˎˍˇˋ˔ʶʵʽʰˋ˃ˇˏˌ ˋˍˇ ˉʶʵʾˇΣ ˇʽ ˇˉˇʾˇʽ ʶ˄ 

ˍ̫ ˂ʶʽ ʻʰ ˒ʷˊˇˎ˄ ̱ ˇ ˋ˖ˋˍˈ ʰˉˇˍʷ˂ʶˋ˃ʰ όˍˇˉˇʻʷˍʹˋʹ ˋˍˈ˔˖˄ ʴʽʰ ʶ˅ʱˊˍʹˋʹ ˍ˖˄ ʶˉʾʴʶʽ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ 

ˁʰʽ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍˇˎˌ ʰˉˈ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍ˖˄ ʴʶ˖ʰ˄ʰ˒ʶˊ˃ʷ˄˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍ˖˄ ʶ˄ʰʷˊʽ˖˄ 

ʰˉˇˍˎˉ˗ˋʶ˖˄ ˃ʷˋ˖ ˍʹˌ ˃ʶʻˈʵˇˎ PPKύ ˁʰʻˎˋˍʶˊˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˋˍˇ 

ˉʶʵʾˇ ˁʰʻ˗ˌ ʰˎ˅ʱ˄ʶˍʰʽ ̌  ʲʰʻ˃ˈˌ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ ˍ˖˄ ʵʽʰʵʽˁʰˋʽ˗˄Φ 

ʅˎ˄ʶˉ˗ˌΣ ˎˉˇʴˊʰ˃˃ʾʸʶˍʰʽ ̱ ʹ˄ ʰ˅ʾʰ ˍʹˌ ʶˉʾˋˁʶ˕ʹˌ ˍˇˎ ˉʶʵʾˇˎ ˉˊʽ˄ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄, ˁ ʰʻ˗ˌ 

ʶʾ˄ʰʽ ˇ ˃ˈ˄ˇˌ ˍˊˈˉˇˌ ˄ʰ ʰˉˇˁˍʺˋʶʽ ˁʰ˄ʶʾˌ ˉ˂ʺˊʹ ʰ˄ˍʾ˂ʹ˕ʹ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄.  

ʅ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˁˇ˃˃ʱˍʽ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Σ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˉʱ˄ˍʰ ˃ ʶ ˉˊˇˋˇ˔ʺ ˁʰʽ ˋʶʲʰˋ˃ˈ ˋˍˇˎˌ ʽˋ˔ˏˇ˄ˍʶˌ 

ˁʰ˄ˇ˄ʽˋ˃ˇˏˌΦ ɱʾ˄ʶˍʰʽ ˔ˊʺˋʹ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˂ˇʴʽˋ˃ʽˁ˗˄ ˋ˔ʶʵʾʰˋʹˌ ˍ˖˄ ˉˍʺˋʶ˖˄ ˉˇˎ 

ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˁʰʽ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰΦ ɼˇ˃ʲʽˁˈ ˊˈ˂ˇ ˉʰʾʸʶʽ ʹ ˏˉʰˊ˅ʹ ˉˇ˂˂ʰˉ˂˗˄ 

˃ˉʰˍʰˊʽ˗˄ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˒ˇˊʹˍ˗˄ ˋˍʰʻ˃˗˄ ˒ˈˊˍʽˋʹˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˒ʷˊʶʽ ˃ʰʸʾ ˍʹˌ ʹ ʶˊʶˎ˄ʹˍʽˁʺ 

ˇ˃ʱʵʰΦ ʃˇ˂˂ʱ ˉˊʱʴ˃ʰˍʰ ˃ˉˇˊʶʾ ˄ʰ ˃ʹ˄ ˉʱ˄ʶ ˈˉ˖ˌ ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ 

˃ʶˍˊʺˋʶ˖˄ ˃ʶ ʅ˃ʹɳɮ ˁʰʽ ʶ˄ ˍʷ˂ʶʽ ˄ʰ ˔ˊʶʽʰˋˍˇˏ˄ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʹʴʷˌ ˍˊˇ˒ˇʵˇˋʾʰˌΦ ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱ, 

ʹ ˏˉʰˊ˅ʹ ˉˇ˂˂˗˄ ˃ˉʰˍʰˊʽ˗˄ ˁʰʻ˗ˌ ˁʰʽ ˒ˇˊʹˍ˗˄ ˋˍʰʻ˃˗˄ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʰ ˋʶ ˍʷˍˇʽˇˎ 

ʶʾʵˇˎˌ ʰˉˇˋˍˇ˂ʷˌ ʶʽʵʱ˂˂˖ˌ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˔ʰʻʶʾ ˉˇ˂ˏˍʽ˃ˇˌ ˔ˊˈ˄ˇˌ ˋʶ ʰ˄ʰʸʺˍʹˋʹ ˉʹʴ˗˄ ˒ˈˊˍʽˋʹˌ 
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ˁʰʻ˗ˌ ˁʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ʰ˄ʰ˃ˇ˄ʺΦ ɮˎˍˈ ʷ˔ʶʽ ʽʵʽʰʾˍʶˊʹ ˋʹ˃ʰˋʾʰ ˋʶ ˉʶˊʽˇ˔ʷˌ ˇˊʶʽ˄ʷˌ ʺκˁʰʽ 

ʵˎ ˋˉˊˈˋʽˍʶˌΦ 

2.3 ɳˉʽ˂ˇʴʺ ˂ˇʴʽˋ˃ʽˁ˗˄ ˁ ʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄  

ɶ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ UAV ̄ ˇˎ ˁʱ˄ʶʽ ̀ ˎ˂˂ˇʴʺ ˒˖ˍˇʴˊʰ˒ʽ˗˄ ˃ʶ ˋˍˈ˔ˇ 

ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʽˁʺˌ ˃ʶʻˈʵˇˎΣ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇ̔ ʹʻʶʾ ˃ʷˋʰ ʰˉˈ 

ʶ˅ ʶʽʵʽˁʶˎ˃ʷ˄ʰ ˂ˇʴʽˋ˃ʽˁʱ όˈˉ˖ˌ ̄ ˔Φ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ Agisoft Metashape).  

 
ɳʽˁˈ˄ʰ 1: ʋˊʺˋʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ !ƎƛǎƻŦǘ aŜǘŀǎƘŀǇŜ ʴʽʰ ˍʹ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʽˁʺ ʶˉʾ˂ˎˋʹ 

ʅʹ˃ʰ˄ˍʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ ˋˍʹ˄ ʶˉʽˍˎ˔ʺ ʶˉʾ˂ˎˋʹ ˍ˖˄ ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ ˍ˖˄ ˇˊʻˇ˃˖ˋʰʿˁ ˗˄ 

ʶʾ ˄ʰʽ ́  ˏˉʰˊ˅ʹ ʶ˄ˈˌ ʽˋ˔ˎˊˇˏ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΦ  

 
ɳʽˁˈ˄ʰ 2: ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ɶκʇ 

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʷ˄ʰ ˋˏˋˍʹ˃ʰΣ ʶ˅ˇˉ˂ʽˋ˃ʷ˄ˇ ˃ʶ мну Gb ˃˄ʺ˃ʹ RAM ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˁʱˊˍʰ 

ʴˊʰ˒ʽˁ˗˄ NVIDIA GeForce RTX плфл ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʽˋ˔ˎˊˈ ˉˈˊˇ ɹ ʽʰ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ 

ˍ˖˄ ̄ ˇ˂˂˗˄ ˁʰʽ ˃ʶʴʱ˂ˇˎ ˃ʶʴʷʻˇˎˌ ɻ ʶʵˇ˃ʷ˄˖˄ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ 
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ɳʽˁˈ˄ʰ 3: ʋˊʺˋʹ ˍʹˌ ˁʱˊˍʰˌ ʴˊʰ˒ʽˁ˗˄ b±L5L! GeForce RTX 4090 ɹ ʽʰ ˍʹ˄ ˎˉˇʲˇʺʻʹˋʹ ˍʹˌ ʶˉʾ˂ˎˋʹˌ ˍˇˎ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʽˁˇˏ 
˃ˇ˄ˍʷ˂ˇˎ 

ɶ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ʷ˄ʰ LiDAR ʰʽˋʻʹˍʺˊʰ ʰˉʰʽˍˇˏ˄ ʴʽʰ ˄ʰ ʶˉʽ˂ˎʻˇˏ˄ 

ʶ˅ ʶʽʵʽˁʶˎ˃ʷ˄ʰ ˂ˇʴʽˋ˃ʽˁʱ όˈˉ˖ˌ ˉΦ˔Φ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ CHCNAV CoPre ˉˇˎ ˋˎ˄ˇʵʶˏʶʽ ˍˇ˄ LiDAR CHCNAV 

ʰʽˋʻʹˍʺˊʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ELBIOS)Φ ɮ˒ˇˏ ʶʽˋʰ˔ʻˇˏ˄ ˇˊʽˋ˃ʷ˄ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ 

˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ̄ ˊʰˁˍʽˁʱ ˋˎ˄ʵˎʱʸʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ GNSS ˁ ʰʽ ˍˇˎ ʰʵˊʰ˄ʶʽʰˁˇˏ όIMUύ ʴʽʰ ˄ʰ ʲˊʶʽ 

ˍʹ ʻʷˋʹ ˍˇˎ ˋʹ˃ʶʾˇˎ ˂ʺ˕ʹˌ ˁʱʻʶ ˒ˇˊʱ ˃ʶ ʰˁˊʾʲʶʽʰ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˉˊˇˋˉʰʻʶʾ ˄ʰ 

ˋˎ˄ʵˎʱˋʶʽ ˍʽˌ ʰ˂˂ʹ˂ʶˉʽˁʰ˂ˎˉˍˈ˃ʶ˄ʶˌ ʵʷˋ˃ʶˌ ˍˇˎ LiDAR ʰʽˋʻʹˍʺˊʰ ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ˍˇ оD 

˃ˇ˄ˍʷ˂ˇ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ʰˉˇˍˏˉ˖ˋʹˌΦ 

 
ɳʽˁˈ˄ʰ 4: ɳˉʾ˂ˎˋʹ ˍ˖˄ LiDAR ɻ ʶʵˇ˃ʷ˄˖˄ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ /I/b!± CoPre 

ɼʰˍʱ ˍˇ˄ ˇˊʽˋ˃ˈ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʰ˄ʰ˒ˇˊʱˌ, ˇˊʾyʁ ˍʰʽ ˋˍʹ˄ ʶˁˁʾ˄ʹˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˍ ̌

ʶ˂˂ʶʽ˕ˇʶʽʵʷ̩  ʶˁ ˉʶˊʽˋˍˊˇ˒ʺˌ όGRSулύΣ ʶˉˍʰˉʰˊʰ˃ʶˍˊʽˁˈˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌΣ ˇˊʽˋ˃ˈˌ ˉˊˇʲˇ˂ʺˌ TM 

όˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʆɾутύ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ʵʽˈˊʻ˖ˋʹ ˍˇˎ ˁʰ˄˄ʱʲˇˎ ˁʰˍʱ North-EastΦ ɮˁˈ˃ʹ ˋʶ ˈˍʽ 

ʰ˒ˇˊʱ ˍʹ˄ ˎ˕ˇ˃ʶˍˊʾʰΣ ʰˎˍʺ ʲʰˋʾʸʶˍʰʽ ˋʶ ʷ˄ʰ ˍˇˉʽˁˈ ʴʶ˖ʶʽʵʷˌ ˋˍˇ˄ ʶ˂˂ʰʵʽˁˈ ˔˗ˊˇ ˃ʶ ˋˍˈ˔ˇ ˍʰ 

ʴʶ˖˃ʶˍˊʽˁʱ ˎ˕ˈ˃ʶˍˊʰ ˄ʰ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍˇˏ˄ ˁʰˍʱ˂˂ʹ˂ʰ ˋʶ ˇˊʻˇ˃ʶˍˊʽˁʱ ˃ʶ ʲʱˋʹ ˃ʾʰ ʴˊʰ˃˃ʽˁʺ 
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ˉʰˊʶ˃ʲˇ˂ʺ ˍʹˌ ʰˉˇ˔ʺˌ ˍˇˎ ɱʶ˖ʶʽʵˇˏˌΦ ʂ˂ʹ ʰˎˍʺ ʹ ʵʽʰʵʽˁʰˋʾʰ ˇʵʹʴʶʾ ˋˍʹ ˋ˖ˋˍʺ ʴʶ˖ʰ˄ʰ˒ˇˊʱ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎ ˁʰˍʶˎʻʶʾʰ˄ ʰˉˈ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʶˉʾ˂ˎˋʹˌΦ 

 
ɳʽˁˈ˄ʰ 5: ɳˉʽ˂ˇʴʺ ʶ˄ˈˌ ˋʹ˃ʶʾˇ ˍˇˎ ˄ʷ˒ˇˎˌ ˁʰʽ ˉˊˇʲˇ˂ʺ ˍ˖˄ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ˍˇˎ ˋʶ ɳɱʅɮ ут 
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3. ɼɮʆɳʇɸʇɿʆɶʄɹɳʅ ɱʄɮɾɾɳʅ ɱɹɮ ʆɶɿ ɮʃʁɼʆɶʅɶ, ɲɹɮʋɳɹʄɹʅɶ ɼɮɹ ɳʃɳʀɳʄɱɮʅɹɮ ɲɳɲʁɾɳɿʍɿ 

ɮʃʁ ɳʃɹɱɳɹɮ ʅʇʅʆɶɾɮʆɮ ʅɮʄʍʅɶʅ LiDAR (TERRESTRIAL LASER SCANNING) 

3.1 ʅˎ˂˂ˇʴʺ ɲʶʵˇ˃ʷ˄˖˄  

ɶ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʶ̄ʾʴʶʽˇ ˋˏˋˍ́˃ ʰ ˋʱˊ˖ˋʹˌ ʶʾ˄ʰʽ ˃ʾʰ ˋ˔ʶˍʽˁʱ ʰˉ˂ʺ ʵʽʰʵʽˁʰˋʾʰ ˃ʶ ˍʰ 

ˋˏʴ˔ˊˇ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ˉʽˇ ʶ˂ʰ˒ˊʽʱΣ ʶˎʷ˂ʽˁˍʰ ˁʰʽ ʴˊʺʴˇˊʰ ʰˉˈ ˍʰ ˉʰ˂ʰʽˈˍʶˊʰΦ ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ, ˋˍ́˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ʷˊʴˇˎ LIFE ELBIOS ʴʽʰ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽʺ̒ ʹˁʶ ˍˇ ̄́ˇʿˈ˄ 

ˍʹˌ ʶˍʰʽˊʾʰˌ άLeica Geosystemsέ ˃ʶ ˍˇ ˈ˄ˇ˃ʰ BLK360Σ ˍˇ ˇˉˇʾ̌  ʶʾ˄ʰʽ ʽˁʰ˄ˈ ˄ʰ ˋˎ˂˂ʷ˅ʁ ʽ ˂ʶˉˍˇ˃ʶˊʺ 

ˍˊʽˋʵʽʱˋˍʰˍʰ ˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄ ˃ʶ ˔ˊ˖˃ʰˍʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰ ˋʶ ˃ʶˊʽˁʱ ˂ʶˉˍʱΦ ɾʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ 

˂ˇʴʽˋ˃ʽˁˇˏ ά[ŜƛŎŀ /ȅŎƭƻƴŜ CL9[5 ослέ ʵʽʶˎˁˇ˂ˏ˄ʶˍʰʽ  ́ʱ˃ʶˋʹ ʰˉˈˁˍʹˋʹ ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ˋˍˇ ˉʶʵʾˇ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˋˍʱʵʽˇ ˍʹˌ ˉˊˇʶˎʻˎʴˊʱ˃˃ʽˋʹˌ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄Φ ʃˊʰˁˍʽˁʱ ˍˇ ˃ˈ˄ˇ ˉˇˎ 

ʰˉʰʽˍʶʾˍʰʽ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰˍʱ ˍˇ ˋˍʱʵʽˇ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ʶʾ˄ʰʽ ˃ʾʰ ˋˍˇʽ˔ʶʽ˗ʵʹˌ 

ʰ˄ˍʾ˂ʹ˕ʹ ˍˇˎ ˔˗ˊˇˎ ˁʰʽ ˍ˖˄ ʵˎ˄ʰˍˇˍʺˍ˖˄ ˁʰʽ ˉʶˊʽˇˊʽˋ˃˗˄ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ɮˎˍˈ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ 

ʴʽʰ ˄ʰ ˍˇˉˇʻʶˍʹʻʶʾ ˇ ˋʰˊ˖ˍʺˌ ˋˍˇ˄ ˔˗ˊˇ ˃ʶ ˋˍˊʰˍʹʴʽˁˈ ˍˊˈˉˇ ˗ˋˍʶ ˄ʰ ˎˉʱˊ˅ʶʽ ʽˁʰ˄ʺ 

ʰ˂˂ʹ˂ˇʶˉʽˁʱ˂ˎ˕ʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ˍˇ ˍʶ˂ʽˁˈ ˍˊʽˋʵʽʱˋˍʰˍˇ ˃ˇ˄ˍʷ˂ˇΦ 

 
ɳʽˁˈ˄ʰ 6: ɳ˄ˍˇˉʽˋ˃ˈˌ ˒˖ˍˇˋˍʰʻʶˊ˗˄ ˃ʷˋʰ ʰˉˈ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ /ȅŎƭƻƴŜ Register 360 

ʍˋˍˈˋˇ, ʹ ˔ˊʺˋʹ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ʰˎˍʺˌ ˋʶ ʵʰˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ʰ˄ ˁʰʽ ˒ʰ˄ʶˊʱ ˔ˊʺˋʽ˃ʹ ˃ˉˇˊʶʾ ˄ʰ 

ʰˉˇʵʶʽ˔ʻʶʾ ʰˊˁʶˍʱ ʰˉʰʽˍʹˍʽˁʺ ˋʰ˄ ʶˊʴʰˋʾʰ, ˈˉ˖ˌ ʵʽʰˉʽˋˍ˗ʻʹˁʶ ˃ʷˋʰ ʰˉˈ ˍʹ˄ ʶ˃ˉʁ ʽˊʾʰ ˉˇˎ 

ʰ̄ ˇˁ̱̋ ʻ́ˁ ʶ ʰˉˈ ˍˇ ʷˊʴˇ LIFE ELBIOSΦ ʃʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌ ˇ ʱ˄ʶ˃ˇˌ ˉˇˎ ˋˎ˄ʶˉʱʴʶˍʰʽ ˁʾ˄ʹˋʹ ˍ˖˄ 

ˁ˂ʰʵʽ˗˄ ˍ˖˄ ʵʷ˄ˍˊ˖˄ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍˇˎ ˍʶ˂ʽˁˇˏ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌΣ ʹ ˉˎˁ˄ʺ ʲ˂ʱˋˍʹˋʹ 

ˋʹ˃ʰʾ˄ʶʽ ˉ˖ˌ ˉˊʷˉʶʽ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˉˇ˂ˏ ˁˇ˄ˍʽ˄ʷˌ ˋˍʱˋʶʽˌ ˃ʶ ˍˇ˄ ˋʰˊ˖ˍʺ ˁʰʽ ʱˊʰ ˉʱˊʰ 

ˉˇ˂˂ʷˌ ˋˍʱˋʶʽˌ ˉˇˎ ˋˎ˄ʶˉʱʴʶˍʰʽ ˉʱˊʰ ˉˇ˂ˏ ˃ʶʴʱ˂ʰ ˃ʶʴʷʻʹ ʰˊ˔ʶʾ˖˄ ˉˇˎ ʵˎˋ˔ʶˊʰʾ˄ˇˎ˄ ˍˇ ˋˍʱʵʽˇ 

ˍʹˌ ˃ʶˍʷˉʶʽˍʰ ʶˉʶ˅ʶˊʴʰˋʾʰˌΦ ɮˁˈ˃ʹ ˍˇ ʷ˄ˍˇ˄ˇ ʰ˄ʱʴ˂ˎ˒ˇ ʶˉʾˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ 

ʰ˄ʰʴˁʰʽˈˍʹˍʰ ʴʽʰ ˉˇ˂˂ʱ ˋʹ˃ʶʾʰ ˋˍʱˋʹˌ ʺ ʰˁˈ˃ʰ ˁʰʽ ʵˎˋˁˇ˂ʾʰ ˍˇˉˇʻʷˍʹˋʹˌ ˍˇˎ ˍˊʾˉˇʵʰ ˋˍˇ 

ʷʵʰ˒ˇˌΦ 
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ɳʽˁˈ˄ʰ 7: ɾʶˍˊʺˋʶʽˌ ˃ʶ ˍˇ˄ ʶˉʾʴʶʽˇ ˋʰˊ˖ˍʺ .[Y 360 ̀ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʅˍˊˇ˒ʽ˂ʽʱˌ 

ɹʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˉˊʷˉʶʽ ˄ʰ ʵˇʻʶʾ ˋˍˇ ˁˇ˃˃ʱˍʽ ˍʹˌ ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɱʽʰ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ 

ʻʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ˍˇˉˇʻʷˍʹˋʹ ˍʶˋˋʱˊ˖˄ όпύ ʺ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˋˍˈ˔˖˄ ˋˍˇ ˉʶʵʾˇ ˃ʶ ˁʰˍʱ˂˂ʹ˂ʹ 

ʴʶ˖˃ʶˍˊʾʰΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍ˖˄ ˋˍˈ˔˖˄ ʰˎˍ˗˄ ˋʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ 

ʰ˄ʰ˒ˇˊʱˌΣ ˋˍʹ ʵʽˁʺ ˃ʰˌ ˉʶˊʾˉˍ˖ˋʹ ˋˍˇ ɳ˂˂ʹ˄ʽˁˈ ɱʶ˖ʵʰʽˍʽˁˈ ʅˏˋˍʹ˃ʰ ɮ˄ʰ˒ˇˊʱˌ ɳɱʅɮ Ωут ʷˍˋʽ ˗ˋˍʶ 

˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍˇ˄ ʰ˒ʽ˄ʽˁˈ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍˇˎ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄Φ ʁʽ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˋˍʹ 

ʵʽˁʺ ˃ʰˌ ˉʶˊʾˉˍ˖ˋʹ ʵˈʻʹˁʰ˄ ˃ʶ ˔ˊʺˋʹ GNSS ʶʾˍʶ ˁʰʽ RTK ˁʽ˄ʹ˃ʰˍʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ʻʷˋʹˌΣ ʶʾˍʶ ˃ʶ 

ˋˍʰˍʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈΦ 

3.2 ɳ̄ ʽ˂ˇʴʺ ˂ˇʴʽˋ˃ʽˁ˗˄ ˁ ʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄  

ɱʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ˄ ʶˉʾʴʶʽˇ ˋʰˊ˖ˍʺ ʰˉhʽˍʶʾˍʰʽ ˁʰʽ 

ˉɦ ˂ʽ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇ ˂ˇʴʽˋ˃ʽˁˈ ɹ ʽʰ ˍʹ˄ ʶˎʻˎʴˊʱ˃˃ʽˋʹ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄Φ ɱʽh  ̄h ˊʱʵʶʽʴ˃ʰ ˃ˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ̱ ˇ ˂ˇʴʽˋ˃ʽˁˈ ˍʹˌ άLeica Geosystemsέ ̄ ˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ άCyclone Register ослέ. 

