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Motivation

= Project NEWFOR

e Project goal: Enhancing the wood supply chain in the alpine space www.newfor.net

« One objective: Benchmark of established single tree detection methods

= Consortium covers partners from the entire alpine space

o Scan data and Fl data of different forests

- To our best knowledge: first detection benchmark in the alpine forests
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The Dataset

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

= Forest Inventory (Fl)
o Fully calipered plots (tree locations + heights)

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

= Airborne Laser Scanning (ALS)

« Different sensors and point densities

nDSM

Pdens: ~95 pts/m2l§ Pdens: lé"pi;c;/m@*'
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Data details

Field irventory Lithorre laser scanning
Studyr area Country Localization Mr. Totalsize Density
Plote 1] ate Date [ptsfc] Sensor

Saint- Agnan France 447 52 W 5 A5 E 1 10 07010 09710 13 Fiegl LIV3-0560
Cotolivier Ttaly 45¢ I N 6° 46'E 3 04 09712 0712 11 Optech ALTT 3100
Bermer Jura  Switzerland 4PN T4E 1 0.1 2005 2011 5 Leica ALS 70
Ilontafon Liustria 4458 E 1 03 06709 2011 22 Riegl LIS-0560
Pellizzano Ttaly 45 12 W 10° 46'E 2 03 D213 0er12 95121 Riegl LEIS-QaE0i
Lisiagn Ttaly 45* 40 W 11° 30'E 3 04 10712 0712 11 Optech ALTI 3100
Tryrol Liustria 47N 1144 E 3 12 2010 2008 410 Optech ALTI 3100
Leshowva sloveria A5 3N 14735 E 4 08 11708 10.709 30 Riegl LIWIS-0)560

Flot Caliper Btem Mleann  Basal Mean Htand Coniferons

Flot ) ] ] ) ] ) ) Forest
Study area size  threshold density height area diameter  Density  proporion IIain species class
[ha] [em] [ha] [m] [rha) [em] Index [%4]
1 S aint- A ghan 1.00 T3 359 17.1 326 301 435 il Fit, beech ML
2 Cotolisier 013 40 243 121 05 258 B89 97 Scots pine, larch and sprace ML
3 Cotolivier 0.13 40 390 16.5 343 287 314 92 Arcots pine and larch ]
4 Cotolisier 013 40 175 129 155 243 166 59 Larch and sycamore LM
] Betner Jura 0.1a 120 340 L 676 437 Q59 100 Sptuce and fir ]
f I ontafon 0.30 10.0 400 139 357 250 401 100 Sprace ML
7 Pellizzano 0.13 0 374 256 60.1 409 523 100 Spruce, larch and fir ]
a Pellizzatin 013 sn 1570 137 fiz.1 167 974 a0 Latch, spruce, fit, sycamore and poplar LM
9 Agiagn 0.13 0 T0E 236 459 285 921 100 Sptuce and fir ]
10 Asiagn 0.13 50 851 16.9 6.2 237 79 20 Sptuce, fir and beech R
11 Agiagn 0.13 0 1344 139 319 160 a0 22 Sptuce, fir and beech RALA
12 Tyrol 0.40 10.0 317 36.7 598 48 B B 100 Aprace LI
13 Tyrol 0.40 10.0 260 220 353 380 530 29 Sycamore, beech, sprace and fir =L
14 Tyrol 0.40 10.0 350 36 0.5 370 733 23 Sycamotre, beech, spruce and pine SLM
15 Leskowa 020 10.0 265 229 281 342 439 Ta Fit, sptuce and beech =L
& Leskowa 020 10.0 185 246 274 240 359 T3 Fit, sptuce and beech 2L
17 Leskovwa 0.20 10,0 325 206 382 255 al3 47 Fir, sprace, beech, sycamore and elm ML
13 Leskowa 020 10.0 a0 246 240 347 T08 33 Fit, beech and sycathote ML/
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Overview Benchmark Process

ALS Data  Inventory Data

1) Quality check of Input Data

2) Single tree detection by Participants

4) Matching results per Area (Lol-4)

5) Matching results per Method (Lol-3)

6) Matching results by forest type (Lol-2)

7) Overall Performance (Lol-1)
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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

o 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

% Reference tree (with tree height)

[ J
- Tree locations measured by distance and compass bearing (Accuracy + 1m) (O eaofimeres
nDSM

- Tree heights measured with Vertex (Accuracy = 1m)

Om 35m
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2) Single tree detection by Participants

