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In a terrestrial LIDAR point cloud, isolate the trees to obtain a cloud of points per tree.

Interest

• A terrestrial LIDAR point cloud

Goal

The crown segmentation allows:

• To compute indicators of crown shape (vertical projection, ...)

• To be able to apply reconstruction algorithms operating on a tree scale

Require



Step 1: Load the terrestrial LIDAR point cloud using 
the open file button.





Step 2 and 3: Classify ground / vegetation points. 
Generate a Digital Terrain Model.

These steps are described in detail in the tutorial:

TLS01:
terrestrial LIDAR
Ground point detection and DTM creation
ONF Plugin: fast but simplistic approach



Step 4: Extract points in a slice parallel to DTM.
Menu Points / Extract
 Step ID: ONF_StepExtractPlotBasedOnDTM

This step creates an extract from the scene as a slice 
parallel to the DTM.

This slice will make it possible to then detect starting 
points for each tree (seeds).



As input, select:
• The DTM



As input, select:
• The DTM
• The vegetation scene: warning this box is not 

checked by default.



Step parameters:
• Minimum height, where the slice begins (from 

DTM)
• Maximum height, where the slice ends (from 

DTM)

Here, the idea is to choose a slice not too thick, 
where the trunks are all present and globally vertical 
over the entire thickness. We choose a 60 cm slice 
centered on the 1.30 m level.



Slice obtained



Step 5: Create 2D positions from point density.
Menu 3D Geometry / Detect (Stems)
 Step ID: ONF_StepExtractPositionsFromDensity

This step makes it possible to extract "seeds", that is 
to say a starting position for each stem.

For this purpose, the step calculates a points density 
raster applied to the previous slice. A thresholding is 
then carried out, and the contiguous high-density 
pixels grouped together to calculate seeds. The idea 
is that the highest densities correspond to trunks, 
present over the entire thickness of the slice, thus 
accumulating the density vertically.



As input select the previously extracted slice.



Step parameters:
• Density raster resolution: resolution used for the 

density raster.
• Threshold (relative value): Thresholding as a 

percentage of the maximum observed density.
• Threshold (absolute value): thresholding in 

absolute density (number of points per pixel).



This step requires calibration with respect to the 
input data:

Too high resolution leads to seeds merging. Too low 
resolution leads to an excess of seeds created.

Relative thresholding works well if the density of the 
cloud in points per m² does not vary too much 
(cloud previously regularized). Otherwise it is 
preferable to choose an absolute threshold.



Example of obtained density raster. The seeds 
obtained are in 2D because they are computed from 
the raster.



Step 6: Create point voxel grid.
 Menu Voxels / Segmentation
 Step ID: ONF_StepCreatePointGrid

This is a preparatory step for the next steps.
It consists of creating a voxel grid, where each box 
references the list of points it contains in 3D.

This will subsequently establish neighbourhood
relations between boxes, and make the link with the 
points at any time for representation.

In reality in this script, it is this grid that is 
segmented and not the point cloud itself.



It is necessary to select the scene on which we want 
to perform tree segmentation.

It is therefore necessary to choose the scene of 
vegetation points, insofar as one does not want to 
segment the ground part.



The only parameter of the step is the resolution of 
the created voxel grid.

This parameter is crucial because it is the minimum 
size of a point group (cubic) assignable to a tree.

If the voxel is too high, this may lead to the 
aggregation of neighboring trees. If voxel size is too 
small this can lead to interruptions in the 
segmentation, especially if there are many 
occlusions. A resolution between 5 and 25 cm is 
generally adequate.



Step 7: Create seed voxel grid.
Menu Voxels / Segmentation
 Step ID: ONF_StepCreateSeedGrid

This step integrates the 2D positions produced in 
step 5 (2D seeds) into seed cells (3D) in the voxel 
grid.

A segmentation voxel grid is thus created, with at 
this stage one cell per tree, resulting from the 
vertical projection at the chosen height (1.30 m) of 
the 2D seeds.