ɴ˄ʰ ʸʺˍʹ˃ʰ ˉˇˎ ˉˊʷˉʶʽ ˉʱ˄ˍˇˍʶ ˄ʰ ʻˎ˃ʱˍʰʽ ˁʱˉˇʽˇˌ ˉˇˎ ʻʷ˂ʶʽ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ 

ʶˊʴʰˋʾʶˌ ʶʾ˄ʰʽ ˉ˖ˌ ˇ ˈʴˁˇˌ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ TLS (Terrestrial 

Laser Scanner) ʁ ʾ˄ʰʽ ˃ʶʴʱ˂ˇˌ ό˃ʶˊʽˁʱ GB h ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰˉˇˍˏˉ˖ˋʹˌύ ˁ ʰʽ ʹ ˎˉˇ˂ˇʴʽˋˍʽˁʺ 

ʵˏ˄ʰ˃ʹ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ ʴʽʰ ˍʹ˄ ʶˎʻˎʴˊʱ˃˃ʽˋʹ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ˁʰʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ˍʶ˂ʽˁˇˏ 3D 

˃ˇ˄ˍʷ˂ˇˎ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˃ʶʴʱ˂ʹΣ ˉˊʱʴ˃ʰ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˉ˖ˌ ʰˉʰʽˍʶʾˍʰʽ ʷ˄ʰˌ ʽˋ˔ˎˊˈˌ ˎˉˇ˂ˇʴʽˋˍʺˌ 

ό˃˄ʺ˃ʶˌ RAMΣ ˁʱˊˍʶˌ ʴˊʰ˒ʽˁ˗˄ ˁ˂ˉΦύ ʴʽʰ ˍʹ˄ ˇ˃ʰ˂ʺ ˉˇˊʶʾʰ ˍ˖˄ ʶˊʴʰˋʽ˗˄Φ 

ʁ ˂ˈʴˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ άCyclone Register ослέ ʶʾ˄ʰʽ ʹ ˋˎ˃ʲʰˍˈˍʹˍʰ ˃ʶ ˍˇ˄ 

ˋʰˊ˖ˍʺ. ʅˎ˄ʺʻ˖ˌ ˁʱʻʶ ˋʰˊ˖ˍʺˌ ˉˇˎ ʵʽʰʻʷˍʶʽ ʹ ʶˁʱˋˍˇˍʶ ʶˍʰʽˊʾʰ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ʷ˄ʰ ʰ˄ˍʾˋˍˇʽ˔ˇ 

˂ˇʴʽˋ˃ʽˁˈ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˉˇˎ ˋˎ˄ʺʻ˖ˌ ʶʾ˄ʰʽ ˁʰʽ ʰˉʰˊʰʾˍʹˍˇ ˁʰʻ˗ˌ ˍʰ ʰˊ˔ʶʾʰ 

ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋˍˇ˄ ˋʰˊ˖ˍʺ ˋʶ ʷ˄ʰ ˉˊˇˋˍʰˍʶˎ˃ʷ˄ˇ format h ˉˈ ˍʽˌ ʶˍʰʽˊʾʶˌ ʴʽʰ ʶ˃ˉˇˊʽˁˇˏˌ ˁˎˊʾ˖ˌ 

˂ˈʴˇˎˌΦ 

ɴ˔ˇ˄ˍʰˌ ˁʱ˄ʶʽ ˍʹ˄ ˉˊˇʶˎʻˎʴˊʱ˃˃ʽˋʹ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ˋˍˇ ˉʶʵʾˇ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ άCyclone Field 

ослέ ˋˍˇ Tablet ̄ ˇˎ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍˇ˄ ˋʰˊ˖ˍʺΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋˍˇ ʴˊʰ˒ʶʾˇ ʰˉˇˍʶ˂ʶʾ 

ˍˇ ʶˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇΦ ʅʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ʷˊ˔ʶˍʰʽ ʹ ʰ˄ˍʾ˂ʹ˕ʹ ˍˇˎ ˔ˊʺˋˍʹ ˄ʰ ˉˊˇˋˉʰʻʺˋʶʽ ˄ʰ 

ʲʶ˂ˍʽˋˍˇˉˇʽʺˋʶʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˋˍʹ˄ ˋˏ˄ʵʶˋʹ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ˁʰʽ ˃ʱ˂ʽˋˍʰ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ʰˎˍʺ ʹ 
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ʵʽʰʵʽˁʰˋʾʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ά̝ ʶʽˊˇˁʾ˄ʹˍʰέ ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ 

άcloud-to-cloudέ ɻ ʶ˄ ˁʰˍʰ˒ʷˊˇˎ˄ ˄ʰ ʶˉʽ˒ʷˊˇˎ˄ ˍˇ ʲʷ˂ˍʽˋˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

ɮ˄  ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇˎ ˉʰʾˊ˄ʶʽ ˁʱˉˇʽˇˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ Laser Scanner ˍˇ ˁʰʻʽˋˍʱ ˍʹ˄ ˉʽˇ 

˂ʶˉˍˇ˃ʶˊʺ оD ˃ ʷʻˇʵˇ h ˉˇˍˏˉ˖ˋʹˌ ˍˇˎ ʵʰˋʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ˇ ˔ˊˈ˄ˇˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ˋˍˇ ˉʶʵʾˇΣ 

ˇ ˈʴˁˇˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˇʽ ˎˉˇ˂ˇʴʽˋˍʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ʶʾ˄ʰʽ ˉʰˊʱʴˇ˄ˍʶˌ ˋʹ˃ʰ˄ˍʽˁˇʾ ˁʰʽ ʵʶ˄ ˉˊʷˉʶʽ 

˄ʰ ̄hˊʰ˂ʶʾˉˇ˄ˍʰʽ.  

ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍˇ ˄ʷ˒ˇˌ ˋʹ˃ʶʾ˖˄ ˋʶ ˉʶˊʰʽˍʷˊ˖ ˂ˇʴʽˋ˃ʽˁʱ 

ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʴʽʰ ʶ˅ʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʵʰˋˇ˂ˇʴʽˁˇˏ ˔ʰˊʰˁˍʺˊʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ 

ˍˇˎ TLS ʁ ʾ˄ʰʽ ̱ ˈˋˇ ˂ʶˉˍˇ˃ʶˊʷˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾ ̄ ˊˇʲ˂ʺ˃ʰˍʰ ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ʰˉˈ ˍʰ ˂ˇʴʽˋ˃ʽˁʱ 

ʰˎˍʱ ˁʰʽ ˍʶ˂ʽˁʱ ʴʽʰ ˄ʰ ʴʾ˄ʶʽ ʵʽʰ˔ʶʽˊʾˋʽ˃ˇ ˉˊʷˉʶʽ ˄ ʰ ˎˉˇˋˍʶʾ ˋʹ˃ʰ˄ˍʽˁʺ ʴʶ˄ʾˁʶˎˋʹΦ 

 
ɳʽˁˈ˄ʰ 8: ɮˉʶʽˁˈ˄ʽˋʹ ˍˇˎ ˉˎˁ˄ˇˏ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˉˇˎ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˃ʶ ˍˇ [ŀǎŜǊ Scanner 

ʅˎ˄ʶˉ˗ˌΣ ʰ˄ ʹ ˉˇʽˈˍʹˍʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˍˇ ʰˎˋˍʹˊˈ ʸʹˍˇˏ˃ʶ˄ˇ ˍˈˍʶ ˍˇ TLS h ˉˇˍʶ˂ʶʾ ˍʹ˄ ʽʵʰ˄ʽˁʺ 

ʶˉʽ˂ˇʴʺΦ ʍˋˍˈˋˇ ʰ˄ ˍˇ ʸʺˍʹ˃ʰ ʶʾ˄ʰʽ ʹ ˋ˔ʷˋʹ ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ ʰˁˊʾʲʶʽʰˌ ʺ ˔ˊˈ˄ˇˎ ˁʰʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌ ʹ 

ˍʰ ˋˎˋˍʺ˃ʰˍʰ SLAM h ˉˇˍʶ˂ˇˏ˄ ̱ ʹ˄ ˁ ʰ˂ˏˍʶˊʹ ʶˉʽ˂ˇʴʺΦ 
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4. ɼɮʆɳʇɸʇɿʆɶʄɹɳʅ ɱʄɮɾɾɳʅ ɱɹɮ ʆɶɿ ɮʃʁɼʆɶʅɶ, ɲɹɮʋɳɹʄɹʅɶ ɼɮɹ ɳʃɳʀɳʄɱɮʅɹɮ ɲɳɲʁɾɳɿʍɿ 

SLAM 

4.1 ʅˎ˂˂ˇʴʺ ɲʶʵˇ˃ʷ˄˖˄  

ɶ ˍʶ˔˄ˇ˂ˇʴʾʰ {[!a ό{ƛƳǳƭǘŀƴŜƻǳǎ [ƻŎŀƭƛȊŀǘƛƻƴ ŀƴŘ aŀǇǇƛƴƎύ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ʲʺ˃ʰ 

ˉˊˇˈʵˇˎ ˋˍˇ˄ ˔˗ˊˇ ˍ˖˄ ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ʰˉˇˍˎˉ˗ˋʶ˖˄ ˁ ʰʻ˗ˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉʰˊʱ˂˂ʹ˂ʹ ʶˁˍʷ˂ʶˋʹ ˍˇ  ˎ

ʶ˄ˍˇˉʽˋ˃ˇˏ ʻʷˋʹˌ ˁʰʽ ˍʹˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍˊʽˋʵʽʱˋˍʰˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ ɮˎˍʺ ʹ ˋˏ˄ʻʶˍʹ 

ˍʶ˔˄ˇ˂ˇʴʾʰ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʶˁˍʶʾ˄ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˊˇ˃ˉˇˍʽˁʺ ʷˊʶˎ˄ʰ ˃ʷ˔ˊʽ ˍʹ˄ ˍˇˉˇʴˊʰ˒ʾʰ ˁʰʽ ˍʹ ˄

ˇʽˁˇ˂ˇɹʾΣh ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˎ˕ʹ˂ʺˌ ˉˇʽˈˍʹˍʰˌ ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ʰ˄ʰˉʰˊʰˋˍʱˋʶ˖˄ ˍˇˎ 

ʶˁʱˋˍˇˍʶ ˔˗ˊˇˎ. 

ʅˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ˍˇˉˇʴˊʰ˒ʾʰˌΣ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ {[!a ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ оɲ ˃ˇ˄ˍʷ˂˖˄ 

ˁʰʽ ʰˉˇˍˏˉ˖ˋʹ ˍˇˉˇʴˊʰ˒ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Φ ʅˍʹ˄ ˇʽˁˇ˂ˇʴʾʰ, ˍ ̌ SLAM ̀ ʺ˃ʶˊʰ ˉʰʾʸʶʽ ʷ˄ʰ˄ 

ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˁʰʽ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄˖˄ ̄ ʶˊʽˇ˔˗˄Φ ʆʰ ˋˎˋˍʺ˃ʰˍʰ 

ʶʾˍʶ ˋˍʹ˄ ʶˉʾʴʶʽʰ ˃ˇˊ˒ʺ ˍˇˎˌ ʶʾˍʶ ˋˍʹ˄ ʶ˄ʰʷˊʽʰ ˃ʷˋ˖ ˍ˖˄ UAVs (Unoccupied Air ±ŜƘƛŎƭŜǎύ ˃ʶ 

ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇˎˌ ʰʽˋʻʹˍʺˊʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˂˂ʷʴˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 

˂ʶˉˍˇ˃ʶˊ˗˄ о5 ˃ˇ˄ˍʷ˂˖˄ ˍˇˎ ʵʰˋʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ 

ʁʽ 3ɲ ʰˉˇˍˎˉ˗ˋʶʽˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ {[!a ˉʰˊʷ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʺ 

ˉ˂ʹˊˇ˒ˇˊʾʰ ʴʽʰ ˍʹ ˃ˇˊ˒ˇ˂ˇʴʾʰΣ ˍʹ ʵˇ˃ʺ ˁʰʽ ˍʽˌ ʰ˂˂ʰʴʷˌ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɮˎˍʺ ʹ ˉˊˇʹʴ˃ʷ˄ʹ 

ˍʶ˔˄ˇ˂ˇʴʾʰ ʶʾ˄ʰʽ ˁʰʻˇˊʽˋˍʽˁʺ ʴʽʰ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Σ ˍʹ 

ʵʽʰ˔ʶʾˊʽˋʹ ˒ˎˋʽˁ˗˄ ˉˈˊ˖˄ ˁʰʽ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ ʲʽ˗ˋʽ˃˖˄ ˉˊʰˁˍʽˁ˗˄ ˋˍˇˎˌ ˍˇ˃ʶʾˌ ˍʹˌ ˍˇˉˇʴˊʰ˒ʾʰˌ 

ˁʰʽ ˍʹˌ ʵʰˋˇ˂ˇʴʾʰˌΦ 

ʅ̱ ˇ ʶ˃ˉˈˊʽˇ ˎˉʱˊ˔ˇˎ˄ ˋʰˊ˖ˍʷˌ ˉˇˎ ˉʰˊʷ˔ˇˎ˄ ˔ˊ˖˃ʰˍʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰ wD.Σ ˖ˋˍˈˋˇ ˎˉʱˊ˔ʶʽ ˁʰʽ ʷ˄ʰ 

ˋˏˋˍʹ˃ʰ ˍʹˌ ʶˍʰʽˊʾʰˌ άDŜƻ{[!aέ ˃ʶ ˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ άDŜƻ{[!a wŜǾƻέ ˍˇ ˇˉˇʾˇ ʵʶ˄ ʵʽʰʻʷˍʶʽ 

ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʹ ˁʱ˃ʶˊʰΣ ʰ˂˂ʱ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍˇ˄ [ƛ5!w ʰʽˋʻʹˍʺˊʰ ˍˇˎ ˁʰʽ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ 

ʰʵˊʰ˄ʶʽʰˁˇˏ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ όLa¦ύ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍˇ˄ ˔ˊʺˋˍʹ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˁʰʽ ˃ˈ˄ˇ ˍˊʽˋʵʽʱˋˍʰˍʹ 

ʴʶ˖˃ʶˍˊʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ʵʹ˂ʰʵʺ ˍʽ˃ʷˌ ȄΣ ȅΣ ˁʰʽ Ȋ ˋʶ ʷ˄ʰ ʰ˄ʶ˅ʱˊˍʹˍˇ ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌΦ 

ɶ ʰˉˇˎˋʾʰ ˍʹˌ ˔ˊ˖˃ʰˍʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʵʹ˃ʽˇˎˊʴʶʾ ˉˊˈʲ˂ʹ˃ʰ ˋˍʹ˄ ˁ˂ʰˋʽˁʺ ʵʽʰʵʽˁʰˋʾʰ 

ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ˃ʶ ˔ˊʺˋʹ ʶʽʵʽˁʱ ˔ˊ˖˃ʰˍʽˋ˃ʷ˄˖˄ ˋʹ˃ʶʾ˖˄ GCPs (Ground Control Pointsύ ˁʰʻ˗ˌ ʰˎˍʺ 

ʶʾ˄ʰʽ ʰʵˏ˄ʰˍˇ ˄ʰ ˎ˂ˇˉˇʽʹʻʶʾΦ ɱʽʰ ˄ʰ ˅ʶˉʶˊʰˋˍʶʾ h ˎˍˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰΣ ˇʽ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʷˌ ˍʹˌ ʶˍʰʽˊʾʰˌ 

ʵʹ˃ʽˇˏˊʴʹˋʰ˄ ˃ʾʰ ʽʵʽʰʾˍʶˊʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˋˍˇ ˋˏˋˍʹ˃ʰ ʰˎˍˈΦ ʆˇ ˉˊˇʴˊʰ˃˃ʱˍʽˋʰ˄ ˃ʶ ˍʷˍˇʽˇ 

ˍˊˈˉˇ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˇ ˔ˊʺˋˍʹˌΣ ˃ʶ ˃ʾʰ ʶʽʵʽˁʺ ʲʱˋʹ ˄ʰ ˍˇˉˇʻʶˍʶʾ ʰˁʾ˄ʹˍˇ ˍˇ ˋˏˋˍʹ˃ʰ ˋˍʰ 

ˋʹ˃ʶʾʰ ˉˇˎ ʶˉʽʻˎ˃ʶʾ ˁʰʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʶˋ˖ˍʶˊʽˁʱ ˄ʰ ˍʰ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˖ˌ ˋʹ˃ʶʾʰ ʰ˄ʰ˒ˇˊʱˌ όReference 

Points). ɾʶ ʰˎˍʺ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʶˉʽˍˊʷˉʶʽ ˋˍˇ˄ ʶˁʱˋˍˇˍʶ ˔ˊʺˋˍʹ ˄ʰ ˍˇˉˇʻʶˍʺˋʶʽ ˍˇ˄ ˋʰˊ˖ˍʺ ˋˍʰ 

ˋʹ˃ʶʾʰ ˉˇˎ ʶˉʽʻˎ˃ʶʾ ˁʰʽ ˃ˈ˂ʽˌ ̱ ʶ˂ʁ̔ ˗ˋʶʽ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˄ʰ ˉʶˊʱˋʶʽ ˃ʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ GNSS ̋  ˃ʶ 

ʷ˄ʰ˄ ʴʶ˖ʵʰʽˍʽˁˈ ˋˍʰʻ˃ˈ ʶ˅ʰˊˍ˗˃ʶ˄ˇˌ ʰˉˈ ˁʱˉˇʽˇ ˍˊʽʴ˖˄ˇ˃ʶˍˊʽˁˈ ʺ ˉˇ˂ˎʴ˖˄ˇ˃ʶˍˊʽˁˈ ˋʹ˃ʶʾˇ ˄ʰ 

ʵ˗ˋʶʽ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˋˍʰ ˋʹ˃ʶʾʰ ˉˇˎ ˋˍʺʻʹˁʶ ʰˁʾ˄ʹˍˇˌ ˇ ˋʰˊ˖ˍʺˌ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

˃ʷˋ˖ ˁʰˍʱ˂˂ʹ˂ˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰˉˈ ˍˇ ʰˎʻʰʾˊʶˍˇ 

ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ˋʶ ˁʱˉˇʽˇ ʶ˅ʰˊˍʹ˃ʷ˄ˇ ˋˏˋˍʹ˃ʰ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇ ɳɱʅɮ ΩутΦ 

ɴ˄ʰ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ˋˍʹ ˔ˊʺˋʹ ˍˇˎ GNSS ʶʾ˄ʰʽ ʹ ʰˉˇˎˋʾʰ ˋʺ˃ʰˍˇˌ ˁʽ˄ʹˍʺˌ 

ˍʹ˂ʶ˒˖˄ʾʰˌΦ ɾʹ˄ ʷ˔ˇ˄ˍʰˌ ˁʱˉˇʽˇ˄ ʱ˂˂ˇ˄ ʶ˅ˇˉ˂ʽˋ˃ˈ ˋˍˇ ˉʶʵʾˇΣ ˎˉʱ̝́ ʶʽ ˇ ˁʾ˄ʵˎ˄ˇˌ ˄ʰ ˃  ́˃ ˉˇˊʶʾ ˄ ʰ 
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ʵˇʻʶʾ ˃ʶ ˁʰ˄ʷ˄ʰ˄ ˍˊˈˉˇ ʴʶ˖ʰ˄ʰ˒ˇˊʱ ˋˍʰ ˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄, ˁʰʽ ʱˊʰ ʰˎˍʱ ˄ʰ ˉʰˊʰ˃ʶʾ˄ˇˎ˄ ˋʶ ʷ˄ʰ 

ʰ˄ʶ˅ʱˊˍʹˍˇ ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ʴʶʴˇ˄ˈˌ ˉˇˎ ʻʰ ʶˉʽ˒ʷˊʶʽ ʶˉʽˉ˂ʷˇ˄ ʵˎˋˁˇ˂ʾʶˌ ˋˍʹ ˋˎʴ˔˗˄ʶˎˋʹ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʹʴʷˌΦ 

ɾ  ʁʵʹ˃ʽˇˎˊʴʽˁˈˍʹˍʰ ˃ˉˇˊʶʾ ˄ʰ ʵˇʻʶʾ ˂ˏˋʹ ˋʶ ʰˎˍˈ ˍˇ ˒ʰʽ˄ˇ˃ʶ˄ʽˁˈ ʱ˂ˎˍˇ ˉˊˈʲ˂ʹ˃ʰΦ ʁ ̔˂ˏˋʁ̔ ˌ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʰ ʁ ˅ʺˌ: 

Á ɳˉʽ˂ˇʴʺ ̄ ˇ˂˂ʰˉ˂˗˄ ɹʁ ʽˍˇ˄ʽˁ˗  ˄̄ ʶˊʽˇ˔˗  ˄h ˉˇˍˏˉ˖ˋʹˌ 

Á ʃ́ ˇʶʴˁʰˍʱˋˍʰˋʹ ˒˖ˍˇˋˍʰʻʶˊ˗˄ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ʰˎˍʷˌ 

Á ʆˇˉˇʻʷˍʹˋʹ ˍ˖˄ ˋˍˈ˔˖˄ ό˒˖ˍˇˋˍʰʻʶˊʱύ ˃ ʶ ˍˊˈˉˇ ˗ˋˍʶ ˄ʰ ˃ʶʾ˄ˇˎ˄ h ˁʾ˄ʹˍˇʽ 

Á ɾʁ ˍˊʺˋʶʽˌ ˃ʶ ˍˇ˄ ˋʰˊ˖ˍʺ SLAM ̍ ˉˇˎ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋˍʺ˄ˇ˄ˍʰʽ ̀ ˍʰ ˒˖ˍˇˋˍʰʻʶˊʱ ˋʹ˃ʶʾʰ ˁ ʱʻʶ 

