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Introduction

About this Tutorial

In this tutorial, you will learn how to import *.las files, convert and interpolate them so that they can be used for
segmentation and classification routines.

This Module has four lessons:

Lesson 1 Introduction to working with LiDAR *.las files in eCognition
Lesson 2 Using the LiDAR converter algorithm

Lesson 3 Interpolating LiDAR data based on image objects

Lesson 4 Segmenting and classifying with the interpolated image layers

Further information about eCognition products is available on our website:

www.eCognition.com

Requirements

To perform this Guided Tour, you will need:

e eCognition Developer installed on a computer
e A computer mouse is highly recommended

All steps of this tutorial can be done using the eCognition Developer or the free-trial version.

This tutorial is designed for self-study.
Data included with the Tutorial
Image data
We will be working with a single image (*.img) file in this tutorial:
e ‘imagery_Subset.img’ contains the optical aerial RGB and NIR data
LiDAR data
In addition to the image file, a LiDAR file is available in *.las format:
e ‘454 266 _allpoints-subset01l.las’
Rule Sets

A Rule Sets is available representing the final state of Rule Set development. Whenever the tutorial refers to a
Rule Set, it can be found in the tutorial folder.

Project

An eCognition Project is provided for this tutorial and can be found in the tutorial folder.
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Lesson 1 — Introduction working with LiDAR *.las files in eCognition

1.0 Lesson contents

e Working with LiDAR in this tutorial
e Loading LiDAR point cloud files

eCognition supports the integration of point cloud data in two formats:

e |ASor
e the compressed LAZ version

When dealing with LiDAR processing and analysis, there are several components which provide you with means to
directly load and analyze LiDAR point clouds as well as export raster result images such as DSM / DTM.

Working with LiDAR point clouds in eCognition is implemented in a three step approach.

e LiDAR point clouds are loaded and displayed using a quick resampling of the intensity data. It is also
possible to display the un-rasterized point cloud.

e Once loaded, additional layers can be generated using a special LiDAR converter algorithm.

® Gaps within the LiDAR data can then be interpolated based on image objects

.-
LN VIS, *y e 2 308 d - e Suiave

Figure 1: Rasterized LiDAR intensity data (left); first return from elevation after LiDAR conversion (middle); last return from
elevation after interpolation (right).

1.1 Working with LiDAR in this tutorial

In this tutorial, you will use elevation information and the information about the number of returns to classify
trees and buildings.

/" NumberofRetums Differencein elevation ™

e

e o e, v

Figure 2: Schematic figure showing the different number of returns.
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This information is not represented in the per default loaded LiDAR image layer. Using an algorithm, two
additional image layers are created which contain the desired information. These layers are then used for
segmentation and classification.

1.2 Loading LiDAR point cloud files

To allow for quick display of the point cloud, a rasterization is implemented in a simple averaging mode based on
intensity values. Complex interpolation of data can be done based on the LiDAR file converter algorithm.

In the loading process a resolution needs to be set which determines the grid spacing of the raster generated out
of the *.las or *.laz file. The resolution is set to 1 per default, which is the optimal value for LiDAR data with a
point density of one point per square meter. For coarser resolution data, set the value to 2 or above; for higher
resolution data set it to 0.5 or below.

1.2.1 Creating a new Project using LiDAR data
A * las file is imported, like any other image, via the ‘Import Image Layers’ dialog box.

Start eCognition Developer and switch to predefined view setting number 4 ‘Develop rulesets’
In the main menu ‘File’ choose ‘New Project...’ or click on the ‘Create New Project’ button in the toolbar.
Browse to ‘454_266_subset02.las’ which is located in the tutorial folder.
Select the ‘454_266_subset02.las’ to import it. In the left hand window of the ‘Import Image Layers...”
dialog, the ‘Options’ tab contains the default point cloud settings:

® XY Resolution =1.0

® ZResolution=-1

e Unit = ‘auto’
5. Leave the default values and click OK.

PonNE

Module5_WorkingWithLiDARFiles Name Size Date Modified
| 454_266_allpoints-subset0l.las 8.400,00 KB 19.10.2009 11:06
* imagery_Subsetimg 490,00 KB 19.10.2009 11:17
Working with LiDAR las files_v1.dep 8700KB 28.10.200913:23
|| Werking with LIDAR las files_v1.dpr 154,00 KB  28.10.200913:23
|| Working with LIDAR las files_v1,dps 8,00KB 2810.200913:23

XY Resolution: I] 0
Z Resolution: |-1
Unit: Iaulo :J

Update Properties Tab

Preview A Properties » Options _

Go to folder File Name Filter File Type

Figure 3: LiDAR file properties within the ‘Options’ tab.
The .las file is added to the Project and the Project automatically assumes the name of the imported .las file.
In addition to the *.las file, please load the corresponding image file:

6. Click ‘Insert’ within the Image Layer section of the ‘Create Project’ dialog
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7. Navigate to the tutorial folder and select the ‘imagery_Subset.img’ file and confirm with OK.

The image file is added to the Project. At this point it is time to assign image layer aliases and adjust the order of
image layers (this is not required but recommended for simplified display options).

8. Please assign the following aliases:
e LlLayer 1=LiDAR
e Layer2=red
e Layer 3 =green
e Layer 4 = blue
e Llayer5 = nir
9. To adjust the order of the image layers, use the up and down arrows to the right of the Image Layer
window. Move the LiDAR layer to the bottom of the list.
10. Finally, assign the Project a meaningful name, ‘Working with LiDAR’ and confirm with OK.