In reality this step can take 3 types of seeds as input 
to generate the voxel seeds:
• Items (circles, cylinders, ...), whose center in 3D 

determines the seed.
• Scenes of points: in this case the seed is 

composed of all the cells containing points.
• 2D positions + one DTM. This is what we use 

here: 2D positions are rendered in 3D using a 
DTM.



Input data must then be selected as follows:
1. The 2D positions of step 5



Input data must then be selected as follows:
1. The 2D positions of step 5
2. The DTM of step 3



Input data must then be selected as follows:
1. The 2D positions of step 5
2. The DTM of step 3
3. The voxel grid of step 6



In our case (2D + MNT positions), the only 
parameter is the height above the DTM (offset) in 
order to project the 2D positions in the grid.



Voxel seeds obtained in step 7.



Step 8: Segmentation using seed voxel grid.
 Menu Voxels / Segmentation
 Step ID: ONF_StepSegmentFromSeedGrid

This step performs the segmentation of the voxels 
grid of points created in step 6, starting from the 
seeds of step 7.

The principle is to create a neighborhood 
topological relationship between the cells 
containing points, in order to "contaminate" the 
whole tree from the seeds, first by going up and 
after that going down.



The algorithm browse the grid
from the bottom to the top.

For each voxel not attributed to a cluster, it 
determines which cell already assigned is the 
nearest (cell centers), among the cells of a search 
area below. This cell becomes the topological parent 
of the voxel, which is now assigned to the cluster.

The search box is defined by:
• Maximum searching distance in Z
• Maximum searching distance in XY

Then the algorithm is executed again from top to 
bottom, with a search area above.



Illustration of how the algorithm works:

Search area
(Z = 1 px, XY = 2 px)

Voxel to be attributed

Clusters A and B

… …



The segmentation grid obtained using step 8.



Step 9: Modify voxel grid segmentation
Menu Voxels / Segmentation
 Step ID: ONF_StepModifyVoxelSegmentation

This step makes it possible to interactively modify 
the segmentation carried out previously.

To facilitate visualization, the step displays directly 
the points by cluster. However, they are handled by 
full cells of the grid. It is therefore not possible to 
reassign points individually, but only in groups (one 
cell = one group).



To operate this interactive step requires:
1. The scene of points to segment (one must taketo

select the vegetation scene, as previously).
2. The grid of points created in step 6.
3. The "topological grid" produced during the 

automatic segmentation of step 8. Be careful not 
to take the grid containing only the seeds.



This step has a unique parameter.

In the interactive part, it is possible to validate the 
clusters once they are considered complete.

If keep only validated trees is enabled, only clusters 
corresponding to trees that have been explicitly 
validated will be retained as output. Otherwise all 
clusters are kept.

Unless identified need, it is preferable not to 
activate this option.



As with any interactive step, you must run the 
script. When the step is reached, a dedicated view 
opens where the operator can work on the data.



This dedicated view allows you to display and 
modify the previously obtained automatic 
segmentation.
The points of each cluster are drawn in a different 
color.



A dedicated toolbar allows to manage displays and 
modifications actions



This part allows to manage the selection mode, as 
in a classic 3D view.
The other buttons will work based on the selected 
items.



In order to allow precise tree separation, this action 
works with two active clusters: group A (yellow by 
default) and group B (cyan by default). The goal in 
having two active groups is to make it possible to 
work locally on the limit between trees.

• When the Goup A button is clicked, the cluster 
containing the selected points becomes group A 
(shortcut: ALT + left clic)

• When the Goup B button is clicked, the cluster 
containing the selected points becomes group B 
(shortcut: ALT + right clic)



These buttons are used to select the color of groups 
A and B, if yellow and cyan are not suitable.



These check boxes are used to show / hide the 
different groups:
• Group A
• Group B
• The other groups (all clusters that are not in 

group A or group B)
• The trash, where are all the points that are not 

assigned to a cluster (non-segmented)



Case of a view where groups A, B and the garbage 
can be seen, the other groups are hidden



Case of a view where only groups A and B are 
visible



NB: Only visible items can be selected. Hiding an 
item is therefore a way to "protect" it.