ˉʶˊʽˇ˔ʺˌ 

Á ɾʶ ˍˇ ˍʷ˂ˇˌ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˃ ʶ ˍˇ SLAM, ̌ ʽ ˋˍˈ˔ˇʽ ˄ʰ ̄hˊʷ˃ʶʽ˄ˇˎ˄ ̀ ˍʹ ʻʷˋʹ ˍˇˎˌ ˋˍˇ ʷʵʰ˒ˇˌ 

ˋʶ ˁʱʻʶ ˉʶˊʽˇ˔ʺ 

Á ʅɦ ˊ˖ˋʹ ˍʹˌ ɹ ʶ˄ʽˁˈˍʶˊʹˌ ̄ ʶˊʽˇ˔ʺˌ ˃ʶ UAV ̄ ˇˎ ˒ʷˊʶʽ ˁ ʶˊʰʾʰ GNSS ˁ ʰʽ ˒˖ˍˇʴˊʰ˒ʽˁʺ ˁʱ˃ʶˊʰ 

(ˉΦ˔Φ Quantum Systems' ʆrinity f90+) 

Á ʅ̱ ʰˍʽˁˈˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ʻʷˋʹˌ ̀ ˍˇ ˋʹ˃ʶʾˇ ʰˉˇʴʶʾ˖ˋʹˌ  

Á ɳˉʾ˂ˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄ʰ GNSS ˋˍˇ ʴˊʰ˒ʶʾˇ ˃ʶ ʰˉˈʵˇˋʹ ʰˁˊʽʲʺ ̩ˉ˂ʹˊˇ˒ˇˊʾʰ ʻʷˋʹˌ ˋˍˇ 

˒˖ˍˇʴˊʰ˃˃ʶˍˊʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˃ ʷˋ˖ ˍʹˌ ˍʶ˔˄ʽˁʺˌ PPK (Post Processing Kinematic) 

ˋˍˇ ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ɳɱʅɮ Ψут 

Á ʁ ˔ˊʺˋˍʹˌΣ ˋˍˇ ˋˍʱʵʽˇ ˍʹˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ ʴˊʰ˒ʶʾˇΣ ʰ˄ʰʴ˄˖ˊʾʸʶʽ ˍʰ 

ʴʶ˖ʰ˄ʰ˒ʶˊ˃ʷ˄ʰ ̄ ˂ʷˇ˄ ˁʷ˄ˍˊʰ ˍ˖˄ ˋˍˈ˔˖˄ ˁʰʽ ˋʹ˃ʶʾ˖˄ʁ  ̱̔ ʽˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˍˇˎˌ 

Á ʆʷ˂ˇˌΣ ˔ˊʺˋʹ ˍ̟  ˄ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖  ˄ˁʰʽ ʶʽˋʰʴ˖ʴʺ ˍˇˎˌ ˍˇˎˌ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

SLAM ʴʽʰ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰˉˈ ˍˇ ʰˎʻʰʾˊʶˍˇ ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ 

ˋˍˇ ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ɳɱʅɮ ΩутΦ 

ɶ ̌ ˊʻʺ ˁʰʽ ʴˊʺʴˇˊʹ ʰ˄ˍʾʵˊʰˋʹ ˍʹˌ ʶˊʶˎ˄ʹˍʽˁʺˌ ˇ˃ʱʵʰˌ ˋʶ ˃ʾʰ ʰ˄ʰˉʱ˄ˍʶ˔ʹ ʵˎˋˁˇ˂ʾʰ ˉˇˎ ˇ˒ʶʾ˂ʶˍʰʽ 

ˋʶ ʶ˅˖ʴʶ˄ʶʾˌ ˉʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌ ʹ ʰˉ˗˂ʶʽʰ ˋʺ˃ʰˍˇˌ ˁʽ˄ʹˍʺˌ ˍʹ˂ʶ˒˖˄ʾʰˌ ˉʰʾʸʶʽ ̀ ʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ 

ʶˉʽˍˎ˔ʾʰ ˍʹˌ ˃ʶˍˊʹˍʽˁʺˌ ʰˉˇˋˍˇ˂ʺˌ ˁʰʽ ʶʾ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶ˃ˉʶʽˊʾʰˌ ˉʶʵʾˇˎ ʰ˂˂ʱ ˁʰʽ ˍʹˌ ˍˊʽʲʺˌ 

˃ʶ ʸʹˍʺ˃ʰˍʰ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʾʰˌ ˁʰʽ ʵˇˊˎ˒ˇˊʽˁˇˏ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ʻʷˋʹˌΦ 
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ɳʽˁˈ˄ʰ 9: ɳ˄ˍˇˉʽˋ˃ˈˌ ˒˖ˍˇˋˍʰʻʶˊ˗˄ ˃ʷˋʰ ʰˉˈ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ !ƎƛǎƻŦǘ aŜǘŀǎƘŀǇŜ

ɴ˄ʰ ʵʶˏˍʶˊˇ ʸʺˍʹ˃ʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ʶʽ ʶʾ˄ʰʽ ˍˇ ʷ˄ˍˇ˄ˇ ʰ˄ʱʴ˂ˎ˒ˇΦ ʆˇ ʰʵˊʰ˄ʶʽʰˁˈ ˋˏˋˍʹ˃ʰ 

ˉˇˎ ˒ʷˊʶʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˍˇ SLAM ʰˉʰʽˍʶʾ ˇ˃ʰ˂ʷˌ ˁʽ˄ʺˋʶʽˌ ˁʰʽ ˋˍˊˇ˒ʷˌ ˋˍˇ˄ ˔˗ˊˇΦ ʅʶ ʷ˄ˍˇ˄ˇ 

ʰ˄ʱʴ˂ˎ˒ˇ ʰˁˈ˃ʰ ˁʰʽ ˍˇ ˉʶˊˉʱˍʹ˃ʰ ʶʾ˄ʰʽ ɻ ˏˋˁˇ˂ˇ ʴʽʰ ˍˇ˄ ˔ʶʽˊʽˋˍʺ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˉˈˋˇ ˃ʱ˂˂ˇ˄ ˇʽ 

ˇ˃ʰ˂ʷˌ ˁʽ˄ʺˋʶʽˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ɮˎˍˈ ˇʵʹʴʶʾ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ˃ʶ ʰˊˁʶˍˈ ʻˈˊˎʲˇ ʺ ˂ʰ˄ʻʰˋ˃ʷ˄ʶˌ 

ʶˉʽ˃ʷˊˇˎˌ ʶˉʽ˂ˏˋʶʽˌΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ʴʾ˄ˇ˄ˍʰʽ ʶˉʰ˄ʰ˃ʶˍˊʺˋʶʽˌ ʶ˄˗ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ 

ʶʽʵʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ʶˉʰ˄ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

 
ɳʽˁˈ˄ʰ 10: ɶ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ άplot пέ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰ {[!a ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʃʾ˄ʵˇˎ 
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ɳˉʾˋʹˌ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˋʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ˉ˖ˌ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ GNSS 

˃ˉˇˊʶʾ ˄ʰ ʰˉʰʽˍʺˋˇˎ˄ ˋˍʹ˄ ʰˉˈˁˍʹˋʹ ʵʶˏˍʶˊˇˎ ʵʷˁˍʹ GNSS ̫ ˍˋʽ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 

ˋʰ˄ ʸʶˎʴʱˊʽ Base-RoverΦ ʃˊʰˁˍʽˁʱ ʰˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˉ˖ˌ ˇ ʵʷˁˍʹˌ ˉˇˎ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ Base ˃ˉˇˊʶʾ ˄ʰ 

ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇˌ ˋʶ ʷ˄ʰ ˋ˔ʶˍʽˁʱ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ˇ ˋʹ˃ʶʾˇ ʶ˄˗ ˇ ʵʷˁˍʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ 

Rover ˂ ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʵʽˇˊʻ˗ˋʶʽˌ ʻʷˋʹˌ ʰˉˈ ˍˇ˄ ɰase h ˁˈ˃ʰ ˁʰʽ ʰˊˁʶˍʱ ˃ʷˋʰ ˋˍˇ ʵʱˋˇˌΦ 

 
ɳʽˁˈ˄ʰ 11: ɾʶˍˊʺˋʶʽˌ ˃ʶ ˍˇ ˋˏˋˍʹ˃ʰ {[!a ˁʰʽ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ʻʷˋʹˌ ˃ʷˋ˖ ˒˖ˍˇˋˍʰʻʶˊ˗˄ ˁʰʽ ʵʷˁˍʹ Db{{ 

ʁ ˂ˈʴˇˌ ˉˇˎ ʴʾ˄ʶˍʰʽ ʰˎˍˈ ʶʾ˄ʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ˇʽ ʵʽˇˊʻ˗ˋʶʽˌ ʻʷˋʹˌ ˉˇˎ ˃ʶˍʰʲʽʲʱʸˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ 

ʵʷˁˍʹ Base ̀ ˍˇ˄ ʵʷˁˍʹ Rover ɹ ʾ˄ʶˍʰʽ ˃ʷˋ˖ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ ˊʰʵʽˇ˃ˈ˄ˍʶ˃ (radiomodem) ̱ ʶ˔˄ˇ˂ˇʴʾʰˌ 

LoRaWAN. H ˃ ʷʴʽˋˍʹ ʰˉˈˋˍʰˋʹ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˇ ʵʷˁˍʹˌ Base ˃ ˉˇˊʶʾ ˄ʰ ˋˍʶʾ˂ʶʽ ʵʶʵˇ˃ʷ˄ʰ ˋˍˇ˄ ʵʷˁˍʹ 

Rover ʁ ʾ˄ʰʽ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ ʶ˄ˈˌ ˔ʽ˂ʽˇ˃ʷˍˊˇˎ. ʍˋˍ̍̀ˇ hˁ ˈ˃ʹ ˁʰʽ ˋʶ ʰˎˍʺ ̱ ʹ˄ ˉʶˊʾˉˍ˖ˋʹ ̱ ʰ ˎ˕ʹ˂ʱ ˁʰʽ 

ˉˎˁ˄ʱ ˍˇˉˇʻʶˍʹ˃ʷ˄ʰ ʵʷ˄ˍˊʰ ˋˎ˄ʶ˔ʾʸˇˎ˄ ˄ʰ ʰˉˇˍʶ˂ˇˏ˄ʶ ˉˊˈʲ˂ʹ˃ʰ ˋˍʹ˄ ʶˉʾ˂ˎˋʹ ʵʽʰ˒ˇˊʽˁʺˌ 

ˁʽ˄ʹ˃ʰˍʽˁʺˌ ˂ˏˋʹˌ GNSS ˁʰʻˈˍʽ ˋˎ˔˄ʱ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˈˉ˖ˌ ʹ ˃ʶˊʽˁʺ ʰˉ˗˂ʶʽʰ ˋʺ˃ʰˍˇˌ 

GNSS ˁ ʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ˉˇ˂ˎʰ˄ʱˁ˂ʰˋʹˌΦ 

4.2 ɳˉʽ˂ˇʴʺ ˂ˇʴʽˋ˃ʽˁ˗˄ ˁ ʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄  

ɶ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰ {[!a ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʰ 

˂ˇʴʽˋ˃ʽˁʱ ˉˇˎ ˋˎ ˄ˇʵʶˏˇˎ˄ ˍˇ˄ ˋʰˊ˖ˍʺ (ˉΦ˔Φ ˋˍʹ˄ ˉʶˊʾ̱̄˖ˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ SLAM ̄ ˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍˇ LIFE ELBIOS, ̝ ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍʰ ˂ˇɹʽˋ˃̔ˁ ʱ άDŜƻ{[!a Hubέ ˁʰʽ άGeoSLAM 

Connectέ. ɼˎˊʾ˖ˌ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍˇ ˉˊ˗ˍˇ, ˍˇ ʵʶˏˍʶˊˇ ˂ˇʴʽˋ˃ʽˁˈ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ˈ˄ˇ ʴʽʰ ʽʵʽʰʾˍʶˊʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʶˌ ˇˊʽˋ˃ʷ˄ʶˌ ˂ʶʽˍˇˎˊʴʾʶˌ 

ʶˉʰ˄ʶˉʶ˅ʶˊʴʰˋʾʰˌ).  

ʅʶ ʷ˄ʰ ˍʷˍˇʽˇ ˂ˇʴʽˋ˃ʽˁˈ (ˈˉ˖ˌ Φ̄˔Φ ˍˇ άGeoSLAM Hubέ) ʶʽˋʱʴˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ˋˎˋ˃ˉʽʶˋ˃ʷ˄ʹ 

˃ˇˊ˒ʺ άΦzipέ ̍̄ ˖ˌ ʶ˅ʱʴˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ ˋʰˊ˖ˍʺΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ˁʰʽ ʰ˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁʱˉˇʽˇ ˉˊˈʲ˂ʹ˃ʰ ˉʰˊʱʴʶʽ ˋʶ ˃ʶˊʽˁʱ ˂ʶˉˍʱ ˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˄ʷ˒ˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 

ʰˉˇˍˏˉ˖ˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˉˇˊʶʾʰ ˉˇˎ ʰˁˇ˂ˇˏʻʹˋʶ ˇ ˋʰˊ˖ˍʺˌ ˃ʷˋʰ ˋʶ ʰˎˍʺΦ 
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ʆˇ ˂ˇʴʽˋ˃ʽˁˈ ʷ˔ʶʽ ˔ʰˊʰˁˍʹˊʾˋʶʽ ˇˊʽˋ˃ʷ˄ʰ ˋʹ˃ʶʾʰ ˖ˌ άreference pointsέ ˁʰʽ ˉʰˊˇˍˊˏ˄ʶʽ ˍˇ˄ ˔ˊʺˋˍʹ 

˄ʰ ʶʽˋʱʴʶʽ ˍʽˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ˗ˋˍʶ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ʰˉˈ ˍˇ ʰˎʻʰʾˊʶˍˇ 

ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ˋˍˇ ɳ˂˂ʹ˄ʽˁˈ ɱʶ˖ʵʰʽˍʽˁˈ ʅˏˋˍʹ˃ʰ ɮ˄ ʰ˒ˇˊʱˌ ɳɱʅɮ Ω87. 

 
ɳʽˁˈ˄ʰ 12: ɮˉʶʽˁˈ˄ʽˋʹ ˋʹ˃ʶʾ˖˄ ʰ˄ʰ˒ˇˊʱˌ ˃ʷˋ˖ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ άGeoSLAM Hubέ 

ʁ ˔ˊʺˋˍʹˌ ˁʱ˄ʶʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ ˇˊʻˈˍʹˍʰˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍˇˎ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˃ʷˋ˖ ˍ˖˄ 

ʰ˄ʰ˒ˇˊ˗˄ ̄ ˇˎ ʶˉʽˋˍˊʷ˒ˇ˄ˍʰʽ ʰˉˈ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˋˍˇ˄ ˔ˊʺˋˍʹ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰ 

ʰˉˈ ˍˇ ʰˎʻʰʾˊʶˍˇ ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ˋˍˇ ɳɱʅɮ Ωут ˃ʶ ˃ʷˋˇ ˍʶˍˊʰʴ˖˄ʽˁˈ ˋ˒ʱ˂˃ʰ RMS ̱ ʹˌ ˍʱ˅ʹˌ ˍ˖˄ 

ʶˉˍʱ όтύ ʶˁʰˍˇˋˍ˗˄Φ 
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ɳʽˁˈ˄ʰ 13: Report ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍˇˎ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˍˇˎ {[!a ˋˍˇ ˋˏˋˍʹ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ɳɱʅɮ 
87 

  



 

37 
 

5. ɼɮʆɳʇɸʇɿʆɶʄɹɳʅ ɱʄɮɾɾɳʅ ɱɹɮ ʆɶɿ ɳʃɳʀɳʄɱɮʅɹɮ ɼɮɹ ɮɿɮɽʇʅɶ ʆʄɹʅɲɹɮʅʆɮʆʍɿ 

ɲɳɲʁɾɳɿʍɿ (ɿɳʊʁʇʅ ʅɶɾɳɹʍɿύ ɱɹɮ ʆɶɿ ɳʀɮɱʍɱɶ ʃɽɶʄʁʊʁʄɹʍɿ ʅʋɳʆɹɼʍɿ ɾɳ ʆɶ 

ɰɹʁʃʁɹɼɹɽʁʆɶʆɮ 

5.1 ɲʽʰ˔ʶʾˊʽˋʹΣ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ ˇˊʴʱ˄˖ˋʹ ˕ʹ˒ʽʰˁ˗˄ ʰˊ˔ʶʾ˖˄ 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ UAV, Laser Scanner ˁʰʽ SLAM ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʰ GNSS ʵʶʵˇ˃ʷ˄ʰ όRINEX) ˉˇˎ 

ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˋˍˇ ˉʶʵʾˇ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉˊʷˉʶ̔ ˄ʰ ʶ˅ʰ˔ʻˇˏ˄ ʰˉˈ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ˁʰʽ ˄ʰ ʰˉˇʻʹˁʶˎˍˇˏ˄ 

˃ʶ ˁʰˍʱ˂˂ʹ˂ʹ ˇˊʴʱ˄˖ˋʹ ˋʶ ʰˋ˒ʰ˂ʺ ˍˇˉˇʻʶˋʾʰΦ 

ɰʷʲʰʽʰ ʰˎˍʺ ʹ ʵʽʰʵʽˁʰˋʾʰ ˋˍʹ˄ ˇˎˋʾʰ ˅ʶˁʽ˄ʱʶʽ ʰˉˈ ˍˇ ˋˍʱʵʽˇ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˋˍˇ ˉʶʵʾˇΦ ɳˉʶʽʵʺ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˁʱʻʶ ˃ʷˊʰ ˋˎ˂˂ʷʴˇ˄ˍʰ ̔ˋˍˇ ˉʶʵʾˇ ʶʾ˄ʰʽ ˉʱ˄ˍˇˍʶ ˉʱˊʰ ˉˇ˂˂ʱΣ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʰ ʹ 

˃ʶˍʰ˒ˇˊʱ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ ˍʷ˂ˇˌ ˁʱʻʶ ʹ˃ʷˊʰˌ ʰˉˈ ˍʽˌ ʶˉʽ˃ʷˊˇˎˌ ˁʱˊˍʶˌ ˃˄ʺ˃ʹˌ ˋˍˇˎˌ ˒ˇˊʹˍˇˏˌ 

ˎˉˇ˂ˇʴʽˋˍʷˌ ˍʹˌ ˇ˃ʱʵʰˌ ̄ ʶʵʾˇΦˎ ʁ ˍˊˈˉˇˌ ˉˇˎ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ʶʾ˄ʰʽ ʰ˄ʱ ˉʶˊʽˇ˔ʺ όplot) 

ˁʰʽ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ʰ ˁʰʽ ˃ʹ όsynthetic data & non synthetic data). 

 
ɳʽˁˈ˄ʰ 14: ʁˊʴʱ˄˖ˋʹ ɲʶʵˇ˃ʷ˄˖˄ 

O ˒ ʱˁʶ˂ˇˌ άNon-Synthetic_Dataέ ̄ʁ ˊʽʷ˔ʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰ˄ʶˉʶ˅ʷˊʴʰˋˍʰ ˁʰʽ ˋ˔ʶˍʽˁʱ ʰˍʰ˅ʽ˄ˈ˃ʹˍʰ ˋˍˇ 

ʶˋ˖ˍʶˊʽˁˈ ˍˇˎΦ ɮ˄ˍʾʻʶˍʰΣ ˋˍˇ˄ ˒ʱˁʶ˂ˇ άSynthetic_DataέΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˔˖ˊʾʸˇ˄ˍʰʽ ʰ˄ʱ ˉʶˊʽˇ˔ʺ όplot) 

ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ʷ˅˖ ʰˉˈ ˍˇˎˌ ˒ʰˁʷ˂ˇˎˌ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ʰˊ˔ʶʾˇ ˍʹˌ ˃ˇˊ˒ʺˌ  άΦbinέ ̄̌ ˎ 

ʶ˃ˉʶˊʽʷ˔ʶʽ ˈ˂ʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʴʶ˖ʰ˄ʰ˒ʶˊ˃ʷ˄ʰ ˁʰʽ ˋˎ˄ʵˎʰˋ˃ʷ˄ʰΦ 
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ɳʽˁˈ˄ʰ 15: ɲʽʰ˔˖ˊʽˋ˃ˈˌ ˉʶˊʽˇ˔˗˄ ˁʰʽ ˉˊˇˋʻʺˁʹ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˍˏˉ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ɼʱʻʶ ˒ʱˁʶ˂ˇˌ ˍʹˌ ˁʱʻʶ ˎˉˇˉʶˊʽˇ˔ʺˌ ˉʶˊʽʷ˔ʶʽ ˍʰ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʾʰ ʵʶʵˇ˃ʷ˄ʰ ˔˖ˊʽˋ˃ʷ˄ʰ ˋʶ 

ʵʶʵˇ˃ʷ˄ʰ ˒˖ˍˇʴˊʰ˃˃ʶˍˊʾʰˌ ˁʰʽ ˋʶ LiDAR ʵʶʵˇ˃ʷ˄ʰΣ ˍʰ ʶˉʾʴʶʽʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍˇ SLAM ˋˏˋˍʹ˃ʰ 

(Simultaneous Localisation And Mapping) ˁ ʰʻ˗ˌ ˁʰʽ ˍʰ ˈˊʽʰ ˍʹˌ ˁʱʻʶ ˉʶˊʽˇ˔ʺˌ ˋʶ ˃ˇˊ˒ʺ άΦshpέ ̄̌ ˎ 

ʶʾ˄ʰʽ ʹ ˃ˇˊ˒ʺ Shapefile. 