= Eight participants provided with ALS data and DTM

= Detection Requirements:

o The single tree detection should be performed fully automatically

e Tree position and tree height

o Description of the method

Country Method Resolution [m] Kernel
1 Irstea France Moving window + filtering Raster 0.2 11x11
2 FEM Italy Moving window + region Raster 0.5 5x5
growing
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 (l)
Tree matching - General steps
Candidate Search Candidate Vote Candidate Testing
a o ézw N "
/ \ \
/ ! \
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£ by i
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_ Closest Candidate with best AH
3
®  Reference tree + tree height

Worse AH than closest Candidate

Better AH than closest Candidate and T < 2m
219 o
Q  Testtree + tree height

N
. ' Max. search radius

Candidate
Search

¢ Candidate * No Candidate

Candidate

Voting

Candidate
Match
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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

e Hyean =2 Mean of horizontal matching vectors (2D Vector between Test and Reference)

* Vyean 2 Mean of tree height differences (AH between matched Test and Reference)

Graphical outputs

Matching Example

Study Area: Leskova Dolina
Method:  #1

(o3 o Test tree (with tree height)

@' Reference tree (with tree height)

O Area of Interest

/ Connection between two trees

'12‘7 36.71
a4l

6.3

Rates of extracted / correctly assigned trees [%)]

Detection Rates

Dark grey: Corr. assigned trees
Light grey: Extracted trees

RMS_ass: 60% RMS_extr: 95%

Reference (Fl) line

>
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Extraction Rate

Spatial Accuracy

Dark grey: horiz. =~ RMS_h: 1.8m
3.5 — Light grey: vert. RMS_v: 1.4m

RMS_h line
RMS_v line

Mean of vert. and horiz. accuracy [m]
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Percentage of tested trees [%]

Validation of Matching Process

110 —
100 —
90 -

3) Matching process (ll)

e
178~

®
42

Matching Example
9 Study area 16 - LP

12
2 206

224

&4
037.85

15.9 9.6
'13 736

Q Area of Interest

()
10.1 937.43

nDSM
E
Om 35m

il

Total Nr. of tested Trees: 699

219
Test tree (with tree height)

@ Reference tree (with tree height)

/ Connection between two trees

8.8

53 %

44 %

B . 34.67
O

Validation:
699 trees manually interpreted in GIS
97% correctly treated

37.

129

613

9.3

.

35.74
9339 32.5
o

8

36.71
34.7

Nearest neighbor
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4) Detailed results by Area ()
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4) Detailed results by Area (Il)

Study Area 5

Multi layered, mixed forest

RMS ass: 18%

[%] ssan

Fl Data
Total Nr. Trees: 235

Dark grey: Corr. assigned trees
Light grey: Extracted trees
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4) Detailed results by Method
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Raster
Raster
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Raster

Method
Moving window + filtering
Moving window + region growing
Moving window + Multi CHM
Moving window + watershed
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Moving window

Polynomial fitting+ watershed

Kernel
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5) Results by forest type classification

= (Classification into 4 classes = based on Fl data and Meta-Info
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Over performing detection rates
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6) Overall performance per Participant

Plots RMS_extr[%] RMS_ass [%] RMS_horiz. RMS_vert.

-

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

Overall 18 95 47

Tree heights measured with Vertex (Accuracy = 1m)

—_ Overall Statistic — Detection Rates Overall Statistic — Accuracy
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Discussion + Conclusion ()

Matching:

Method enables automatically matching

Interpreter independent + Reproducible
Timesaving in contrast to manual interpretation

Test of subset: 97% matches correctly treated

Accurate georeferencing necessary

e
)

<X

Use of survey grade GPS in Inventory

Postprocessing: (manual) coregistration with RS data
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Matching Example

Tree height
Reference tree
Nearest Neighbor
Test Tree
Connection

Max. search radius
Best voted tree
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Discussion + Conclusion (ll)

Study Area 5
Heightinterval 10m to 15m

I
8

Nr. of trees in inventory: 54

= Detailed Results:

e More complex methods...
H
- ...can detect trees in layers below the main canopy | —
FEESSFET b o
- ...tend to over perform = high completeness / low SIFELies R Y .
correctness £é i
8 60
« MW approach: small kernels over perform i.e. 3x3 £
, : § oI
« Multi layered forests are challenging £ RTeretemeatesers
= (Classified Results:
o Best results for single layered, coniferous forests £ SingleLayered Gonferous ret
RMS assigned: 60% e
iBU E;m
« Single layered, mixed forests show over performing fa i
completeness = due to complex crowns i, it
° 3%
e Multi layered forests show low completeness PSS
Fisl558s
RMS assigned: 37% FREE s

GED)
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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 ?

[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

o 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

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