Case of a view where only group A is visible



This area allows to assign a label to active Group A



This button extends selection of all points that have 
been assigned to a cluster from a selected area



1. You should select the starting area
2. Then click on the button



The selection is then extended to all points that 
have been assigned to the cluster from the start 
area.
To do this, the action uses the topology created 
during automatic segmentation in step 8



This button allows you to select all the points of a 
cluster.
1. You should first select one or more points
2. Then click on the button



The selection is then extended to the entire cluster



Once a selection has been made (manually, by 
colonization or by selection of an entire cluster), this 
series of buttons makes it possible to move the 
selected points:
• In Group A
• In Group B
• In a new group (created at this time)
• In the trash



Example of creating a new group



Example of creating a new group



Example of a selection to send an area to the trash



Example of a selection to send an area to the trash



This button is used to validate a cluster. Validated 
clusters are displayed in green.



This box allows to show / hide validated clusters.
NB: If in the step parameter, "keep only validated 
trees" option has been selected, only clusters in 
green will be retained. The others will be lost.



NB: If group A or B is in the "enabled" state, it is 
displayed with a modified color: yellow-green or
Blue-green



When the cluster changes are completed, this 
button ends the interactive action and starts the 
rest of the processing chain



As output, this step produces a corrected 
segmented grid.



Step 10: Segment a scene from an index grid
Menu Voxels / Segmentation
 Step ID: ONF_StepExtractPointsFromGrid

This step allows to create a point scene for each 
cluster, from the segmented grid and a selected full 
point scene.



Input data should then be selected as follows:
• The vegetation scene
• The corrected segmented grid



As output the step produces a point cloud for each 
cluster of the grid.



This capture shows the superposition of the grid 
clusters, and their translation as point clouds.



Step 11: Crown Projections
Menu 3D Geometry / Detects (Crowns)
 Step ID: ONF_StepComputeCrownProjection

This step makes it possible to calculate:
• The convex hull projected on the ground for each 

point cloud 
• The convex hull of successive horizontal slices for 

each point cloud



The clustered point scenes must then be selected as 
input data



The dialog enables or disables the option to 
compute convex hulls for slices. In this case it is 
necessary to define:
• Spacing between slices (from center to center 

according to Z)
• Thickness of slices

If the spacing and thickness are equal, the slices do 
not overlap.

If the thickness is greater than the spacing, slices do 
overlaps, which leads to more continuous convex 
hulls.



Convex hulls projected to the ground (each cloud 
generates a single cumulative projection).



Convex hulls for each horizontal slices (with 
overlapping slices in this case).



Step 12: Export Scenes by Cluster
Menu Export / Points
 Step: Points (1 file / scene), XYB

This step allows to export each cluster point to a 
separate file.



Do not check this box, useful only when using script 
loops



Input data should then be selected as follows:
• Point Scenes by Clusters



This dialog allows to select the intensity data of the 
original scene, for exporting to the individual files



Finally, you should select a base name for the 
output files. This basic name will be completed by 
an individual identifier per scene.



Step 13: Export the convex envelopes
Menu Export / 2D geometry
 Step: GDAL ESRI Shapefile

This step allows to export the projected convex hulls 
into a single shapefile file



Do not check this box, useful only when using script 
loops



Input data should then be selected as follows:
• Convex hulls per cluster



Finally, you should select a name for the shapefile 
file



Step 14: Export Attributes
Menu Export / 3D Geometry
 Step: Attributes / Items in groups

This step makes it possible to export a table making 
it possible to make the link between the identifiers 
of the scenes and the identifiers of the convex hulls



Do not check this box, useful only when using script 
loops



This group level must then be selected as input data. 
It is the one that contains the scenes and the convex 
hulls (see at left).



Finally, select a text file name



The goal is to make the link between:

• The point cloud files per tree, containing the 
identifier of the scenes:

• The convex hull identifiers of the shapefile (here 
the shapefile dbf file):



The file obtained by the export is as follows:

The column "Segmented scenes" / "ID" contains the identifiers of the point 
scenes
The column "Convex hull (on ground)" / "ID" contains the identifiers of the 
convex hulls