 
ɳʽˁˈ˄ʰ 16: ʆˏˉˇʽ ɲʶʵˇ˃ʷ˄˖˄ ˋʶ ˁʱʻʶ άplotέ 

ɶ ˇˊʴʱ˄˖ˋʹ ʰˎˍʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʵʶ˄ ʶʾ˄ʰʽ ˍˈˋˇ ʰˎˍˇ˄ˈʹˍʹ ʵʽʰʵʽˁʰˋʾʰ ˈˋˇ ˒ʰʾ˄ʶˍʰʽΦ ʂˍʰ˄ 

ʲˊʾˋˁʶˍʰʽ ˁʱˉˇʽˇˌ ˋˍˇ ˉʶʵʾˇ ˎˉˈ ˍʹ˄ ˉʾʶˋʹ ˍˇˎ ˔ˊˈ˄ˇˎΣ ˁʰʽ ʶʽʵʽˁʱ ˈˍʰ˄ ʵˇˎ˂ʶˏˇˎ˄ ˉʰˊʱ˂˂ʹ˂ʰ 

ˉˇ˂˂ʰˉ˂ʱ ˋˎ˄ʶˊʴʶʾʰΣ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ˋˇʲʰˊʺ ˉˊˇʶˍˇʽ˃ʰˋʾʰ ʰˉˈ ˍˇ ʴˊʰ˒ʶʾˇ ˃ʶ ˁˇʽ˄ʱ ʷ˄ˍˎˉʰ ˗ˋˍʶ 

˄ʰ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˍʰ ˉʱ˄ˍʰ ˃ʶ ˁˇʽ˄ʷˌ ˇ˄ˇ˃ʰˋʾʶˌ ˁʰʽ ˁ˖ʵʽˁˇˏˌΦ ʁʽ ˃ʶˍˊʺˋʶʽˌ ʶʾ˄ʰʽ ̄ ʱˊʰ ˉˇ˂˂ʷˌ ˁʰʽ ˇʽ 

ˋʹ˃ʶʽ˗ˋʶʽˌ ˍˇˎˌ ʰˁˈ˃ʰ ˉʶˊʽˋˋˈˍʶˊʶˌ ˁ ʰʽ ˋˎ˄ʺʻ˖ˌ ʲʽʰˋˍʽˁʱ ʴˊʰ˃˃ʷ˄ʶˌΦ  
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ɳʽˁˈ˄ʰ 17: ɼˊˇˁʾ ˃ʶˍˊʺˋʶ˖˄ ˉʶʵʾˇˎ 

ɱʽʰ ˄ʰ ˃ʹ ˔ʰʻʶʾ ˍʾˉˇˍʰ ʺ ˄ʰ ˃ʹ˄ ˎˉʱˊ˅ʶʽ ˁʱˉˇʽʰ ʰˋʱ˒ʶʽʰ ˋˍʹ˄ ˇˊʴʱ˄˖ˋʹ  ́̌ ˃ʱʵʰ ˉʶʵʾˇˎ ˍʰ˅ʽ˄ˇ˃ʶʾ 

ˁʱʻʶ ʰˊ˔ʶʾˇ ˁʰʽ ʷʴʴˊʰ˒ˇ ˈˋˇ ˉʽˇ ʴˊʺʴˇˊʰ ʺˍʰ˄ ʶ˒ʽˁˍˈ ˃ʶˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄Φ ʂˉˇˎ 

ˎˉʺˊ˔ʶ ʰˋˎ˃˒˖˄ʾʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰˊ˔ʶʾ˖˄Σ ʴʾ˄ʶˍʰʽ ʶˉʰ˄ʷ˂ʶʴ˔ˇˌ ˁʰʽ ʵʽˈˊʻ˖ˋʹ ˍ˖˄ ˇ˄ˇ˃ʰˋʽ˗˄ ˇˏˍ˖ˌ 

˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ˈ˂ʰ ˁˇʽ˄ʱΦ ʆʷ˂ˇˌ, ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˉ˖ˌ ʰˉʰʽˍʶʾˍʰʽ ˋˁ˂ʹˊˈˌ ʵʾˋˁˇˌ ˃ʶʴɦ˂ ʹˌ 

˔˖ˊ̱́ʽˁˈˍʹˍʰˌ ʴʽʰ ˄ʰ ʰˉˇʻʹˁʶˎˍˇˏ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˃ʱ˂ʽˋˍʰ ʶˉʰˊˁʶʾ ˇˊʽʰˁʱΦ ʅˎ˄ʶˉ˗ˌ ˍˇ ˁ˂ʶʽʵʾ 

ʴʽʰ ˍʹ˄ ʶˉʽˍˎ˔ʺ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ˉˊˇ˄ˇʹˍʽˁˈˍʹˍʰΣ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍʹ˄ 

ˉˊˇˋʶˁˍʽˁʺ ˇˊʴʱ˄˖ˋʹΦ 

5.2 ɲʹ˃ʽˇˎˊʴʾʰ ʶ˄ʽʰʾ˖˄ ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ 

ɳ˄ ʰʷˊʽʰ ˁʰʽ ʶˉʾʴʶʽʰ ʵʶʵˇ˃ʷ˄ʰ ̀ ˎ˂˂ʷʴˇ˄ˍʰʽ ˃ ʶ ˋˍˈ˔ˇ ˄ʰ ʴʾ˄ʶʽ ˋˎʴ˔˗˄ʶˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˎˍ˗˄ ˁʰʽ 

˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˍˊʽˋʵʽʱˋˍʰˍʰ ˃ˇ˄ˍʷ˂ʰ ό˕ʹ˒ʽʰˁʱ ʵʾʵˎ˃ʰύ ʴʽʰ ˍʽˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ˂ʷˍʹˌΦ 

ɲʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʷ˔ʶʽ ˉˊˇʹʴʹʻʶʾ ʹ ʶˊʴʰˋʾʰ ˍʹˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍʹˌ ˁʱʻʶ ˉʹʴʺˌ ʵʶʵˇ˃ʷ˄˖˄ ˅ʶ˔˖ˊʽˋˍʱ ˁʰʽ 

ʷ˔ˇˎ˄ ˉˊˇˁˏ˕ʶʽ ˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄ ʰˉˈ ˍʽˌ ʶˉʽ˃ʷˊˇˎˌ ʶˉʽ˂ˏˋʶʽˌ ˍˇ ʶˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇ ʶʾ˄ʰʽ ʹ ˋˎʴ˔˗˄ʶˎˋʹ 

ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˎˍ˗˄Φ ʅʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ˉˊʷˉʶʽ ˄ ʰ ʴʾ˄ʶʽ ʶˉʽ˂ˇʴʺ ʶ˄ˈˌ ˂ˇʴʽˋ˃ʽˁˇˏ ʽˁʰ˄ˇˏ ˄ʰ ʵʶ˔ʻʶʾ 

ˍʰ ʶˉʽ˃ʷˊˇˎˌ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ˁʰˍʱ˂˂ʹ˂ʹ ˃ˇˊ˒ʺ όˋˎ˄ʺʻ˖ˌ .E57 ˁʰʽ Φlas) ˗ˋˍʶ ˄ʰ ˃ˉˇˊʷˋˇˎ˄ ˄ʰ 

ˋˎ˄ʵˎʰˋˍˇˏ˄ ˁʰˍʱ˂˂ʹ˂ʰΦ 

ɾˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ /ƭƻǳŘ /ƻƳǇŀǊŜ ʴʽʰ ˍʹ ˋˎʴ˔˗˄ʶˎˋʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˁʰʻ˗ˌ 

ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʶˎʷ˂ʽˁˍˇ ˁʰʽ ʽˋ˔ˎˊˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 

ʵʽʱ˒ˇˊʶˌ ˉʹʴʷˌΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ƭŀǎŜǊ ǎŎŀƴƴŜǊǎ ˁʰʽ ˍ˖˄ LiDAR. ɾʶˊʽˁʱ ʰˉˈ ˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ /ƭƻǳŘ Compare: 

Á ɳˉʶ˅ʶˊʴʰˋʾʰ ˁʰʽ ɮ˄ʱ˂ˎˋʹ ɲʶʵˇ˃ʷ˄˖˄Υ ʆˇ /ƭƻǳŘ /ƻƳǇŀǊŜ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰ˄ʰˁʰˍʰˋˁʶˎʺ 
ʶˉʽ˒ʱ˄ʶʽʰˌΣ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˋˍʰˍʽˋˍʽˁ˗˄Σ ˍʹ˄ ʶ˄ˇˉˇʾʹˋʹ ˁʰʽ ˍʹ˄ ʶˎʻˎʴˊʱ˃˃ʽˋʹ ˋʹ˃ʶʾ˖˄Σ ˁʰʻ˗ˌ 
ˁʰʽ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Φ ɮˎˍˈ ʶˉʽˍˊʷˉʶʽ ˋˍˇ˄ ˔ˊʺˋˍʹ ˄ʰ ʶˁˍʶ˂ʷˋʶʽ ʵʽʱ˒ˇˊʶˌ 
ʶˊʴʰˋʾʶˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʰˁˊʾʲʶʽʰ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰΦ 
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Á ʁˉˍʽˁˇˉˇʾʹˋʹ ɲʶʵˇ˃ʷ˄˖˄Υ ʆˇ /ƭƻǳŘ /ƻƳǇŀǊŜ ˉʰˊʷ˔ʶʽ ˉˊˇʹʴ˃ʷ˄ʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ 
ˇˉˍʽˁˇˉˇʾʹˋʹˌ ˉˇˎ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɾʶ ˍʹ ˔ˊʺˋʹ 
ʴˊʰ˒ʽˁ˗˄ ˉʰˊʰˋˍʱˋʶ˖˄ ˁʰʽ ʶˊʴʰ˂ʶʾ˖˄ ʰˉʶʽˁˈ˄ʽˋʹˌΣ ˇ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʶˊʶˎ˄ʺˋʶʽ ˁʰʽ 
˄ʰ ʰ˄ʰ˂ˏˋʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˃ʶ ʶˎˁˇ˂ʾʰΦ 

Á ɮ˄ˇʽ˔ˍˇˏ ɼ˗ʵʽˁʰΥ ʍˌ ˂ˇʴʽˋ˃ʽˁˈ ʰ˄ˇʽ˔ˍˇˏ ˁ˗ʵʽˁʰΣ ˍˇ /ƭƻǳŘ /ƻƳǇŀǊŜ ʶʾ˄ʰʽ ʶ˂ʶˏʻʶˊˇ ˄ʰ 
˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ ˄ʰ ˉˊˇˋʰˊ˃ˇˋˍʶʾ ʰˉˈ ˍʹ˄ ˁˇʽ˄ˈˍʹˍʰ ˍ˖˄ ˔ˊʹˋˍ˗˄ ˍˇˎΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ 
ˇʽ ˔ˊʺˋˍʶˌ ʷ˔ˇˎ˄ ˉˊˈˋʲʰˋʹ ˋˍˇ˄ ˉʹʴʰʾˇ ˁ˗ʵʽˁʰ ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˍˇ ˉˊˇˋʰˊ˃ˈˋˇˎ˄ ˋˏ˃˒˖˄ʰ 
˃ʶ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍˇˎˌΦ 

ʆ ̌Cloud /ƻƳǇŀǊŜ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʽˋ˔ˎˊˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍˇˎˌ ʶˉʰʴʴʶ˂˃ʰˍʾʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ƭŀǎŜǊ 

ǎŎŀƴƴŜǊǎ ˁʰʽ LiDARΣ ˉʰˊʷ˔ˇ˄ˍʰˌ ˍˇˎˌ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍˇˏ˄Σ ˄ʰ ʰ˄ʰ˂ˏˋˇˎ˄ ˁʰʽ ˄ʰ 

ˇˉˍʽˁˇˉˇʽʺˋˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎˌ ˃ʶ ʰˁˊʾʲʶʽʰ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰΦ  

 
ɳʽˁˈ˄ʰ 18: ʅˎʴˁʷ˄ˍˊ˖ˋʹ ˈ˂˖˄ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˃ʶ˂ʷˍʹˌ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ "Cloud Compare" 

ʁ ˍˊˈˉˇˌ ˉˇˎ ʴʾ˄ʶˍʰʽ ʹ ˋˎʴ˔˗˄ʶˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˃ʷˋ˖ ˍʹˌ ʴʶ˖ʰ˄ʰ˒ˇˊʱˌ ˍˇˎˌΦ ɶ 

ʶˊʶˎ˄ʹˍʽˁʺ ˇ˃ʱʵʰ ˒ˊ̌˄ˍʾʸʶʽ ˄ʰ ˉʰˊʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʰ ʻʷˋʹˌ ʴʽʰ ˈ˂ʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ˁˇʽ˄ˈ ˋˏˋˍʹ˃ʰ 

ʰ˄ʰ˒ˇˊʱˌ όɳ˂˂ʹ˄ʽˁˈ ɱʶ˖ʵʰʽˍʽˁˈ ʅˏˋˍʹ˃ʰ ɮ˄ʰ˒ˇˊʱˌ ς ɳɱʅɮ ΩутύΦ 

ɼʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˉˊʷˉʶʽ ̱ ʰ ʵʽʱ˒ˇˊʰ ʵʶʵˇ˃ʷ˄ʰ ˄ʰ ˍˇˉˇʻʶˍʹʻˇˏ˄ ˋ˖ˋˍʱ ˍˇ ˔˗ˊˇ ˋ˖ˋˍʱ ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰ: 
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ɳʽˁˈ˄ʰ 19: ʅˎ˄ʵˎʰˋ˃ˈˌ ʵʶʵˇ˃ʷ˄˖˄Φ ɲʶʵˇ˃ʷ˄ʰ {[!a (ɾˉ˂ʶ ˔ˊ˗˃ʰύΦ ɲʶʵˇ˃ʷ˄ʰ h ˉˈ ʶ˄ʰʷˊʽˇ LiDAR όˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰύ 

ʍˋˍˈˋˇ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˍʰ ˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ˄ 

SLAM ʰʽˋʻʹˍʺˊʰΣ ʶ˄˗ ʰ˄ ˁʱˉˇʽˇˌ ˍʰ ˉʰˊʰˍʹˊˇˏˋʶ ˃ˈ˄ʰ ˍˇˎˌ ˒ʰʽ˄ˈˍʰ˄ ˋ˖ˋˍʱΣ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ 

ˋˎ˄ʵˎʰˋ˃ˇˏ ˍˇˎˌ ˃ʶ ˍʰ ˎˉˈ˂ˇʽˉʰ ʵʶʵˇ˃ʷ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ h ˋˎ˃˒˖˄ʾʶˌ όʵʽˉ˂ʱ ʶʾʵ˖˂ʰΣ ʶˋ˖ˍʶˊʽˁʱ 

ˋ˒ʱ˂˃ʰˍʰ ˍˊˇ˔ʽʱˌΣ ʻˈˊˎʲˇ ˁ˂ˉΦ). 

 
ɳʽˁˈ˄ʰ 20: ʃˊˇʲ˂ʹ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ {[!a ˃ʶ ʴˁˊʽ ˔ˊ˗˃ʰ όʰˊʽˋˍʶˊʱύ ˁʰʽ ʵʽˇˊʻ˖˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ {[!a ˃ʶ ˕ʶˎʵˇ˔ˊ˗˃ʰ 
όʵʶ˅ʽʱύ ˋʶ ˋˎʵˎʰˋ˃ˈ ˃ʶ ʶ˄ʰʷˊʽʰ ʷʴ˔ˊ˖˃ʰ ʵʶʵˇ˃ʷ˄ʰ LiDAR όˁʰʽ ˋˍʽˌ ʵˏˇ ˒˖ˍˇʴˊʰ˒ʾʶˌύ 

ɮˎˍˈ ʵʹ˃ʽˇˎˊʴʶʾ ˍʹ˄ ʰ˄ʱʴˁʹ ʶˉʰ˄ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ˄ SLAM 

ʰʽˋʻʹˍʺˊʰ ˃ʷˋ˖ ʶʽʵʽˁˇˏ ˂ˇʴʽˋ˃ʽˁˇˏ. ɼʰˍʱ ˍʹ˄ ʶˉʰ˄ʶˉʶ˅ʶˊʴʰˋʾʰ SLAMΣ ˇ ˉˊ˖ˍʰˊ˔ʽˁˈˌ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ 

ʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ʰ˂ʴˇˊʽʻ˃ʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ ɮˎˍˈ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ˂ʶˉˍˇ˃ʶˊʺ ˊˏʻ˃ʽˋʹ ˍ˖˄ 

ʰ˂ʴˇˊʾʻ˃˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˁʰʽ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈΦ ɾʶ ˍʹ ˋˎˋˍʹ˃ʰˍʽˁʺ 

ˉˊˇˋʰˊ˃ˇʴʺ ʰˎˍ˗˄ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄Σ ʹ ʶˉʰ˄ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍˇ˔ʶˏʶʽ ˄ʰ ˃ʶˍˊʽʱˋʶʽ ˍˇ˄ ʰ˄ˍʾˁˍˎˉˇ ˍ˖˄ 

˕ʶˎʵ˗˄ ˃ʶˍˊʺˋʶ˖˄Σ ˄ʰ ʶ˄ʽˋ˔ˏˋʶʽ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʰ˅ʽˇˉʽˋˍʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˍʶ˂ʽˁʱ ˄ʰ ʰˉˇ˒ʷˊʶʽ 
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ˉʽˇ ˇˊʻʱ ˁʰʽ ʰˁˊʽʲʺ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ʁʽ ʰˊ˔ʽˁʷˌ ʰˋˍˇ˔ʾʶˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍˇ ʷ˄ˍˇ˄ˇ ʰ˄ʱʴ˂ˎ˒ˇ ˉˇˎ 

ˉˊʰˁˍʽˁʱ ʵʹ˃ʽˇˎˊʴʶʾ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍˇ ʰʵˊʰ˄ʶʽʰˁˈ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ʰ˄ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˇ ˔ˊʺˋˍʹˌ 

ʷˁʰ˄ʶ ˁʱˉˇʽʰ ʰˉˈˍˇ˃ʹ ˁʾ˄ʹˋʹ ʴʽʰ ˄ʰ ʵʽʰˍʹˊʺˋʶʽ ˍʹ˄ ʽˋˇˊˊˇˉʾʰ ˍˇˎ ˋˍˇ ˉʶʵʾˇΣ ʰˎˍʺ ʹ ˁʾ˄ʹˋʹ ˃ˉˇˊʶʾ 

˄ʰ ʺˍʰ˄ ʹ ʰˊ˔ʺ ʶ˄ˈˌ ˋˎˋˍʹ˃ʰˍʽˁˇˏ ˋ˒ʱ˂˃ʰˍˇˌ ˋˍʹ˄ ˍˊˇ˔ʽʱ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˋˍˇ˄ ˔˗ˊˇΦ ɴ˄ʰˌ ʰˁˈ˃ʹ 

ˉʰˊʱʴˇ˄ˍʰˌ ʶʾ˄ʰʽ ˍˇ ˇˉˍʽˁˈ ˉʶʵʾˇ ʶ˄ˍˈˌ ˍˇˎ ʵʱˋˇˎˌΦ ʁˊʽˋ˃ʷ˄ʶˌ ˒ˇˊʷˌ ˇ ˔ˊʺˋˍʹˌ ʰ˄ʰʴˁʱʸʶˍʰʽ ˄ʰ 

ˉʶˊʱˋʶʽ ˃ʰʸʾ ˃ʶ ˍˇ˄ ʰʽˋʻʹˍʺˊʰ SLAM h ˉˈ ˋˍʶ˄ʷˌ ˉʶˊʽˇ˔ʷˌ ʶ˄ˍˈˌ ˍˇˎ ʵʱˋˇˎˌ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˇ LiDAR 

ʰʽˋʻʹˍʺˊʰˌ ˄ʰ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˁʰʻ˗ˌ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˋʹ˃ʶʾ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ʁ ˁʶʾ˄ʹ ˍʹ 

ˋˍʽʴ˃ʺ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ h ˊˁʶˍˈˌ ʴʽʰ ˄ʰ ˋˎ˄ʵˎʱˋʶʽ ˍʰ ʶˉʽ˃ʷˊˇˎˌ άframesέ ɻʁ ʵˇ˃ʷ˄˖˄Φ 

ʁˎˋʽʰˋˍʽˁʱΣ ʹ ʶˉʰ˄-ɦʶˉʶ˅ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ʶˏʶʽ ˖ˌ ˋˍˊʰˍʹʴʽˁʺ ˉʰˊʷ˃ʲʰˋʹ ʴʽʰ ˍʹ˄ ˎˉʷˊʲʰˋʹ ˍ˖˄ 

ˉʶˊʽˇˊʽˋ˃˗˄ ˉˇˎ ˍʾʻʶ˄ˍʰʽ ʰˉˈ ˍʽˌ ʵˏˋˁˇ˂ʶˌ ˋˎ˄ʻʺˁʶˌ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ ˁˈˋ˃ˇˎΦ ɳʾ˄ʰʽ ˃ʽʰ 

ˉˊˇ˂ʹˉˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ h ˉˈʵˇˋʹˌ ˃ʶ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ˉˊˇˋʰˊ˃ˇʴʺ ʰ˂ʴˇˊʽʻ˃ʽˁ˗˄ 

ˉʰˊʰ˃ʷˍˊ˖˄Σ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ˄ ˉˊˇˋʰˊ˃ˇˋˍʽˁˈˍʹˍʱ ˍˇˎˌ ˋʶ ˉˇʽˁʾ˂ʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˋʶ˄ʱˊʽʰ ˁʰʽ 

ʶ˄ ˍʷ˂ʶʽ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˄ʰ ʵʹ˃ʽˇˎˊʴʶʾ ʰˁˊʽʲʶʾˌ ˁʰʽ ʰ˅ʽˈˉʽˋˍˇˎˌ ˔ʱˊˍʶˌ 

ʴʽʰ ˉ˂ˇʺʴʹˋʹ ˁʰʽ ʶ˄ˍˇˉʽˋ˃ˈΦ 

 
ɳʽˁˈ˄ʰ 21: όмύ ʁˊʻʱ ʵʶʵˇ˃ʷ˄ʰ ʶ˄ʰʷˊʽˇˎ LiDAR, (2) ʁˊʻʱ ʵʶʵˇ˃ʷ˄ʰ ʶ˄ʰʷˊʽˇˎ LiDAR ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˉˊˇʲ˂ʹ˃ʰˍʽˁʱ 
ʵʶʵˇ˃ʷ˄ʰ {[!a, (3) ʁˊʻʱ ʵʶʵˇ˃ʷ˄ʰ ʶ˄ʰʷˊʽˇˎ LiDAR ˃ʶ ʵʽˇˊʻ˖˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ {[!a 

  

1 2 3 



 

43 
 

5.3 ɳ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋ˔ʶˍʽˁʺˌ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ h ˉˈ ˍˊ̔̀ʵʽʱˋˍʰˍʰ ʵʶʵˇ˃ʷ˄ h

ɱ̔ ʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽ̌ˏ ˄ˍʰʽ ʶˉʾʴʶʽˇ ̔ˁʰʽ ʶ˄ʶˊʴʹˍʽˁˇ ʾˋʰˊ˖ˍʷˌ 

ˁʰʽ ˉ˂ʰˍ˒ˈˊ˃ʶˌΥ 

Á ɳˉʾʴʶʽˇˎˌ ˁʽ˄ʹˍˇˏˌ ˋʰˊ˖ˍʷˌ ˃ʶ ʶ˄ʶˊʴʹˍʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌ LiDAR ˉˇˎ ˎˉˇˋˍʹˊʾʸˇˎ˄ 
ˋˏʴ˔ˊˇ˄ʶˌ ˃ʶʻˈʵˇˎˌ ʆʰˎˍˈ˔ˊˇ˄ʹˌ ɮ˄ʾ˔˄ʶˎˋʹˌ ˁʰʽ ɲʹ˃ʽˇˎˊʴʾʰˌ ʋʱˊˍʹ όSimultaneous 
Localization and Mapping - SLAM)  

Á ɳˉʾʴʶʽˇˎˌ ˋˍʰˍʽˁˇˏˌ ˋʰˊ˖ˍʷˌ ˃ʶ ʶ˄ʶˊʴʹˍʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌ LiDAR (Terrestrial Laser Scanning 
- TLS),  

Á ɮʶˊˇ˃ʶˍʰ˒ʶˊˈ˃ʶ˄ˇˎˌ ʶ˄ʶˊʴʹˍʽˁˇˏˌ ʰʽˋʻʹˍʺˊʶˌ LiDAR ˋʶ ˉ˂ʰˍ˒ˈˊ˃ʰ ˃ʹ ʵʽʰˁʰˍʶ˔ˈ˃ʶ˄ˇˎ 
ʶ˄ʰʷˊʽˇˎ ˇ˔ʺ˃ʰˍˇˌ όUnoccupied Air Vehicle - UAV) UAV -LiDARΣ ˁʰʽΣ  

Á ʁˉˍʽˁˈ ʰʽˋʻʹˍʺˊʰ ˍʹ˂ʶˉʽˋˁˈˉʹˋʹˌ ˋʶ ˉ˂ʰˍ˒ˈˊ˃ʰ ˃ʹ ʵʽʰˁʰˍʶ˔ˈ˃ʶ˄ˇˎ ʶ˄ʰʷˊʽˇˎ ˇ˔ʺ˃ʰˍˇˌ - 
UAV camera. 

