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Motivation 

 Project NEWFOR 

• Project goal: Enhancing the wood supply chain in the alpine space 

• One objective: Benchmark of established single tree detection methods 

 Consortium covers partners from the entire alpine space 

• Scan data and FI data of different forests 
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 To our best knowledge:  first detection benchmark in the alpine forests 

www.newfor.net 
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The Dataset 

 Unique dataset  Different environments and forest types (conif. + mixed) 

 Forest Inventory (FI) 

• Fully calipered plots (tree locations + heights) 

• Forest type description (location, species, etc.) 

 Airborne Laser Scanning (ALS) 

• Different sensors and point densities 
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Pdens: ~13 pts/m²  Pdens: ~121 pts/m²  Pdens: ~5 pts/m²  Pdens: ~95 pts/m²  
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Data details 
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Overview Benchmark Process 
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1) Quality Check of Input data 

 Data provided by NEWFOR partners  

• Initial quality check needed 

 ALS data 

• Point clouds and terrain models checked for gross errors 

• Canopy height model (CHM) derived 

 Forest Inventory data (Questionnaire) 

• Absolute Georeferencing 

– Initial survey of plot locations with GPS   (Accuracy approx. ± 1-10m) 

– Manual Coregistration based on CHM in GIS  (Accuracy approx. ± 1-3m) 

– Most plots were already correctly co-registered by partners 

• Relative Accuracy 

– Tree locations measured by distance and compass bearing  (Accuracy ± 1m) 

– Tree heights measured with Vertex (Accuracy ± 1m) 
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2) Single tree detection by Participants 

 Eight participants provided with ALS data and DTM 

 Detection Requirements: 

• The single tree detection should be performed fully automatically 

• Tree position and tree height 

• Description of the method 
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ID Name Country Method Type Resolution [m] Kernel 

1 Irstea France Moving window + filtering Raster 0.2 11x11 

2 FEM Italy Moving window + region 
growing 

Raster 0.5 5x5 

3 SFI Slovenia Moving window + Multi CHM Raster NA 3x3 

4 TESAF Italy Moving window + watershed Raster 0.5 3x3 

5 SLU / TU Wien Sweden Segmentation + Clustering Raster+3D 0.25 - 

6 TU Wien 3x3 Austria Moving window  Raster 1.0 3x3 

7 TU Wien 5x5 Austria Moving window  Raster 1.0 5x5 

8 SFS Slovenia Polynomial fitting+ watershed Raster 1.0 7x7 
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3) Matching process (I) 
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Candidate 
Search 

Candidate 
Voting 

Candidate 
Match 

Silvilaser 2015 – La Grande Motte, France 28-30 Sept. 



Output from tree matching process 

 Accuracy statistics per method/area/type: 

• Extraction rate  Total number or rate of extracted Test trees by a method 

• Matching (assignment) rate  Total number or rate of matched trees 

• Commission rate  Total Number or rate of Test trees which could not be matched 

• Omission rate  Total number or rate of Reference trees which could not be matched 

• HMean  Mean of horizontal matching vectors (2D Vector between Test and Reference) 

• VMean  Mean of tree height differences (ΔH between matched Test and Reference) 

 Graphical outputs 
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3) Matching process (II) 
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Nearest neighbor Matched neighbor 

Validation: 
699 trees manually interpreted in GIS 
97% correctly treated 
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4) Detailed results by Area (I) 
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4) Detailed results by Area (II) 
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RMS_ass: 18% 

Multi layered, mixed forest 
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4) Detailed results by Method 
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Type Method Kernel RMS_extr [%] RMS_Com RMS_Om RMS_ass [%] Delta 

Raster Moving window + filtering 11x11 51 9 59 45 6 

Raster Moving window + region growing 5x5 57 20 61 43 14 

Raster+3D Moving window + Multi CHM 3x3 101 61 57 46 55 

Raster Moving window + watershed 3x3 86 49 55 49 37 

Raster+3D Segmentation + Clustering - 139 95 51 53 86 

Raster Moving window  3x3 154 113 51 54 100 

Raster Moving window  5x5 52 16 63 41 11 

Raster Polynomial fitting+ watershed 7x7 54 13 59 44 10 

More complex Methods or small Kernels tend to overperform 
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 Classification into 4 classes  based on FI data and Meta-Info 

5) Results by forest type classification 
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Type Plots RMS_extr [%] RMS_ass [%] Delta 

Class 1 SL /M 4 142 47 95 

Class 2 SL / C 5 86 60 26 

Class 3 ML / M 7 74 38 36 

Class 4 ML /C 2 55 36 19 

© BFW Inventory Guidelines 

Over performing detection rates 
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6) Overall performance per Participant 
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Plots RMS_extr [%] RMS_ass [%] RMS_horiz. RMS_vert. 

Overall 18 95 47 1.7 1.0 

Manual Coregistration based on CHM in GIS  (Accuracy approx. ± 1-3m) 

Tree heights measured with Vertex (Accuracy ± 1m) 

Silvilaser 2015 – La Grande Motte, France 28-30 Sept. 



Discussion + Conclusion (I) 

 Matching: 

• Method enables automatically matching 

– Interpreter independent + Reproducible 

– Timesaving in contrast to manual interpretation 

– Test of subset: 97% matches correctly treated 

• Accurate georeferencing necessary 

– Use of survey grade GPS in Inventory 

– Postprocessing: (manual) coregistration with RS data 
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Discussion + Conclusion (II) 

 Detailed Results: 
• More complex methods… 

– … can detect trees in layers below the main canopy 

– … tend to over perform  high completeness / low       
   correctness 

• MW approach:  small kernels over perform i.e. 3x3 

• Multi layered forests are challenging 

 

 Classified Results: 
• Best results for single layered, coniferous forests 

 RMS assigned: 60% 

• Single layered, mixed forests show over performing 
completeness   due to complex crowns 

• Multi layered forests show low completeness    
 RMS assigned: 37% 
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7) Final Conclusion + Outlook 

 Vertical distribution of trees seems to have major impact on results 

 Single layered coniferous forests show best results 

 Comparison to Benchmark in Remote Sensing [1]: 

• Simple method based on LM finding was one of the best techniques -> similar here. 
 

Perspectives 

 Optimal trade-off between omission and commission errors ? 

• Application-oriented ? 

  Parameter choice as important as algorithm itself 

• Automatic tuning depending on forest structure / lidar settings ? 
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[1] Kaartinen H, et al.: An International Comparison of Individual Tree Detection and Extraction Using Airborne Laser Scanning. Remote Sensing. 2012; 4(4):950-974. 
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Thank you for your attention 

 Resources on www.newfor.net 

• Dataset: http://www.newfor.net/download-newfor-single-tree-detection-benchmark-
dataset/ 

• Article: Eysn, L.; Hollaus, M.; Lindberg, E.; Berger, F.; Monnet, J.-M.; Dalponte, M.; Kobal, 
M.; Pellegrini, M.; Lingua, E.; Mongus, D.; Pfeifer, N. A Benchmark of Lidar-Based Single 
Tree Detection Methods Using Heterogeneous Forest Data from the Alpine Space. Forests 
2015, 6, 1721-1747. http://www.mdpi.com/1999-4907/6/5/1721 

• Full benchmark report: http://www.newfor.net/wp-content/uploads/2015/02/DL16-
Report-Benchmark-NEWFOR_Final.pdf 
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