ɼʱʻʶ ˃ʾʰ ʰˉˈ ʰˎˍʷˌ ˍʽˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˉˊˇˋ˒ʷˊʶʽ ˃ˇ˄ʰʵʽˁʱ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ʰˁˊʾʲʶʽʰΣ 

ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˋˎ˂˂ˇʴʺˌ ʵʶʵˇ˃ʷ˄˖˄Σ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˁʰʽ ˂ʶˉˍˇ˃ʶˊʺ 

˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍ˖˄ ʵʰˋʽˁ˗˄ ʶˁˍʱˋʶ˖˄Φ 

ɶ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰˁˊʽʻʶʾ ˋʶ ʵˏˇ ʲʰˋʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌΥ ʰύ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ 

˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ˍˊ˖˄ όIndividual Tree Detectionύ ˁʰʽ ʲύ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʲʱˋʹ ˉʶˊʽˇ˔ʺˌ όarea-based). 

a. ɶ h˄ʰʴ˄˗ˊʽˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ˍˊ˖˄ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ 
ʰˍˈ˃˖˄ όʵʷ˄ʵˊ˖˄ύ ˁʰʽ ˍʹ ˃ʷˍˊʹˋʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎˌ ˈˉ˖ˌ ˍˇ ˏ˕ˇˌΣ ʹ ʵʽʱ˃ʶˍˊˇˌ ˁʰʽ ˇ 
ˈʴˁˇˌ ˍˇˎˌ Σ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˃ʽʰ ʱ˃ʶˋʹ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ ʶˉʽˍˈˉʽʶˌ ˃ʶˍˊʺˋʶʽˌ ˉʶʵʾˇˎ όʷ˄ʰ-ˉˊˇˌ-
ʷ˄ʰύΦ ɮˎˍʺ ʹ ˉˊˇˋʷʴʴʽˋʹ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˍʹ ˂ʶˉˍˇ˃ʶˊʺ ˃ʶ˂ʷˍʹ ˍʹˌ ʵˇ˃ʺˌ ˍʹˌ 
ʲ˂ʱˋˍʹˋʹˌ ˁʰʽ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ʵʷ˄ˍˊ˖˄ ˋʶ ˃ʽʰ ʵʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁʺ ˉʶˊʽˇ˔ʺΦ ʆʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʺ ˍʹˌ ˃ʶʻˈʵˇˎ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ˍʽˌ ʶˉʽˍˈˉʽʶˌ ˃ʶˍˊʺˋʶʽˌ ˉʶʵʾˇˎ ʴʽʰ ˍʹ˄ 
ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌΦ  

b. ɶ h˄ʱ˂ˎˋʹ ʲʱˋʹ ˉʶˊʽˇ˔ʺˌ ʵʹ˃ʽˇˎˊʴʶʾ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋʶ ˃ˇˊ˒ʺ ˕ʹ˒ʽʵ˖ˍ˗˄ όrasterύΣ ˍʰ 
ˇˉˇʾʰ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄Φ ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ 
ʶ˅ʰʴ˖ʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˈˉ˖ˌ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌΣ ʹ ˁʱ˂ˎ˕ʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ʹ 
ʲʽˇ˃ʱʸʰ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌΦ ɶ ˔ˊʺˋʹ ˍ˖˄ ˕ʹ˒ʽʵ˖ˍ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʵʽʶˎˁˇ˂ˏ˄ʶʽ ˍʹ 
ʵʹ˃ʽˇˎˊʴʾʰ ˔˖ˊʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˉʰˊʰˋˍʺˋˇˎ˄ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ʲ˂ʱˋˍʹˋʹˌ 
ˁʰʽ ˍʽˌ ʰ˂˂ʰʴʷˌ ˋˍˇ ʵʰˋʽˁˈ ˇʽˁˇˋˏˋˍʹ˃ʰ ˃ʶ ˎ˕ʹ˂ʺ ʰˁˊʾʲʶʽʰΦ 

ɼʰˍʱ ˉˊˇˍʶˊʰʽˈˍʹˍʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰ˄ˇʽˁˍʱ ʵʽʰʻʷˋʽ˃ʰ ˂ˇʴʽˋ˃ʽˁʱΣ ʲʽʲ˂ʽˇʻʺˁʶˌΣ ʰ˂˂ʱ ˁʰʽ ʹ 

ʰ˄ʱˉˍˎ˅ʹ ʵʽʰʵʽˁʰˋʽ˗˄ ˋʶ ˁ˗ʵʽˁʰ ˁʰˍʱ˂˂ʹ˂ʹˌ ʴ˂˗ˋˋʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ όˉ˔Φ PythonύΣ ˍʰ ˇˉˇʾʰ 

ʵˏ˄ʰˍʰʽ ˄ʰ ʶˉʽˍˊʷ˕ˇˎ˄ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˁʰʽ ʶˉʰ˄ʱ˂ʹ˕ʹ ˍ˖˄ ˊˇ˗˄ ʶˊʴʰˋʾʰˌ ˁʰʽ ˋʶ ʱ˂˂ʶˌ 

ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄ʶˌ ˉʶˊʽˇ˔ʷˌΦ 

ʆʷ˂ˇˌΣ ˍˇ˄ʾʸʶˍʰʽ ˈˍʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˍʹˌ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ˁʰʽ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʷ˔ˇ˄ˍʰˌ 

˖ˌ ʴ˄˗˃ˇ˄ʰ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍ˖˄ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˉʰˊˈ˃ˇʽ˖˄ ˍʶ˔˄ˇ˂ˇʴʽˁ˗˄ 

ʶˊʴʰ˂ʶʾ˖˄ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ˔ʶˊˋʰʾ˖˄ ˉʶˊʽˇ˔˗˄Φ 
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5.3.1 ɳ˅ʰʴ˖ʴʺ ̄ ˂ʹˊˇ˒ˇˊʾʰˌ ʲʱˋʹ ˃ʽʰˌ ˉˊˇˋʷʴʴʽˋʹˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ʵˊ˖˄ 

(Individual Tree Detection - ITD) 

ɶ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˍ˖˄ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ʵˊ˖˄ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʵʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁ˗˄ 

ʶˉʽ˒ʰ˄ʶʽ˗˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˎ˄ʵˎʰˋˍʽˁʱ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˈˋˇ ˍ˖˄ ʶ˂ʶˏʻʶˊ˖˄ ʵʽʰʻʷˋʽ˃˖˄ 

ʲʽʲ˂ʽˇʻʹˁ˗˄ όˉ˔Φ LAStoolsύΣ ˈˋˇ ˁʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ʶ˂ʶˏʻʶˊ˖˄ ˂ˇʴʽˋ˃ʽˁ˗˄ ˈˉ˖ˌ ˍˇ оD Forest ˁʰʽ 

3D FinΣ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ scripts ˁ ˗ʵʽˁʰ ˋʶ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁʺ ʴ˂˗ˋˋʰ python. 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ SLAM ̄ ʰˊ̫̝ ˇˎ˄ ʰˁˊʽʲʶʾˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˁʰʽ ˍʹ ʵˇ˃ʺ ˍ˖˄ 

˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ˍˊ˖˄Σ ʷ˔ˇ˄ˍʰˌ ˖ˌ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍʹ ˋ˔ʶˍʽˁʱ ˉʽˇ ʴˊʺʴˇˊʹ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ 

ʵʽʰʵʽˁʰˋʾʰˌ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˋˍˇ ˉʶʵʾˇΣ ʶ˄˗ ˍʰ ʵʶʵˇ˃ʷ˄ʰ TLS ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˖ˌ ˉˊˇˌ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 

ʲʶ˂ˍʾ˖ˋʹˌ ˍˇˎ ˉ˂ʺʻˇˎˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˁʰʽ ˋˎ˄ʶʽˋ˒ˇˊʱ ˋˍʹ ˃ʷˍˊʹˋʹ ˍ˖˄ ʵʽʰ˃ʷˍˊ˖˄ ˁʰʽ ˍ˖˄ ˈʴˁ˖˄ 

ˍ˖˄ ˁˇˊ˃˗˄ όʰ˄ ˁʰʽ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˔ˊˇ˄ʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌύΦ ɶ ʶ˄ˇˉˇʾʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

SLAM ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ UAV-LiDAR ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʰˁˊʽʲ˗˄ ˁʰʽ ˂ʶˉˍˇ˃ʶˊ˗˄ ˍˊʽˋʵʽʱˋˍʰˍ˖˄ 

˃ˇ˄ˍʷ˂˖˄ ˍˇˎ ʵʰˋʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˎ˕ʹ˂ʺ ˉʽˋˍˈˍʹˍʰ ˋˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˍˈˋˇ ˍʹˌ 

ˁʰˍʰˁˈˊˎ˒ʹˌ ˈˋˇ ˁʰʽ ˍʹˌ ˇˊʽʸˈ˄ˍʽʰˌ ʵʽʱˋˍʰˋʹˌ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌΦ ʁ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʵˏˇ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ 

ʶˉʽ̫˒ˊʶʽ ʁ ˅ʰʽˊʶˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˁʰ˂ˏˉˍˇ˄ˍʰˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˍʽˌ ʶ˂˂ʶʾ˕ʶʽˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶ ̱̔ ˇ 

UAV-LiDAR ̀ ˍʽˌ ˁˈ˃ʶˌ ˍ˖˄ ʵʷ˄ˍˊ˖˄Φ ʆˇ ʶˉʾʴʶʽˇ SLAMΣ ʰ˄ ˁʰʽ ˉʶˊʽˇˊʾʸʶˍʰʽ h ˉˈ ˍʹ˄ ˉˎˁ˄ʺ ˒ˎ˂˂˖ˋʽʱΣ 

ˉʰˊ̫̝ ʶʽ ˉˇ˂ˏˍʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʽˌ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˋˍˊ˗ˋʶʽˌΣ ˋˎ˃ˉ˂ʹˊ˗˄ˇ˄ˍʰˌ ʷˍˋʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 

ˉˊˇˁˏ ˉˍˇˎ˄ ʰˉˈ ˍʽˌ ʶ˄ʰʷˊʽʶˌ ˂ʺ˕ʶʽˌΦ ɮˎˍʺ ʹ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ʵʽʶˎˁˇ˂ˏ˄ʶʽ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ 

ˋʹ˃ʰ˄ˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ 

ʶˉʽˍˈˉʽʶˌ ˃ʶˍˊʺˋʶʽˌ ˉʶʵʾˇˎΣ ˉʰˊʷ˔ˇ˄ˍʰˌ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʶʽˁˈ˄ʰ ˍʹˌ ʵˇ˃ʺˌ ˁʰʽ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ 

ˍˇˎ ʵʰˋʽˁˇˏ ˇʽˁˇˋˎˋˍʺ˃ʰˍˇˌΦ 

5.3.1.1 ɸʷˋʹ ˁ ʰʽ ʰˊʽʻ˃ˈˌ ʰˍˈ˃˖˄ 

ɶ ʻʷˋʹ ˍˇˎ ʵʷ˄ˍˊˇˎ ˋˍʽˌ ζˉʰˊʰʵˇˋʽʰˁʷˌη ʰˉˇʴˊʰ˒ʷˌ ˉʶʵʾˇˎ ˄ˇʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˖ˌ ʹ ʻʷˋʹ ˍˇˎ 

ˁʷ˄ˍˊˇˎ ˍʹˌ ʲʱˋʹˌ ˍˇˎ ʵʷ˄ˍˊˇˎ ˁʰʽ ʰˎˍʺ ʹ ˉˊˇˋʷʴʴʽˋʹ ˎʽˇʻʶˍʶʾˍʰʽ ˁʰʽ ˋʶ ˂ˇʴʽˋ˃ʽˁʱ ˈˉ˖ˌ ˍˇ оD 

Forest ό˂ʶˎˁʺ ˋ˒ʰʾˊʰ ˋˍˇ ʅ˔ʺ˃ʰ оʰ -ʲ˂Φ Error! Reference source not found.ύΦ ɾˉˇˊˇˏ˄ ˄ʰ 

ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ʵˏˇ ˃ʷʻˇʵˇʽ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍʹˌ ʻʷˋʹˌ ˍˇˎ ʵʷ˄ˍˊˇˎ όTrochta et alΦ нлмтύΣ ˈˉ˖ˌ 

ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Υ 

ɶ ̄́ ˗ˍʹ ˃ʷʻˇʵˇˌ ̝ ˊʹˋʽ˃ˇˉˇʽʶʾ ˈ˂ʰ ˍʰ ˋʹ˃ʶʾʰ ˃ʷ˔ˊʽ ʷ˄ʰ ˁʰʻˇˊʽˋ˃ʷ˄ˇ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ ˏ˕ˇˌ όˉΦ˔Φ ˋˍˇ 

3D Forest ʹ ˉˊˇʶˉʽ˂ˇʴʺ ʶʾ˄ʰʽ сл cmύ ˉʱ˄˖ ʰˉˈ ˍˇ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˋʹ˃ʶʾˇ ˍˇˎ ʵʷ˄ˍˊˇˎ ˁʰʽ ˎˉˇ˂ˇʴʾʸʶʽ 

ˍʽˌ ʵʽʱ˃ʶˋʶˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ X ˁʰʽ YΦ ɶ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʹ Z ˇˊʾʸʶˍʰʽ ˖ˌ ʹ ʵʽʱ˃ʶˋʹ ˍʽ˃ʺ Z ˍ˖˄ όɿύ 

όˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʹ ˍʽ˃ʺ ʶʾ˄ʰʽ ɿҐрύ ˉ˂ʹˋʽʷˋˍʶˊ˖˄ ˋʹ˃ʶʾ˖˄ ˍˇˎ ʶʵʱ˒ˇˎˌ ˋʶ ʰˎˍʺ ˍʹ ʻʷˋʹ X, Y.  

ɶ ɻʁ ˏˍʶˊʹ ˃ʷʻˇʵˇˌ ̝ ˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ ˍˎ˔ʰʾˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ Hough (Randomized Hough Transform 

- RHTύ ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˁˏˁ˂˖˄ ˋʶ ˋʹ˃ʶʾʰ ʵʷ˄ˍˊ˖˄ ˋʶ ˏ˕ˇˌ мΣо m ˁʰʽ лΣср m ˉʱ˄˖ ʰˉˈ ˍˇ 

˔ʰ˃ʹ˂ˈˍʶˊˇ ˋʹ˃ʶʾˇ ˍˇˎ ˄ʷ˒ˇˎˌ ʵʷ˄ˍˊ˖˄Φ ɶ ʻʷˋʹ ˍˇˎ ʵʷ˄ˍˊˇˎ ˇˊʾʸʶˍʰʽ ˖ˌ ʹ ˍˇ˃ʺ ˍˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌ 

ˉˇˎ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ʰˉˈ ˍʰ ˁʷ˄ˍˊʰ ˍ˖˄ ʵˏˇ ʶˁˍʽ˃˗˃ʶ˄˖˄ ˁˏˁ˂˖˄ ˃ʶ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ DTM (Trochta 

et al. 2017). 
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ɳʽˁˈ˄ʰ 22Υ ɳ˅ʰʴ˖ʴʺ ˁʰʽ ˇˉˍʽˁˇˉˇʾʹˋʹ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˍ˖˄ ʵʷ˄ˍˊ˖˄ ʰˉˈ ʷ˄ʰ ʶ˄ʽʰʾˇ ˄ʷ˒ˇˌ ʵʷ˄ˍˊ˖˄Φ όŀύ ˇˉˍʽˁˇˉˇʾʹˋʹ ˍ˖˄ 
ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ ʵʷ˄ˍˊˇˎΥ /.I-ˏ˕ˇˌ ʲʱˋʹˌ ˁˈ˃ʹˌΣ /I-ˏ˕ˇˌ ˁˈ˃ʹˌΣ /¢I-ˇ˂ʽˁˈ ˏ˕ˇˌ ˁˈ˃ʹˌΣ /[-˃ʺˁˇˌ ˁˈ˃ʹˌΣ /²-ˉ˂ʱˍˇˌ 
ˁˇˊˎ˒ʺˌΣ //-ˁʶ˄ˍˊˇʶʽʵʷˌ ˁˈ˃˄ʹˌΣ 5.I-ˋˍʹʻʽʰʾʰ ʵʽʱ˃ʶˍˊˇˌΣ ¢I-ˏ˕ˇˌ ʵʷ˄ˍˊˇˎΣ ˂ʶˎˁʺ ˋ˒ʰʾˊʰ-ʻʷˋʹ ʵʷ˄ˍˊˇˎ- όōύ ʵʷ˄ˍˊˇ ˃ʶ 
ˎˉˇ˂ˇʴʽˋ˃ʷ˄ʶˌ ʲʰˋʽˁʷˌ ˉʰˊʰ˃ʷˍˊˇˎˌΥ ʻʷˋʹ ό˃ˉ˂ʶ ˋ˒ʰʾˊʰύΣ 5.I όслΦ у ŎƳύΣ ¢I όˉˊʱˋʽ˄ʹ ʴˊʰ˃˃ʺ- орΣс Ƴύ ˁʰʽ ˉˊˇ˒ʾ˂ 
ˁˇˊ˃ˇˏ όˁʾˍˊʽ˄ˇʽ ˁˏ˂ʽ˄ʵˊˇʽύ- ʴύ ˁˈ˃ʹ ʵʷ˄ˍˊˇˎ ό˃ʰˏˊˇ ˄ʷ˒ˇˌύ ˉˇˎ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶˍʰʽ ʰˉˈ /¢I όнпΣф ƳύΣ /I όˉˊʱˋʽ˄ʹ 
ʴˊʰ˃˃ʺ- нпΣо ƳύΣ /[ όˉˊʱˋʽ˄ʹ ʴˊʰ˃˃ʺ- мпΦ с ƳύΣ /.I όммΣо ƳύΣ ˍˇ ˁʶ˄ˍˊˇʶʽʵʷˌ ˍʹˌ ˁˈ˃ʹˌ όˉˇˊˍˇˁʰ˂ʾ ˋ˒ʰʾˊʰύ ˁʰʽ ˍʹ˄ 
ʶˉʾˉʶʵʹ ˉˊˇʲˇ˂ʺ ˍˇˎ όˉˊʱˋʽ˄ʹ ˋ˒ʰʾˊʰύ ˃ʶ ˍʹ˄ ʰˉˈˋˍʰˋʹ ˁʰʽ ˍˇ ʰʸʽ˃ˇˏʻʽˇ ʰˉˈ ˍʹ ʻʷˋʹ ˍˇˎ ʵʷ˄ˍˊˇˎ- ʵύ ˍˊʽˋʵʽʱˋˍʰˍˇ 
ˁˎˊˍˈ ˉʶˊʾʲ˂ʹ˃ʰ όŎƻƴǾŜȄ Ƙǳƭƭύ ˍʹˌ ˁˈ˃ʹˌ ˃ʶ ˈʴˁˇ όнллф Ƴоύ ˁʰʽ ʶˉʽ˒ʱ˄ʶʽʰ όусс Ƴнύ ˁʰʽ ˇˊʻˇʴ˗˄ʽʰ ˉˊˇʲˇ˂ʺ ˋˍˇ ʶˉʾˉʶʵˇ 
˃ʶ ˍʹ˄ ˁʰˍʱ˂˂ʹ˂ʹ ʶˉʽ˒ʱ˄ʶʽʰ όмооΣр Ƴнύ- ʶύ ˁˇʾ˂ˇ ˉʶˊʾʲ˂ʹ˃ʰ όŎƻƴŎŀǾŜ Ƙǳƭƭύ ˍʹˌ ˁˈ˃ʹˌ ˃ʶ ˈʴˁˇ όуло Ƴоύ ˁʰʽ ʶˉʽ˒ʱ˄ʶʽʰ 
όмсмт Ƴнύ ˁʰʽ ˇˊʻˇʴ˗˄ʽʰ ˉˊˇʲˇ˂ʺ ˋˍˇ ʶˉʾˉʶʵˇ ˃ʶ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʱ ˍˇˎ όммоΣп ƳнύΦ όʃʹʴʺ ¢ǊƻŎƘǘŀ Ŝǘ ŀƭΦ нлмтύ 

5.3.1.2 ʅˍʹʻʽʰʾʰ ʵʽʱ˃ʶˍˊˇˌ 

ʇˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊˇʽ ʵʽʰʻʷˋʽ˃ˇʽ ˃ʷʻˇʵˇʽ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˋˍʹʻʽʰʾʰˌ ʵʽʰ˃ʷˍˊˇˎ όDiameter-at-

Breast Height-DBHύ ˍˇˎ ʵʷ˄ˍˊˇˎ όˁˈˁˁʽ˄ˇˌ ˁˏ˂ʽ˄ʵˊˇˌ ˋˍʹ˄ Error! Reference source not found. -ʰύ ˁʰʽ 

ʲύύΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰˎˍˈ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʶʾˍʶ ˃ʶ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˁˏˁ˂˖˄ ˃ʶ ˊˎʻ˃ʽʸˈ˃ʶ˄ˇ ʰˊʽʻ˃ˈ 

ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ʶ˄ˈˌ ˁˏˁ˂ˇˎ ˋˍˇ ˄ʷ˒ˇˌ ˋʹ˃ʶʾ˖˄ ʶʾˍʶ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ ˍ˖˄ ʶ˂ʰ˔ʾˋˍ˖˄ 

ˍʶˍˊʰʴ˗˄˖˄ ˈˉˇˎ ʴʾ˄ʶˍʰʽ ˃ʽʰ ʰ˂ʴʶʲˊʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ˁʰʽ ˃ʽʰ ˋˍʰʵʽʰˁʺ ʴʶ˖˃ʶˍˊʽˁʺ ˃ʶʾ˖ˋʹ 

ˍ˖˄ ˍʶˍˊʰʴ˖˄ʽˁ˗˄ ʰˉˇˋˍʱˋʶ˖˄ ʰˉˈ ʷ˄ʰ˄ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ˇ ˁˏˁ˂ˇΦ ɼʰʽ ˇʽ ʵˏˇ ˃ʷʻˇʵˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ 

ʷ˄ʰ ˎˉˇˋˏ˄ˇ˂ˇ ˍˇˎ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ʶ˄ˈˌ ζʶˁˍʽ˃˗˃ʶ˄ˇˎη ʵʷ˄ˍˊˇˎ - ˃ʽʰ ˇˊʽʸˈ˄ˍʽʰ ˍˇ˃ʺ ˃ʶˍʰ˅ˏ мΣнр 

ʷ˖ˌ мΣор ˃ʷˍˊ̟ ˄ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ˎˉˇ˂ˇʴʽʸˈ˃ʶ˄ʹ ʻʷˋʹ ˍˇˎ ʵʷ˄ˍˊˇˎΦ ɱʽʰ ˍʹ˄ ʶˉʽˍˎ˔ʺ ˉˊˇˋʰˊ˃ˇʴʺ ˍˇˎ 

ˁˏˁ˂ˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ п ˋʹ˃ʶʾʰ ˋʶ ʰˎˍʺ ˍʹ˄ ˍˇ˃ʺΦ ʃʶˊʰʽˍʷˊ˖ ˋʶ ˉˇ˂˂ʱ ˂ˇʴʽˋ˃ʽˁʱ όˈˉ˖ˌ 

ˍˇ о5 CƻǊŜǎǘ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋʶ ʶˉˈ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰύΣ ˎˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ʴʽʰ ˔ʶʽˊˇˁʾ˄ʹˍʹ 

ʶˉʶ˅ʶˊʴʰˋʾʰ όʵʹ˂ʰʵʺ ʹ ʶ˅ʱ˂ʶʽ˕ʹ ˈ˂˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˉˇˎ ʵʶ˄ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍˇ 5.Iύ (Trochta et 

al. 2017). 

5.3.1.3 ʈ˕ˇˌ ʵʷ˄ˍˊˇˎ 

ʆˇ ˏ˕ˇˌ ʵʷ˄ˍˊˇˎ ˇˊʾʸʶˍʰʽ ˖ˌ ʹ ʵʽʰ˒ˇˊʱ ˋˍʽˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ ɵ ˃ʶˍʰ˅ˏ ˍˇˎ ˎ˕ʹ˂ˈˍʶˊˇˎ ˋʹ˃ʶʾˇˎ ˍˇˎ 

˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˍˇˎ ʵʷ˄ˍˊˇˎ ˁʰʽ ˍʹˌ ʻʷˋʹˌ ˍʹˌ ʲʱˋʹˌ ˍˇˎ ʵʷ˄ˍˊˇˎ όˁʰˍʰˁˈˊˎ˒ʹ ʴˊʰ˃˃ʺ ˁʰʽ ʰˊʽʻ˃ˈˌ 

ˉʱ˄˖ ʰˉˈ ˍˇ ʵʷ˄ˍˊˇ ˋˍʰ ˋ˔ʺ˃ʰˍʰ ˍʹˌ Error! Reference source not found.Σ ʰύ ˁʰʽ ʲύΦ ʇˉʱˊ˔ˇˎ˄ ˁʰʽ 

ʱ˂˂ʶˌ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˃ʷʻˇʵˇʽ ˉˇˎ ˉˊˇˋʶʴʴʾʸˇˎ˄ ʶ˄˄ˇʽˇ˂ˇʴʽˁʱ ˍʹ ˃ʷˍˊʹˋʹ ˍˇˎ ˏ˕ˇˎˌ ʵʷ˄ʵˊˇˎΣ ˈˉ˖ˌ 

ʹ ʷ˄˄ˇʽʰ ˍˇˎ ζ˃ʺˁˇˌ ʵʷ˄ˍˊˇˎη ˍˇ ˇˉˇʾˇ ˋˍʹˊʾʸʶˍʰʽ ˋˍʹ ˃ ʶʴʰ˂ˏˍʶˊʹ ʶˎˁ˂ʶʾʵʶʽʰ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ʵˏˇ 

ˇˉˇʽˇʵʺˉˇˍʶ ̀ ʹ˃ʶʾ˖˄ ˍˇˎ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˍˇˎ ʵʷ˄ˍˊˇˎΦ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ʶʾ˄ʰʽ ʶˉˇ˃ʷ˄˖ˌ ˁʰˍʱ˂˂ʹ˂ʹ 
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ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˃ʺˁˇˎˌ ˁʶˁ˂ʽ˃ʷ˄˖˄ ʵʷ˄ʵˊ˖˄ ʺ ʰˁˈ˃ʹ ˁʰʽ ˍˇˎ ˃ʺˁˇˎˌ ˍˇˎ 

ˁʰˍʰˁʶʾ˃ʶ˄ˇˎ ˄ ʶˁˊˇˏ ˅ˏ˂ˇˎ (Trochta et al. 2017). 

5.3.2 ɳ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋ˔ʶˍʽˁʺˌ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ ʲʱˋʹ ˃ʽʰˌ ˉˊˇˋʷʴʴʽˋʹˌ ʲʱˋʹ 

ˉʶˊʽˇ˔ʺˌ (area-based) 

5.3.2.1 ɳˁʰˍˇˋˍʹ˃ˈˊʽʰ ˏ ˕ˇˎˌ H- Percentiles: (p-20, p-40, p-60, p-80) 

ʁʽ ˉʽˇ ˋˎ˔˄ʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʶˌ ˃ʶˍˊʺˋʶʽˌ LiDAR ̄ ˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ ˏ˕ˇˌ ˍ˖˄ ʵʷ˄ˍˊ˖˄ ʶʾ˄ʰʽ ˍʰ 

ʶˁʰˍˇˋˍʹ˃ˈˊʽʰ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎ ˏ˕ˇˎˌ ˍ˖˄ ˉʰ˂˃˗˄ ˂ʷʽʸʶˊ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʷ˄ʰ ʶˏˊˇˌ ʰˉˈ ˍˇ 

ˉˊ˗ˍˇ όIлмύ ʷ˖ˌ ˍˇ ʶ˄ʶ˄ʺ˄ˍʰ ʷ˄ʰˍˇ όIффύ ʶˁ ʰˍˇˋˍʹ˃ˈˊʽ.̌ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˃ʽʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʹ 

˃ʶˍʰʲ˂ʹˍʺ ˏ˕ˇˎˌΣ ˍʰ ʶˁʰˍˇˋˍʹ˃ˈˊʽʰ ˏ˕ˇˎˌ όI- tŜǊŎŜƴǘƛƭŜǎύ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˃ʶˍˊʺˋʶʽˌ LiDAR 

ʶʾ˄ʰʽ ˃ʽʰ ˋʶʽˊʱ ˋˍʰˍʽˋˍʽˁ˗˄ ˉʶˊʽʴˊʰ˒˗˄ ˍˇˎ ˁʰˍʰˁˈˊˎ˒ˇˎ ˉˊˇ˒ʾ˂ ˍʹˌ ˁˈ˃ʹˌ. ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍˇ 

ʶ˄ ʶ˄ʹˁˇˋˍˈ ʶˁʰˍˇˋˍʹ˃ˈˊʽˇ όI80) h ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ ˏ˕ˇˌ ˁʱˍ˖ ʰˉˈ ˍˇ ˇˉˇʾˇ ʲˊʾˋˁʶˍʰʽ ˍˇ 8л҈ ˍ˖˄ 

ʶˉʽˋˍˊˇ˒˗˄ ˍ˖˄ ˉʰ˂˃˗˄ ˂ʷʽʸʶˊ (Error! Reference source not found.). 

ʃˇ˂˂ʷˌ ˃ʶ˂ʷˍʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˃ʶˍˊʺˋʶʽˌ H - tŜǊŎŜƴǘƛƭŜǎ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ 

ʵʰˋʽˁʺˌ ʵˇ˃ʺˌ ˈˉ˖ˌ ˇ ˈʴˁˇ ̩ˁˇˊ˃ˇˏ (Maltamo et al., 2006; Nŋsset, 2004) ˁʰʽ ʹ ˎˉʷˊʴʶʽʰ ʲʽˇ˃ʱʸʰˌ 

(Wang et al., 2019). ɼʰʻ˗ˌ ʶˉʾˋʹˌ ʰˉˇʵʶʽˁ˄ˏˇˎ˄ ˍʹ˄ ʽˋ˔ˎˊʺ ˋˎˋ˔ʷˍʽˋʹ ˃ʶ ˍˇ ˏ˕ˇˎˌ ˍʹˌ ˁˈ˃ʹˌ (Zhu 

et al., 2022) ˁʰʽ ˍʹ˄ ˒ˎ˂ʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ όLeaf area index- LAI) (Qu et al., 2018)Φ ʆʰ H - Percentiles 

ˉˊˇˋ˒ʷˊˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʰˉˇˁʰ˂ˏ˕ˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˉˇ˂˂ʰˉ˂˗˄ ʶˉʽˉʷʵ˖˄ ̡ ˂ʱˋˍʹˋʹˌ ˁ ʰʽ ˈ˔ʽ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˃ˈ˄ˇ ʴʽʰ ˍʹ˄ ˁˇˊˎ˒ʺ ˍʹˌ ˁˈ˃ʹˌΣ ʰˉˇˍʶ˂˗˄ˍʰˌ ˃ʽʰ ʰˉˈ ˍʽˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʶˌ 

ˉʰˊʰ˃ʷˍˊˇˎˌ-ʵʶʾˁˍʶˌ ʴʽʰ ˍˇ˄ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍʹˌ ʵˇ˃ʺˌ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ (Qu et al., 2018). 

ʰύ ʲύ  

ʴύ ʵύ  

ɳʽˁˈ˄ʰ 23: ɳˁʰˍˇˋˍʹ˃ˈˊʽʰ ˏ˕ˇˎˌ I- Percentiles: h ύ p-20,̡ ύ p-40, ɹ ύp-60, ɻ ύp-80) 
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5.3.2.2 ʈ̞ ˇˌ ˍʹˌ ˁˈ˃ʹˌ (Canopy Height) (m) 

ʆˇ ˁʰˍʰˁˈˊˎ˒ˇ ˉˊˇ˒ʾ˂ ˍʹˌ ˁˈ˃ʹˌ ʶʾ˄ʰʽ ʷ˄ʰ ʰˉˈ ˍʰ ˃ʷˍˊʰ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹ ̩ˁʰʽ ʰ˄ʱ˂ˎˋʹ ̩ˍʹˌ 

ˉˇ˂ˏˉ˂ˇˁʹˌ ʵˇ˃ʺˌ ˍʹˌ ˁˈ˃ʹˌ ˍ˖˄ ʵʰˋ˗˄ ˁʰʽ ˍˇ˄ ˉʶˊʰʽˍʷˊ˖ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍʹˌ ˉʽʻʰ˄ʺˌ ʶˍʶˊˇʴʷ˄ʶʽʰˌ 

ˍʹˌ ˔˖ˊʽˁʺˌ ˍˇˎˌ ʵˇ˃ʺˌ (Lefsky et al., 1999; Ziemer et al., 2023). ʆ̌  ˏ˕ˇˌ ˍʹˌ ˁˈ˃ʹˌ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ 

ʵˇ˃ʽˁ ̋ˉʰˊʱ˃ʶˍˊˇ ̩ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ʱ˃ʶˋʰ ʰˉˈ ˍ ̌ˁʰˍʰˁˈˊˎ˒ ̌ˉˊˇ˒ʾ˂ 

ˍʹˌ ˁˈ˃ʹˌ. 

ʆˇ ˏ˕ˇˌ ˍʹˌ ˁˈ˃ʹˌ ʶʾ˄ʰʽ ʹ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˃ʶˍˊʽˁʺ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ LiDARΣ ˂ˈʴ˖ 

ˍʹˌ ʶˎˁˇ˂ʾʰˌ ˃ʷˍˊʹˋʹˌ ˁʰʽ ˍʹˌ ˎ˕ʹ˂ʺˌ ʰˁˊʾʲʶʽʰˌ (Coops et al., 2016)Φ ʃˇ˂˂ʷˌ ˃ʶ˂ʷˍʶˌ ʷ˔ˇˎ˄ 

ʰˉˇʵʶʾ˅ʶʽ ˍʹ ˋˎˋ˔ʷˍʽˋʹ ˍˇˎ ˏ˕ˇˎˌ ˁˈ˃ʹˌ ˃ʶ ˍʹ˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ʶʽʵ˗˄Σ ʻʹ˂ʰˋˍʽˁ˗˄ ˁʰʽ ˉˍʹ˄˗˄ 

(Coops et al., 2016). ɴ˄ʰˌ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ˉˊˇˁˏ˕ʶʽ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˏ˕ˇˎˌ ˁˈ˃ʹˌ (CHM - Canopy Height 

Model) ʁ ʾ˄ʰʽ ˄ʰ ˂ʹ˒ʻʶʾ ʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍˇˎ ˕ʹ˒ʽʰˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ʶˉʽ˒ʱ˄ʶʽʰˌ όDSM - Digital Surface 

Model)Σ ˁʰʽ ˍˇˎ ˕ʹ˒ʽʰˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ʶʵʱ˒ˇˎˌ όDTM - Digital Terrain ModelύΦʆˇ DSM ̄ ˇˎ ʶ˅ʱʴʶˍʰʽ 

ʰˉˈ ˍʰ ˋʹ˃ʶʽʰˁʱ ʵʶʵˇ˃ʷ˄ʰ LiDAR, ʁ ʾ˄ʰʽ ̫ ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˎˉʶˊˎ˕˖˃ʷ˄ʰ 

ˉʱ˄˖ ʰˉˈ ˍ ̌Ϧʴˎ˃˄ˈ ʷʵʰ˒ˇˌ" ˁʰʽ ʶ˃ˉʶˊʽʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʰ ˒ˎˋʽˁ˗˄ ˁʰʽ ˍʶ˔˄ʹˍ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ 

όˁˇˊˎ˒ʷˌ ʵʷ˄ˍˊ˖˄Σ ˁˍʽˊʾ˖˄ ˁʰʽ ʱ˂˂˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ύ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˉʱ˄˖ ˋˍˇ ʷʵʰ˒ˇˌΦ ʆˇ DTM 

ˉ́ ˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʰ ˎ˕ˇ˃ʷˍˊˇˎ ˍʹˌ ζʴˎ˃˄ʺˌη ʶˉʽ˒ʱ˄ʶʽʰˌ ˍˇˎ 

ʶʵʱ˒ˇˎˌΦ ʆˇ CHM ̄ ˇˎ ˉʰˊʱʴʶˍʰʽ ˃ʶ ˍʹ˄ ʰ˒ʰʾˊʶˋʹ ˍˇˎ 5¢a ʰˉˈ ˍˇ 5{a, h ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ ˏ˕ˇˌ 

ˍ˖˄ ʵʷ˄ˍˊ˖˄ ˁʰʽ ʵʶ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˍʽ˃ʺ ˎ˕ˇ˃ʷˍˊˇˎΣ ʰ˂˂ʱ ˇˎˋʽʰˋˍʽˁʱ ʴʽʰ ˍˇ ˏ˕ˇˌ ʺ ˍʹ˄ ʰˉˈˋˍʰˋʹ 

˃ʶˍʰ˅ˏ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˍʹˌ ˁˇˊˎ˒ʺˌ ˍ˖˄ ʵʷ˄ˍˊ˖˄ (Error! Reference source not found.). 

 
ɳʽˁˈ˄ʰ 24: ʈ˕ˇˌ ˁˈ˃ʹˌ όCanopy Height) (m) 

5.3.2.3 ʃˎˁ˄ˈˍʹˍʰ ˁˈ˃ʹˌ όCanopy Density)  

ɶ ʰ˄ʱˁˍʹˋʹ ʵˇ˃ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʵʷ˄ˍˊ˖˄ ˁʰʽ ʵʰˋ˗˄ ʰˉˈ ʵʶʵˇ˃ʷ˄ʰ LiDAR ʷ˔ʶʽ ʶˉʽˁʶ˄ˍˊ˖ʻʶʾ 

ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˋˍʹ ˔ˊʺˋʹ ˃ˇ˄ˍʷ˂˖˄ ˏ˕ˇˎˌ ˁˈ˃ʹˌΣ ʰ˂˂ʱ ʰˎˍʱ ʷ˔ˇˎ˄ ʰˉˇʵʶʽ˔ʻʶʾ ˃ˈ˄ˇ ʶ˄ ˃ʷˊʶʽ 

˔ˊʺˋʽ˃ hʴʽʰ ˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˁʰʽ ˍʹ˄ ʰˉˈʵˇˋʹ ʵˇ˃ʺˌ ˋʶ ˉˇ˂ˏˉ˂ˇˁʰΣ ʵʰˋʽˁʱ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰ (Lee 

and Lucas, 2007). ɶ ˉˎˁ˄ˈˍʹˍʰ ˍʹˌ ˁˈ˃ʹˌ ˉˊˇˋ˒ʷˊʶʽ ʶˉʽˉ˂ʷˇ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ 

ˁʰˍʰˁˈˊˎ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ˁˎˊʾʰˊ˔ʹˌ ʲ˂ʱˋˍʹˋʹˌ ˉ˔ ˁˎˊʾʰˊ˔ʰ ʵʷ˄ˍˊʰ ˋˍˇ ɻɦ ˋˇˌΣ ˍʹˌ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˁʰʽ ˍ˖˄ ˇʽˁˇ˂ˇʴʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ (Ziemer et al., 2023).  

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ́  ̄ ˎˁ˄ˈˍʹˍʰ ˁ ˈ˃ʹˌ ˃ ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ˖  ̩̱ ˇ ˉˇˋˇˋˍˈ ˍ˖˄ ˉˊ˗ˍ˖˄ ʶˉʽˋˍˊˇ˒˗˄ 

˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍˇ ˁʰˍ˗ˍʶˊˇ ˈˊʽˇ ˏ˕ˇˎˌ 3m ˉʱ˄˖ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ. ʆˇ ˈˊʽˇ ˏ˕ˇˎˌ 3m 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ɹ ʽʰ ˍʹ˄ ʶ˅ʱ˂ʶʽ˕ʹ ˍ˖˄ ʶˉʽˋˍˊˇ˒˗˄ ʰˉˈ ˉˇ˗ʵʹ ˁʰʽ ʻʰ˃˄˗ʵʹ ˁʱ˂ˎ˕ʹΦ ʆˇ h ˉˇˍʷ˂ʶˋ˃ʰ 
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ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʶʽˁˈ˄ʰ όraster), ˃ʶ ʶˏˊˇˌ ˍʽ˃˗˄ м-мллΣ ˇʽ ˇˉˇʾʶˌ ˇˎˋʽʰˋˍʽˁʱ ʵʶʾ˔˄ˇˎ˄ ˍˇ ˉˇˋˇˋˍˈ 

ʶʵʱ˒ˇˎˌ ˉˇˎ ˁ ʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ˍʹ˄ ˁˈ˃ʹ ˍʹˌ ʲ˂ʱˋˍʹˋʹ (Error! Reference source not found.).  

 
ɳʽˁˈ˄ʰ 25: ʃˎˁ˄ˈˍʹˍʰ ˁˈ˃ʹˌ ό/ŀƴƻǇȅ 5Ŝƴǎƛǘȅύ ό҈ύ 

5.3.2.4 ɮˋˎ˃˃ʶˍˊʾʰ όSkewness) ˁ ʰʽ ɼˏˊˍ˖ˋʹ όYǳǊǘƻǎƛǎύ 

ɶ ʰ̀ˎ ˃˃ʶˍˊʾʰ ό{ƪŜǿƴŜǎǎύ ˁʰʽ ʹ ˁˏˊˍ˖ˋʹ όYǳǊǘƻǎƛǎύ ʶʾ˄ʰʽ ʵˎˇ ˉʰˊʱ˃ʶˍˊˇʽ ˋ˔ʺ˃ʰˍˇˌ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ 

ˍ˖˄ ˋʹ˃ʶʾ˖˄ LiDAR ˏ˕ˇˎˌ ˍʹˌ ˁˈ˃ʹˌ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋˍʶ˄ʱ ˃ʶ ˍʽˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˈʴˁˇ ˎˁʰʽ ˍʰ ʶʽʵ˗˄ 

(Frazer et al., 2011; Park, 2020) ˁ ʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˎ˔˄ʱ ˋʶ ˃ʶ˂ʷˍʶˌ ˉʶˊʽʴˊʰ˒ʺ ̩̝ ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ 

ʵˇ˃ʺˌ ʵʰˋʽˁ˗˄ ˋˎˋˍʱʵ˖˄ ˁʰʽ ˍʹˌ ˋ˔ʷˋʹˌ ˏ˕ˇˎˌ ˁʰʽ ʵʽʰ˃ʷˍˊˇˎ (Abreu Neto et al., 2021; Spracklen 

and Spracklen, 2021)ɶ ʰ̀ ˎ˃˃ʶˍˊʾʰ (Skewness) ʁ ʾ˄ʰʽ ʷ˄ʰ ˃ʷˍˊˇ ʴʽʰ ˍ ̌ʲʰʻ˃ˈ ˋˎ˃˃ʶˍˊʾʰˌ ˁʰˍʰ˄ˇ˃ʺ 

ˉˎˁ˄ˈˍʹˍʰˌ ̱ ˇˎ ˄ ʷ˒ˇˎ̩ ̀ ʹ˃ʶʾ˖˄ ˁ ʰʽ ɻ ʶʾ˔˄ʶʽ ̱ ʹ˄ ˁ ʰˍʶˏʻˎ˄ˋʹ ̱ ʹˌ h ˉˈˁ˂ʽˋʹˌ h ˉˈ ̱  ̌̌ ˄ˇ˃ʰˋˍʽˁˈ ˏ ˕ˇˌ 

ˍ˖˄ ˋʹ˃ʶʾ˖˄ LAS. ʁʽ ˍʽ˃ʷˌ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˃ʷˍˊˇ ˍʹˌ ʰˋˎ˃˃ʶˍˊʾʰˌ όError! Reference source not 

found.ύ ʶʾ˄ʰʽΥ 

Á Skewness <0 ̍ ˉˇˎ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˏ˕ˇˎˌ ʶʾ˄ʰʽ ˂ˇ˅ʺ ˉʱ˄˖ ʰˉˈ ˍˇ ˃ʷˋˇ ʶˉʾˉʶʵˇ 

Á Skewness =0 ˈˉˇˎ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˏ˕ˇˎˌ όˁˇˊˎ˒ʷˌ ˁʰʽ ˁˇʽ˂ˈˍʹˍʶˌύ ʶʾ˄ʰʽ ˋˎ˃˃ʶˍˊʽˁʺ ʴˏˊ˖ 
ʰˉˈ ˍˇ ˃ʷˋˇ ʶˉʾˉʶʵˇ 

Á Skewness Ҕл ˈˉˇˎ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˏ˕ˇˎˌ ʶʾ˄ʰʽ ˂ˇ˅ʺ ˁʱˍ˖ ʰˉˈ ˍˇ ˃ʷˋˇ ʶˉʾˉʶʵˇ 

ɶ ˁˏ ˊˍ˖ˋʹ όYǳǊǘƻǎƛǎύ ʶʾ˄ʰʽ ʷ˄ʰ ˃ʷˍˊˇ ʁ ˎˁˊʾ˄ʶʽʰ ̩̱ ʹˌ ˃ʶˍʰʲˇ˂ʺˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ LiDAR ˁ ʰʽ ˔ʰˊʰˁˍʹˊʾʸʶʽ 

ˍʹ˄ ˁˏˊˍ˖ˋʹ ˍʹˌ ˁʰ˃ˉˏ˂ʹˌ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎˌ. ʁʽ ˍʽ˃ʷˌ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ̱ ˇ ˃ʷˍˊˇ ˍʹˌ ˁˏˊˍ˖ˋʹˌ (Error! 

Reference source not found.) ʁ ʾ˄ʰʽ: 

Á Kurtosis <3: ɶ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶʾ˄ʰʽ ˂ˇ˅ʺ ˉʱ˄˖ ʰˉˈ ˍˇ ˃ʷˋˇ ʶˉʾˉʶʵˇ (ʹ ˁʰˍʰ˄ˇ˃ʺ 
ʶʾ˄ʰʽ ˉ˂ʰˍˏˁˎˊˍʹ) 

Á Kurtosis ҐоΥ ɶ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʁ ʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʺ 

Á Kurtosis ҔоΥ ɶ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶʾ˄ʰʽ ˂ʶˉˍˈˁˎˊˍʹ 
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ʰύ ʲύ  
ɳʽˁˈ˄ʰ 26:  h ύ ɮˋˎ˃˃ʶˍˊʾʰ ό{ƪŜǿƴŜǎǎύ ʲύ ɼˏˊˍ˖ˋʹ όYǳǊǘƻǎƛǎύ 

5.3.2.5 ɲʶʾˁˍʹˌ ˁʱʻʶˍʹˌ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ Vertical Complexity Index (VCI) 

ʁ ɻ ʶʾˁˍʹˌ ˁ ʱʻʶˍʹˌ ̄ ˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ (Vertical Complexity Index ς VCI) ̡ ʰˋʾʸʶˍʰʽ ̀ ˍˇ˄ ɻ ʶʾˁˍʹ Shannon 

(Shannon, 1948). ʅˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ˇʽˁˇ˂ˇʴʾʰˌΣ ˇ ʵʶʾˁˍʹˌ ʰˎˍˈˌ ʷ˔ʶʽ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ 

ˉˇˋˇˍʽˁˇˉˇʾʹˋʹ ˍʹˌ ˉˇʽˁʽ˂ˇ˃ˇˊ˒ʾʰˌ ˁʰʽ ˍʹˌ ˇ˃ˇʽˇ˃ˇˊ˒ʾʰˌ (evennessύ ˍ˖˄ ʶʽʵ˗˄Φ ɮˎˍʺ ʹ ʷ˄˄ˇʽʰ ˍʹˌ 

ˇ˃ˇʽˇ˃ˇˊ˒ʾʰˌ ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˁʰʽ ˋˍˇ ˍˊʽˋʵʽʱˋˍʰˍˇ ˄ʷ˒ˇˌ ˋʹ˃ʶʾ˖˄ LiDAR, ʴʽʰ ˍʹ˄ 

ˉˇˋˇˍʽˁˇˉˇʾʹˋʹ ˍʹ̩ ˁʰˍʰˁˈˊˎ˒ʹ ̩ ˁʰˍʰ˄ˇ˃ʺ ̩ ˍˇˎ ˄ʷ˒ˇˎˌ όʵʹ˂ʰʵʺΣ ʶʱ˄ ˍʰ ˋʹ˃ʶʾʰ ʶʾ˄ʰʽ 

ˋˎʴˁʶ˄ˍˊ˖˃ʷ˄ʰ ˋʶ ʶˉʾˉʶʵʰ ʺ ˉʽˇ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ˋʶ ˈ˂ˇ ˍˇ ˄ʷ˒ˇˌ ˋʹ˃ʶʾ˖˄ύΦ ʅˍʹ 

ˋˎ˄ʷ˔ʶʽʰΣ ʰˎˍʺ ʹ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸʶʽ ˍʽˌ ʵˇ˃ʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ 

ʵʱˋˇˎˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʰˉˈ ˍʰ ʴʶ˄ʽˁʶˎ˃ʷ˄ʰ ˋˍʱʵʽʰ ʰ˄ʱˉˍˎ˅ʹˌ ˍʹˌ ˋˎˋˍʱʵʰˌ (Miller, 1997; van 

Ewijk et al., 2011). 

ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ, ˇ ±/L (Error! Reference source not found.) ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʴʽʰ ˄ʰ ˉʶˊʽʴˊʱ˕ʶʽ ˍʹ˄ 

ˇ˃ʰ˂ˈˍʹˍʰ ˍʹˌ ˁʰˍʰˁˈˊˎ˒ʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˋʶ ˈ˂ˇ ˍˇ ʶˉʾˉʶʵˇ ̱ ʹˌ ˁˈ˃ʹˌ (Bruggisser et al., 

2019)Φ ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ±/LΣ ˍˇ ˄ʷ˒ˇˌ ˋʹ˃ʶʾ˖˄ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ʵˇ˃ʺ ǾƻȄŜƭ ˁʰʽ ˇʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ 

ˍˇˎ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˃ʶʽ˗˄ˇ˄ˍʰʽ ˃ʶ ˍʹ ˋˏ˄ˇ˕ʹ ˍ˖˄ ʰˊʽʻ˃˗˄ ˋʹ˃ʶʾ˖˄ ʰ˄ʱ ǾƻȄŜƭΦ ʆˇ ʶˏˊˇˌ ˍʽ˃˗˄ VCI 

ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ 0 ʷ˖ˌ мΣ ˈˉˇˎ ±/LҐм ˋʹ˃ʰʾ˄ʶʽ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˋʶ ˈ˂ˇ ˍˇ ˏ˕ˇˌ 

ˍʹˌ ˁˈ˃ʹˌ ˁʰʽ ˃ʽˁˊˈˍʶˊʶˌ ˍʽ˃ʷˌ ʵʹ˂˗˄ˇˎ˄ ˃ʽʰ ˈ˂ˇ ˁʰʽ ˉʽˇ ʱ˄ʽˋʹ ˁʰˍʰ˄ˇ˃ʺ (Bruggisser et al., 2019; 

van Ewijk et al., 2011). 

 
ɳʽˁˈ˄ʰ 27Υ ɲʶʾˁˍʹˌ ˁʱʻʶˍʹˌ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ Vertical Complexity Index 
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5.4 ɽˇʴʽˋ˃ʽˁʱ ˉˇˎ ˃ ˉˇˊ̌˄ˏ  ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʹ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ʰˉˈ ʶˉʾʴʶʽʰ ˁʰʽ ʶ˄ʰʷˊʽʰ ˍˊʻʵʵʶʵˇ˃ʷ˄ʰ ˄ ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄  

ɴ˔ˇ˄ˍʰˌ ʶˉʽˍˎ˔˗ˌ ˋˎ˄ʵˎʱˋʶʽ ˍʰ ʶ˄ʰʷˊʽʰ ˃ʶ ˍʰ ʶˉʾʴʶʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ̫ ˄ʰ ʰ˅ʽˈˉʽˋˍˇ 

˕ʹ˒ʽʰˁˈ ʵʾʵˎ˃ˇ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˃ʶ˂ʷˍʹˌΦ To ̱ ʶ˂ʽˁˈ ˋˍʱʵʽˇ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˎˍ˗˄ ˋʶ ˉʰˁʷˍʰ ˂ˇʴʽˋ˃ʽˁ˗˄ ʽˁʰ˄ʱ ˄ʰ ˉʰˊʷ˔ˇˎ˄ 

˔ˊʺˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰΦ ɾʶˍʱ ʰˉˈ ʶˁˍʶˍʰ˃ʷ˄ʹ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʷˊʶˎ˄ʰ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˉʽˇ 

ˁʰˍʱ˂˂ʹ˂˖˄Σ ʰ˂˂ʱ ˁʰʽ ʶ˂ʶˏʻʶˊ˖˄ ˉˊˇˌ ˔ˊʺˋʹ ˂ˇʴʽˋ˃ʽˁ˗˄ ˁʰʽ ʲʽʲ˂ʽˇʻʹˁ˗˄Σ ʵʽʰˉʽˋˍ˗ʻʹˁʶ ˈˍʽ ˋʶ 

ʰˊ˔ʽˁˈ ˋˍʱʵʽˇ ˍʹˌ ˉˊˇ-ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˁˍʶˍʰ˃ʷ˄ʰ ʰ˂ʴˈˊʽʻ˃ˇʽ ˍʹˌ 

ʲʽʲ˂ʽˇʻʺˁʹˌ Lastools ˋˎ˄ʵˎʰˋˍʽˁʱ ˃ʶ ʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ CloudCompareΣ ʰ˂˂ʱ 

ˁʰʽ ʰ˄ʱˉˍˎ˅ʹ ˁ˗ʵʽˁʰ ˋʶ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ python ˃ʶ ˔ˊʺˋʽ˃ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ʴʽʰ ˍʹ 

ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˍʽ˃˗˄Φ ʍˋˍˈˋˇΣ ˍʰ ˂ˇʴʽˋ˃ʽˁʱ ˉˇˎ ʶˉʾˋʹˌ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˁˍʶˍʰ˃ʷ˄ʰ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˔ˊʺˋʽ˃˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ̀ ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ, 

ˈˉ˖ˌ ʹ ʻʷˋʹΣ ˍˇ ˏ˕ˇˌ ˁʰʽ ʹ ˋˍʹʻʽʰʾʰ ʵʽʱ˃ʶˍˊˇˌ ˍˇˎ ˁʱʻʶ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˎ ʵʷ˄ʵˊˇˎ ʁ ʾ˄ʰʽ ˍˇ ζ3D Forestη 

ˁʰʽ ˍˇ ζ3D Finη ˁʰʽ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʰˎˍʺ ʵʶ˄ ʶʾ˄ʰʽ ˃ʽʰ ʶ˅ʰ˄̱˂ ʹˍʽˁʺ 

ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˂ˇʴʽˋ˃ʽˁ˗˄ ˉˇˎ ˃ ˉˇ́̌ ˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ɹʺ ˉʰˊʰ˃ʷˍˊ˖˄ ˋ˔ʶˍʽˁʱ 

˃ʶ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ ʰ˂˂ʱ ˃ʱ˂˂ˇ˄ ˃ʽʰ ʶ˄ʵʶʽˁˍʽˁʺ ʰˉˇˍˏˉ˖ˋʹ ˍ˖˄ ʶˉʽ˂ˇʴ˗˄ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˉˇˎ 

˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˇ ˔ˊʺˋˍʹˌ, ˍʹˌ ˊˇʺˌ ʶˊʴʰˋʽ˗˄Σ ʰ˂˂ʱ ˁʰʽ ʷ˄ʰ ʷ˄ʰˎˋ˃ʰ ʴʽʰ ˉʶˊʰʽˍʷˊ˖ ʰ˄ʰʸʺˍʹˋʹ 

˃ʶʻˈʵ˖˄ h ˄ʱ˂ˎˋʹˌΦ 

5.4.1 ɰ̔ ʲ˂ʽˇʻʺˁʹ LAStools  

ɳʾ ˄ʰʽ ʷ˄ ʰ ˋˏ˄ˇ˂ˇ ʶˊʴʰ˂ʶʾ˖˄κʰ˂ʴˇˊʾʻ˃˖˄ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ LiDAR ˉˇˎ 

ˋˎ˂˂ʷʴˇ˄ˍʰʽ ʰˉˈ ˍˇˎˌ ʵʽʱ˒ˇˊʶˌ ʰʽˋʻʹˍʺˊʶˌ ʶʾ˄ʰʽ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ [AStools. ɼˏˊʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ ʰˉˇˍʶ˂ˇˏ˄Υ ʰύ ʹ ˉˊˇʶˍˇʽ˃ʰˋʾʰ ˁʰʽ ˇ ˁʰʻʰˊʽˋ˃ˈˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ό˄ʷ˒ʹ ˋʹ˃ʶʾ˖˄) 

ʰˉˈ ʻˈˊˎʲˇ όˉ˔Φ lascleanύ ˁʰʽ ˇˊʴʱ˄˖ˋʹ ˍˇˎˌ ˃ʶ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˔˖ˊʽˁ˗˄ ʵʶʽˁˍ˗˄ ʴʽʰ ʴˊʹʴˇˊˈˍʶˊʹ 

ʶˉʶ˅ʶˊʴʰˋʾʰ (lasindex)Σ ʲύ ʹ ˉʰˊʰʴ˖ʴʺ ˎ˕ˇ˃ʶˍˊʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ʶʵʱ˒ˇˎˌ όDTM)Σ ʴύ ʹ ˃ʶˍʰˍˊˇˉʺ ˁʰʽ 

ˋˎ˃ˉʾʶˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʵʽʱ˒ˇˊʶˌ ˃ˇˊ˒ʷˌ όˉ˔Φ las, laz)Σ ˉˇˎ ʶ˅ˇʽˁˇ˄ˇ˃ʶʾ ˔˗ˊˇ ˔˖ˊʾˌ ʰˉ˗˂ʶʽʰ 

ˉˇʽˈˍʹˍʰˌΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˁʰʽ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺΦ ʃʽˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʁ ˊʴʰ˂ʶʾʰ ʴʽʰ ˍˇ˄ ˁʰʻʰˊʽˋ˃ˈ ˍˇˎ ʻˇˊˏʲˇˎΣ ʴʽʰ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˍˇˎ 

ʶʵʱ˒ˇˎˌ ʰˉˈ ˍʹ ʲ˂ʱˋˍʹˋʹΣ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˏ˕ˇˎˌ ʵʷ˄ʵˊ˖˄ ʰˉˈ ˍˇ ʰ˄ʰʴ˄˖ˊʽˋ˃ʷ˄ˇ ʷʵʰ˒ˇˌ ˁʰʽ ˍʹ˄ 

ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˈˉ˖ˌ ʹ ˉˎˁ˄ˈˍʹˍʰ ʲ˂ʱˋˍʹˋʹˌΦ 

5.4.2 ɱ˂ ˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Python 

ɲ̔ ʱ˒ˇˊʰ ˍ˃ʺ˃ʰˍʰ ˁ˗ʵʽˁʰ ˋʶ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Python, ˃ ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˉˍˎ˔ʻˇˏ ˄˃ ʶ ̀ˁ ˇˉˈ 

ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˍˏˉ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˋˍʰˍʽˋˍʽˁ˗˄ ˁʰʽ ʰ˄ʰ˂ˎˍʽˁ˗˄ 

˃ʶˍˊʽˁ˗˄Φ ʅˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ̄ ˇʽˁʾ˂ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˁʰʽ ʲʽʲ˂ʽˇʻʺˁʶˌ όˉ˔Φ numpy, 

pandas, shapely, rasterioύ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʰ˄ʱʴ˄˖ˋʹΣ ˇˊʴʱ˄˖ˋʹ ˁʰʽ ˉˊˇʶˍˇʽ˃ʰˋʾʰ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˉˊˇˌ ʰ˄ʱ˂ˎˋʹΦ ɶ ʶˉʶ˅ʶˊʴʰˋʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʲʺ˃ʰˍʰ ˈˉ˖ˌ ˍˇ˄ ˁʰʻʰˊʽˋ˃ˈ ˁʰʽ ˍʹ 

˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʶ˅ʰʴ˖ʴʺ ˁˊʾˋʽ˃˖˄ ˃ʶˍˊʽˁ˗˄ ˈˉ˖ˌ 

ʹ ˃ʷˋʹ ˍʽ˃ʺΣ ʹ ʵʽʰˁˏ˃ʰ˄ˋʹΣ ˁʰʽ ʱ˂˂ˇʽ ʵʶʾˁˍʶˌ ˉˇˎ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɳˉʽˉ˂ʷˇ˄Σ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˁʰˍʱ˂˂ʹ˂ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ ˋˏʴˁˊʽˋʹ 

ˍ˖˄ ʶ˅ʰʴˈ˃ʶ˄˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʶ ˍʰ ˋˎ˂˂ʶ˔ʻʷ˄ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉʶʵʾˇˎΣ ʴʽʰ ˄ʰ ʰ˅ʽˇ˂ˇʴʹʻʶʾ ʹ ʰˁˊʾʲʶʽʰ 

https://lastools.github.io/
https://www.danielgm.net/cc/
https://www.3dforest.eu/
https://github.com/3DFin/3DFin
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ˍˇˎˌΦ ɾʶ ˍʹ ˔ˊʺˋʹ ˉˊˇ˔˖ˊʹ˃ʷ˄˖˄ ʲʽʲ˂ʽˇʻʹˁ˗˄Σ ˈˉ˖ˌ NumPy, Pandas, Shapely, Rasterio, Matplotlib 

ʴʾ˄ʶˍʰʽ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʵʽʰ˒ˇˊ˗˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄˖˄ ˁʰʽ ˉʰˊʰˍʹˊˇˏ˃ʶ˄˖˄ ˍʽ˃˗˄Σ ˁʰʻ˗ˌ ˁʰʽ ʹ 

ˉʰˊˇˎˋʾʰˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʷˋ˖ ʴˊʰ˒ʹ˃ʱˍ˖˄ ʴʽʰ ˇˉˍʽˁʺ ʰ˄ʱ˂ˎˋʹΦ ɾʶ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇΣ 

ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˍʰ ʶ˅ʰʴˈ˃ʶ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˄ʰ ʶʾ˄ʰʽ ʱ˃ʶˋʰ ʰ˅ʽˇˉˇʽʺˋʽ˃ʰΣ ʰ˅ʽˈˉʽˋˍʰ ˁʰʽ ˄ʰ ˃ˉˇˊˇˏ˄ 

˄ʰ ˎˉˇˋˍʹˊʾ˅ˇˎ˄ ˉʶˊʰʽˍʷˊ˖ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʺ ʶˉʽ˔ʶʽˊʹˋʽʰˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ 

5.4.3 ɽ̌ ʴʽˋ˃ʽˁˈ3D Forest 

ʆ̌ ˂ˇʴʽˋ˃ʽˁˈ ζ3D ForestηΣ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʶˊʴʰ˂ʶʾˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ˍʹ˄ 

ʰˉʶʽˁˈ˄ʽˋʹ LiDAR ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ʰˉˈ Laser Scanner ʰʽˋʻʹˍʺˊʶˌ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ 

ʶˁˍʾ˃ʹˋʹˌ ˁʰʽ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍhˌ ɻhˋʽˁ˗˄ ˉʶˊʽˇ˔˗˄Φ ʁ ̱̔ ʶ˔˄ˇ˂ˇʴʾʶˌ ʰˎˍʷˌ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ˉˎˁ˄˗˄ ˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ˉˇˎ ʰˉʶʽˁˇ˄ʾʸˇˎ˄ ˍʹ˄ ˍˇˉˇʴˊʰ˒ʾʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˍʹ˄ 

ˍˊʽˋʵʽʱˋˍʰˍʹ όоɲύ ɻ ˇ˃ʺ ˍˇˎ ʵʱˋˇˎˌ ˃ʶ ˉˇ˂ˏ ˎ˕ʹ˂ʺ ʰˁˊʾʲʶʽʰΦ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˂ˇʴʽˋ˃ʽˁˈ ̄ ʰˊʷ˔ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ɻ ʶʵˇ˃ʷ˄˖˄ ʰˎˍ˗˄ ˃ ʶ ˋˍˈ˔ˇ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ 

ʵˇ˃ʺ ˍˇˎ ʵʱˋˇˎˌΣ ˍʹ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍˇˎ ˅ˏ˂ˇΣˎ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʲʽˇ˃ʱʸʰˌ ˍˇˎ ʵʱˋˇˎˌΣ 

ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʰ˂˂ʰʴ˗˄ ˋˍˇ ˒ˎˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˁʰʽ ˉˇ˂˂ʱ ʱ˂˂ʰΦ 

ɶ ʰˉˇʵˇ˔ʺ ˍˇˎ ʰˉˈ ˍʹ˄ ʶˊʶˎ˄ʹˍʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ˁʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ˁʰʽ ʰˎˍˈ ˍˇ ˉʰˁʷˍˇ ˂ˇʴʽˋ˃ʽˁˇˏ 

ʶʾ˄ʰʽ ʰ˄ˇʽ˔ˍˇˏ ˁ˗ʵʽˁʰ όopen sourceύΣ ʶ˂ʶˏʻʶˊˇ ˉˊˇˌ ˔ˊʺˋʹ ˃ʶ ˃ʹʵʶ˄ʽˁˈ ˁˈˋˍˇˌΣ ˁʰʻʽˋˍʱ ˍˇ 

˂ˇʴʽˋ˃ʽˁˈ ˁʰ˂ʺ ʶˉʽ˂ˇʴʺ ʴʽʰ ˍʽˌ ʶˊʴʰˋʾʶˌ. ɾʶ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˂ˇʴʽˋ˃ʽˁˈΣ ˇ ˁʰˍʰˊˍʽˋ˃ʷ˄ˇˌ ˔ˊʺˋˍʹˌ 

ʵˏ˄ʰˍʰʽ ˄ʰ ʶ˅ʱʴʶʽ ˋˍˇ ˍʷ˂ˇˌ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʰ˄ʱ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ʵʷ˄ʵˊˇ ˋʶ ˃ʽʰ ˋˎˋˍʱʵʰ 

ʵʷ˄ʵˊ˖˄Σ ˈˉ˖ˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ̀ ˍˇˎ̩ ̄ ʰˊʰˁʱˍ˖ ̄ ʾ˄ʰˁʶˌ όʃʾ˄ʰˁʰˌ 1 ˁ ʰʽ ʃʾ˄ʰˁʰˌ 2). 

ʃʾ ˄ʰˁʰˌ 1: ʃʰˊʱ˃ʶˍˊˇʽ ˉˊˇˌ ʶ˅ʰʴ˖ʴʺ ʴʽʰ ˁʱʻʶ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ʵʷ˄ʵˊˇ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ 3D Forest 

ʃʰˊʱ˃ʶˍˊˇ ̔ɲ̫ ˄ʵˊˇˎ ʅˍˇʽ˔ʶʾʰ 

ɸʷˋʹ X, Y, Z ̀ ˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ 

ʅˍʹʻʽʰʾʰ ʵʽʱ˃ʶˍˊˇˌ/Diameter Breast Height (m) ɲʽʱ˃ʶˍˊˇˌ ʵʷ˄ʵˊˇˎ ˋʶ ˏ˕ˇˌ мΣо˃Φ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ 

ʈ˕ˇˌ/Tree Height (m) 
ɼʰˍʰˁˈˊˎ˒ʹ ʰˉˈˋˍʰˋʹ ˋʹ˃ʶʾˇˎ ʲʱˋʹˌ ˁʰʽ ˍˇˎ 
ˎ˕ʹ˂ˈˍʶˊˇˎ ˋʹ˃ʶʾˇˎ ˍˇˎ ʵʷ˄ʵˊˇˎ 

ɾʺˁˇˌ ˄ʷ˒ˇˎˌ/Cloud length (m) ɾʶʴʰ˂ˏˍʶˊʹ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ʵˏˇ ˋʹ˃ʶʾ˖˄ ˋˍˇ 
˄ʷ˒ˇˌ ˍˇˎ ʵʷ˄ʵˊˇˎ 

ɼʰ˃ˉˏ˂ʹ ˁˇˊ˃ˇˏκStem Curve ɼʷ˄ˍˊˇ ˁˇˊ˃ˇˏΣ ʵʽʱ˃ʶˍˊˇˌ ˉʱ˄˖ ʰˉˈ ˍʹ ʲʱˋʹ ˍˇˎ 
ʵʷ˄ˍˊˇˎ όлΣсрƳΣ мΣоƳΣ нƳ ˁΦ˂ˉΦύ 

ɼˎˊˍˈ ɳˉʾˉʶʵˇκ/ƻƴǾŜȄ ǇƭŀƴŀǊ ʃˇ˂ˏʴ˖˄ˇ ˃ʶ ˍˇ ˋˎ˄ˍˇ˃ˈˍʶˊˇ ˈˊʽˇ 

ɼˇʾ˂ˇ ɳˉʾˉʶʵo/Concave planar ʃˇ˂ˏʴ˖˄ˇ ˃ʶ ˍˇ ˃ʽˁˊˈˍʶˊˇ ʶ˃ʲʰʵˈ˄ 

ɮˊʽʻ˃ˈˌ ˋʹ˃ʶʾ˖˄ ʵʷ˄ˍˊˇˎ κbǳƳōŜǊ ƻŦ 
tree points 

ɮˊʽʻ˃ˈˌ ˋʹ˃ʶʾ˖˄ ʴʽʰ ʷ˄ʰ ʵʷ˄ˍˊˇ 

 

ʃʾ˄ʰˁʰˌ 2Υ ʃʰˊʱ˃ʶˍˊˇʽ ˁˈ˃ʹˌ ʴʽʰ ˁʱʻʶ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ɻ ʷ˄ʵˊˇ 

ʃʰˊʱ˃ʶˍˊˇʽ ɼˈ˃ʹˌ όCrown) ʅˍˇʽ˔ʶʾʰ 
ɼʶ˄ˍˊˇʶʽʵʷˌ/Centroid X, Y, Z ̀ ˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ 

ɸʷˋʹκPosition (m) 
ɸʷˋʹ ˃ʶ ʰˉˈˁ˂ʽˋʹ ʰˉˈ ˍʹ ʲʱˋʹ ˍˇˎ ʵʷ˄ˍˊˇˎ όʰˉˈˋˍʰˋʹΣ 
ˁʰˍʶˏʻˎ˄ˋʹύ 
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ʈ˕ˇˌ ʲʱˋʹˌ/Bottom Height (m) 
ɼʰˍʰˁˈˊˎ˒ʹ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ʻʷˋʹˌ ˍʹˌ ʲʱˋʹˌ ˍˇˎ 
ʵʷ˄ˍˊˇˎ ˁʰʽ ˍˇˎ ˏ˕ˇˎˌ ˍˇˎ ˋʹ˃ʶʾˇˎ ˈˉˇˎ ˇ ˔ʰ˃ʹ˂ˈˍʶˊˇˌ 
ʸ˖˄ˍʰ˄ˈˌ ʲˊʰ˔ʾˇ˄ʰˌ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍˇ˄ ˁˏˊʽˇ ˁˇˊ˃ˈ 

ʈ˕ˇˌκHeight (m) 
ɼʰˍʰˁˈˊˎ˒ʹ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍˇˎ ˁʰˍ˗ˍʰˍˇˎ ˏ˕ˇˎˌ ˍʹˌ 
ˁˈ˃ʹˌ ˁʰʽ ˍˇˎ ˎ˕ʹ˂ˈˍʶˊˇˎ ˋʹ˃ʶʾˇˎ ˍʹˌ 

ʂʴˁˇˌ/Volume by voxels (m3) ʂʴˁˇˌ ˋˍʷ˃˃ʰˍˇˌ ˉˇˎ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ǾƻȄŜƭǎ ˃ʶ 
ʵʶʵˇ˃ʷ˄ˇ ˃ʷʴʶʻˇˌ 

ɶ ʲʰˋʽˁʺ ˂ˇʴʽˁʺ ˊˇʺ ʶˊʴʰˋʽ˗˄ ʴʽʰ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ϦоD Forest" ˋˍˇ˔ʶˏʶʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ 

ʵʽʰʵʽˁʰˋʾʶˌ: 

Á ɳʽˋʰʴ˖ʴʺ ɲʶʵˇ˃ʷ˄˖˄Υ ʆʰ ʵʶʵˇ˃ʷ˄ʰ LiDAR ʁ ʽˋʱʴˇ˄ˍʰʽ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ϦоD Forest" 

Á ɳˉʶ˅ʶˊʴʰˋʾʰ ɲʶʵˇ˃ʷ˄˖˄Υ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˎˉˈˁʶʽ˄̱ ʰʽ ˋʶ ʶˉʶ˅ʶˊʴʰˋʾʰ, ̠ ˋˍʶ ˄ʰ ʰ˒ʰʽˊʶʻʶʾ ˍˎ˔ˈ˄ 
ʻˈˊˎʲˇˌ ̋  ʰ˄ʶˉʽʻˏ˃ʹˍʰ ˋˍˇʽ˔ʶʾʰ ˁʰʽ ˄ʰ ˉˊˇʶˍˇʽ˃ʰˋˍˇˏ˄ ʴʽʰ ˍʹ˄ ˉʶˊʰʽˍʷˊ˖ ʰ˄ʱ˂ˎˋʹΦ 

Á ɮ˄ʱ˂ˎˋʹ ɲʶʵˇ˃ʷ˄˖˄Υ ʆˇ ˂ˇʴʽˋ˃ʽˁˈ ˉˊˇˋ˒ʷˊʶʽ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ 
ˈˉ˖ˌ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˏ˕ˇˎˌ ˍ˖˄ ʵʷ˄ʵˊ˖˄Σ ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ʵʷ˄ʵˊ˖˄Σ ˍʹˌ ʵʽʰ˄ˇ˃ʺˌ ˏ˕ˇˎˌΣ 
ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʰ˂˂ʰʴ˗˄. 

Á ɳ˅ʰʴ˖ʴʺ ɮˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Υ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ʶ˅ʱʴˇ˄ˍʰʽ ˋʶ ˃ˇˊ˒ʺ ʰ˄ʰ˒ˇˊ˗˄ ̋  
ʴˊʰ˒ʹ˃ʱˍ˖˄Σ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ 
ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ʵʱˋˇˎˌ. 

Á ɮ˄ʱˉˍˎ˅ʹ ʅˍˊʰˍʹʴʽˁ˗˄Υ ɾʶ ʲʱˋʹ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΣ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰˉˍˎ˔ʻˇˏ˄ 
ˋˍˊʰˍʹʴʽˁʷˌ ʴʽʰ ˍʹ ʲʽ˗ˋʽ˃ʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ʵʱˋˇˎˌΣ ˈˉ˖ˌ ʹ ʶ˄ˍˇˉʽˋ˃ˈˌ ˉʶˊʽˇ˔˗˄ ˃ʶ ˎ˕ʹ˂ʺ 
ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ʺ ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˉʶˊʽˇ˔˗˄ ˃ʶ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʶˌ ʰ˄ʱʴˁʶˌ ʵʽʰ˔ʶʾˊʽˋʹˌ. 

ʍˋˍˈˋˇΣ ʹ ˉˊʰˁˍʽˁʺ ˎ˂ˇˉˇʾʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˒ʷˊʶʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʰ˄ʱʴˁʶˌ ˁʰʽ ˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˁʱʻʶ ʵʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˃ʶ ˍʹ ˋˎˋˍʱʵʰ ˍ˖˄ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ʵˊ˖˄. 

ɾʶˍʱ ˍʹ ˊˇʺ ʶˊʴʰˋʽ˗˄, ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˈ˂ʰ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ʲʺ˃ʰˍʰ ˉˊˇˌ ˍʹ˄ ʶˉʽˍˎ˔ʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ 

ˍˊʽˋʵʽʱˋˍʰˍ˖˄ ɻ ʶʵˇ˃ʷ˄˖˄Φ 

ɮˊ˔ʽˁʱΣ ɻ ʹ˃ʽˇˎˊʴʶʾˍʰʽ ˄ ʷˇ ʷˊʴˇ ˃ʶ ˍˇ˄ ˇˊʽˋ˃ˈ ˍʾˍ˂ˇ ʷˊʴˇˎ ˁʰʽ ˍʹˌ ʻʷˋʹˌ ˍ˖˄ ʰˊ˔ʶʾ˖˄ ʶʽˋˈʵˇˎ (path), 

ʶ˄˗ ˇˊʾʸʶˍʰʽ ˇ ˉʾ˄ʰˁʰˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ όtransformation matrix). ɿʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ʋΣ 

ʇΣ ɵ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ʴʽʰ ˍˇ˄ ˉʾ˄ʰˁʰ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˃ʶ ʲʰˋʽˁˈ ˁˊʽˍʺˊʽˇ ˄ʰ ˃ʶʽ˖ʻˇˏ˄ 

ˍʰ ʵʶˁʰʵʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍ˖˄ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄ ˈ˂˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˍˇˎ ˄ʷ˒ˇˎˌ. ɾʶ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇ 

ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʹ ʴˊʺʴˇˊʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ˁʰʽ ʹ ˇ˃ʰ˂ʺ ˇˉˍʽˁˇˉˇʾʹˋʹ ˍˇˎ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄Φ 

ʅˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ʵʶ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˇ ˉʾ˄ʰˁʰˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏΣ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ʰʵˎ˄ʰˍʶʾ ˄ʰ 

ˇˉˍʽˁˇˉˇʽʺˋʶʽ ˇˊʻʱ ˍʹ˄ ˍˊʽˋʵʽʱˋˍʰˍʹ ˃ˇˊ˒ʺ ˍˇˎ ˄ʷ˒ˇˎˌ ˋʹ˃ʶʾ˖˄ ˁʰʽ ˉʰˊˇˎˋʾʰʸʶ ˇˉˍʽˁʱ ˋ˒ʱ˂˃ʰˍʰΦ 
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ɳʽˁˈ˄ʰ 28: ɲʹ˃ʽˇˎˊʴʾʰ ˄ʷˇˎ ʷˊʴˇˎ ˋˍˇ 3DForest 

 
ɳʽˁˈ˄ʰ 29: ʁˊʽˋ˃ˈˌ ˉʾ˄ʰˁʰ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˋˍˇ 
3DForest 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʶʽˋʱʴˇ˄ˍʰʽ ̱ ʰ ʵʶʵˇ˃ʷ˄ʰ ˋˍˇ ˄ʷˇ ʷˊʴˇ ˁʰʽ ʰˁˇ˂ˇˏʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ́  ʶ˄ˍˇ˂ʺ ¢ŜǊǊŀƛƴ 

by Octree ɹ ʽʰ ˄ʰ ʰ˄ʰʴ˄˖ˊʽˋʻˇˏ˄ ˁʰʽ ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˋʶ ˅ʶ˔˖ˊʽˋˍˈ ʶˉʾˉʶʵˇ όƭŀȅŜǊύ ˍʰ ˋʹ˃ʶʾʰ ˍˇˎ 

ʶʵʱ˒ˇˎˌΦ ʅʶ ʶˉˈ˃ʶ˄ˇ ʲʺ˃ʰΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ  ́ʰ˄ʰʴ˄˗ˊʽˋʹ ˍˇˎ ˁʱʻʶ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˎ ʵʷ˄ʵˊˇˎ 

˅ʶ˔˖ˊʽˋˍʱ ˃ ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ʶ˄ˍˇ˂ʺˌ !ǳǘƻƳŀǘƛŎ ¢ǊŜŜ {ŜƎƳŜƴǘŀǘƛƻƴ. ʅʶ ˉˊ˗ˍˇ ˔ˊˈ˄ˇ ˉʰˊʰˍʹˊʶʾˍʰʽ ̍ ˍʽ 

ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˉˊ˗ˍʹˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ʵʶ˄ ʶʾ˄ʰʽ ʶ˄ʻʰˊˊˎ˄ˍʽˁˈΣ ˁʰʻ˗ˌ ˋʶ ˉˇ˂˂ʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ 

ˎˉɦˊ˔ʶʽ ʰˉˇˍˎ˔ʾʰ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ 

˄ʰ ʶ˄ˇˉˇʽˇˏ˄ˍʰʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ όʵʷ˄ʵˊʰύ ˉˇˎ ʵʶ˄ ʻʰ ʷˉˊʶˉʶ όʲ˂Φɳʽˁˈ˄ʰ 30). ʍˌ ʶˁ ˍˇˏˍˇˎΣ ʹ ˋ˖ˋˍʺ 

ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˍ˖˄ ˍʽ˃˗˄ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʰˎˍˈ˃ʰˍʹˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰˉʰʽˍʹˍʽˁʺ ˁʰʽ 

ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰΣ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˍˇ ʲʷ˂ˍʽˋˍˇ ʵˎ˄ʰˍˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʶ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ 

ˍ˖˄ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ʵˊ˖˄ ʴʽʰ ˍʽˌ ʵʽʱ˒ˇˊʶˌ ʵʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌΦ 

 

ɳʽˁˈ˄ʰ 30: ʃˊˈʲ˂ʹ˃ʰ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ 3D Forest 



 

54 
 

ɶ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰ ˍʹˌ ˁʱʻʶ ˉʰˊʰ˃ʷˍˊˇˎΣ ˈˉ˖ˌ ˍˇ voxel sizeΣ ʹ descriptor threshold valueΣ ˍˇ amount 

of iterationsΣ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ voxels ˁʰʽ ʹ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌΣ ʴʽʰ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˏˉʰˊ˅ʹˌ 

ˁˇˊ˃ˇˏ ʵʷ˄ʵˊˇˎ ̄ ˊʷˉʶʽ ˄ʰ ˃ʶ˂ʶˍʺʻʶ ̔ɻ ʽʶ˅ˇʵʽˁʱ. 

 
ɳʽˁˈ˄ʰ 31: ɮˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʹ ˍʰ˅ʽ˄ˈ˃ʹˋʹκʰ˄ʰʴ˄˗ˊʽˋʹ ˍ˖˄ 
˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ʵˊ˖˄ 

 
ɳʽˁˈ˄ʰ 32: ɲʹ˃ʽˇˎˊʴʾʰ ʶˉʽˉʷʵ˖˄ ˃ʶ ˋʹ˃ʶʾʰ 
ʶʵʱ˒ˇˎˌ ˁʰʽ ʲ˂ʱˋˍʹˋʹˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʰ 
ʶˉʽ˃ʷˊˇˎˌ ʶˉʾˉʶʵʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˍ˖˄ 
˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ʵʷ˄ʵˊ˖˄ 

ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ʸʹˍʱʶʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˄ʰ ˇˊʾˋʶʽ ˇ ˔ˊʺˋˍʹˌ ˁʰˍʱ ˍʹ˄ ʶˁˁʾ˄ʹˋʹ ˍˇˎ ʶ˅ʰˊˍ˗˄ˍʰʽ ˋʶ 

ˉˇ˂ˏ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ʰˉˈ ˍˇ ʶʾʵˇˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʶʽˋʺ˔ʻʹˋʰ˄ ˋʶ ʰˎˍˈΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ, ˋʶ 

ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˎˉʱˊ˔ˇˎ˄ ɻ ʶʵˇ˃ʷ˄ʰ ˉˇˎ ˒ʷˊˇˎ˄ ˔ˊ˖˃ʰˍʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰ RGB, ʁ ˄˗ ˋʶ ˁʱˉˇʽʶˌ 

ʱ˂˂ʶˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʵʶ˄ ˒ʷˊˇˎ˄ ˔ˊ˖˃ʰˍʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΦ ɳˉʾˋʹˌΣ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ 

ʷ˄ʰˌ ʰˁˈ˃ʹ ˋʹ˃ʰ˄ˍʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ, ˁʰʻ˗ˌ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˂ˈʴ˖ ˍ˖˄ ˉˇ˂ˏ ˉˎˁ˄˗˄ 

˄ʶ˒˗˄ ˋʹ˃ʶʾ˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʽˌ ˉˇ˂˂ʰˉ˂ʷˌ ˉʹʴʷˌ ˃ʶˍˊʺˋʶ˖˄ ˂ʶʽˍˇˎˊʴˇˏ ˄ʰˊ˄ʹˍʽˁʱ ˁʰˍʱ 

ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʶˉʾ˂ˎˋʹˌ, ˁʰʻ˗ˌ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˁʰˍʰ˄ʰ˂˗˄ʶʽ ˉʶˊʽˋˋˈˍʶˊʹ ˃˄ʺ˃ʹ RAM ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ʶ˃˒ʰ˄ʾʸʶʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˁʰʽ ʱˊʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ʴʶ˄ʾˁʶˎˋʹ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʰˎˍ˗˄ ˁʰʽ ʶʽˋʰʴ˖ʴʺ ˍˇˎˌ ʶˁ ˄ʷˇˎ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ. 
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ɳʽˁˈ˄ʰ 33: ʃʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ʶʽˋʱʴʶʽ ˇ ˔ˊʺˋˍʹˌ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ о5 Forest 

ʆʶ˂ʽˁ˗ˌΣ ˇˊʾʸˇ˄ˍʰʽ ̌  ̔̄ ʰˊʱ˃ʶˍˊˇ ̔˃ ʶ ̱̌ ʲʷ˂ˍʽˋˍˇ ʵˎ˄ʰˍˈ˄ ˍˊˈˉˇ ˁʰʽ ʶ˅ʱʴʶˍʰʽ ̫ ˄ʰ ˇˊʻʱ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ˇ 

όˋˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˃ʷˊˇˌ ˍˇˎύ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ ̱ ˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ 

ˍ˖˄ ʵʶ˄ʵˊˇˁˇ˃ʽˁ˗˄ ̀ ˍˇʽ˔ʶʾ˖˄ ˍˇˎ ˁ ʱʻʶ ʵʷ˄ʵˊˇˎΦ ɶ ˉ˂ʹˊˇ˒ˇˊʾʰ ʰˎˍʺ ʻʶ˖ˊʶʾˍʰʽ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʺ ɹ ʽʰ 

ˍʹ˄ ˇˊʻʺ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ʵʰˋʽˁ˗˄ ˉʶˊʽˇ˔˗˄ ˁʰʽ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˔ʱˊʰ˅ʹ ˋˍˊʰˍʹʴʽˁ˗˄Φ 
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