Project Image Layers Thematic Layers Metadata

Project Mame Wworkign with LiIDAR

I Map mair SUbS?t
Selection

Coordinate System MNADSE3 A Vermont Transverse_Mercator NADS3 Clear Subset
Fesolution [Meters) 1 Rresalution m/pHl]
Pixel Size 1 1 "
Praject Size 358x311 pivels -
Geocoding [Lower Left] 4530565 / 265178.5) Use geocoding
Geocoding (Upper Right] [453414.5 / 265489.5) Pixel size [urit]
auto -
Meters -
Image Layer Alias File Location R.. Unit Type W.. H. N||Z Izert
red C:MUsersipetershDacuments\Keith'D5_DemaD ata\ModuleS_WarkingwithLDARFiles\imagery_Subsetimg[1] 1 Melers SBitunsigned 358 311 - ||~
green C:\UzershE peters\DocumentssKeith\06_DemaoD ata’Modules_wWorking'w/ithLiDARFiles\imagery_Subset.img [2] 1 Meters BBt unsigned 3|8 3 -
blue C:\UzershEpeters\DocumentssKeith\06_DemaoD ata'Modules_wWorking'w/ithLiDARFiles\imagery_Subset.img [3] 1 Meters BBt unsigned 3|8 3 -
nir C:\UzershEpeters\DocumentssKeith\06_DemaoD ata’Modules_wWorking'w/ithLiDARFiles\imagery_Subset.img [4] 1 8Bit unsigned 3B 3N
i ) ILIDARFil allps 1 1EBit i 3 E -

4| 1 2

Figure 4: ‘Create Project’ dialog settings.

NOTE:
It is not possible to adjust the order of image layers after the Project has been completed. This must be done in the
initial Project setup.

1.2.2 Review the input data

By default, LiDAR point clouds are loaded and displayed using a quick resampling of the intensity data. Use the
‘Edit Image Layer Mixing’ tool to look at just the LiDAR layer in this rasterized format.
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Figure 5: Detail of loaded LiDAR data.

Alternatively, you can display the point cloud itself using the ‘Point Cloud View’ tool available in the ‘View
Settings’ toolbar. This view setting is automatically available when a point cloud is loaded into a Project.

D3 | » FEBEH &

AEEDODEE &4 6&

Figure 6: ‘View Settings’ toolbar with the ‘Point Cloud View’ mode selected.

To navigate through the point cloud, you can use the various buttons of your computer mouse:

e Hold the left mouse button to zoom in and out while moving the mouse
e Hold the right mouse button to toggle the point cloud view
e Hold both mouse buttons to pan through the scene

Once the ‘Point Cloud View’ is activated, a number of ‘Point Cloud View Settings’ become available in the ‘View
Settings’ toolbar.

Depending on the characteristics of the LiDAR file, various display modes are available:

e Render Mode: RGB, Intensity, Class/Intensity and Class/RGB
By default the intensity mode is used.

e Level of detail can be used to adjust the rendering detail. When working with large, high resolution LiDAR,
you may want to decrease the level of detail to increase display speed.

® Point Size can be used to adjust the size of the rendered points.
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Paint Cloud View Setting:

Foint Cloud: LiDAR -
Render bode:

Level Of Detall:  50% -

Class Mame

- Created, never classified ||:| No Color

- Unclassified [0 MaColor
- Ground

- Lo Weegetation

- Medium Yegetation

- High “egetation

- Building

- Lony Paint [noize]

- Model Kep-point [mazs point]
- Wi ater

[ T e B T L L R e |

Figure 7: ‘Point Cloud View Settings’ dialog.

1. Explore the LiDAR file with the ‘Point Cloud View’

2. Adjust the view settings to see how the effect the view

3. Once you are comfortable with the ‘Point Cloud View’ tool, click the ‘Point Cloud View’ button to exit and
return to the standard viewer.

A
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Lesson 2 - Using the LiDAR converter algorithm

2.0 Lesson content

e Introduction to the ‘LiDAR File Converter’ algorithm
e Creating an image layer - ‘Elevation First’
e Creating an image layer - ‘Number of Returns’

In this and the following lessons a Project will be used which contains LiDAR data in combination with optical data.

Figure 8: Optical image layers (left ); loaded LiDAR data (right).

From the loaded LiDAR data, additional information can be extracted using the algorithm ‘LiDAR File Converter’.
This algorithm can create new image layers, containing information about elevation, number of returns and more.

In later exercises, the image layers created in this lesson are used for further segmentation and classification of
trees and buildings in the loaded subset. The number of returns is used to classify trees, the elevation is used to
classify buildings.

2.1 Introduction to the ‘LIDAR File Converter’ algorithm

This algorithm can create new image layers, containing information about elevation, number of returns and more.

e -
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Algorithn Description
Converts point cloud information inta 20 raster layer.

Automatic

LiD&R cornwerter - write Elevation Mazimum first returns on L Alaorithm parameters

Algarithm Parameter
LiDAF file converts 4 Input Data
Image Layer (LAS file source)
Dromain 4 Point Riter
execute 4 By Class
Fittering <NOnes:
Parameter Value By RGB value
Candition — lgnore points with the sp...  <none:
Map From Parent lgnore points with the sp...  <nones
lgnore points with the sp...  <nones
By Distance
Minimum allowed distance  <none:
M=dmum allowed distance  <none:
By Hevation
Minimum allowed elevation  <none:

Maxdmum allowed elevation <none:
4 Converter Parameters
Point property Elevation
Rezult mode Mezdmum
Retums First
4 Output Data
Output layer Elevation First
Loops & Cycles

Loop while something changes only

Mumber of cycles 1

[ Execute ]l Ok H Cahcel ]l Help

Figure 9: Process settings to convert the LiDAR to an new image layer.

2.1.1 Define image Layer

In the field ‘Image Layer (LAS source file)’, you define the layer to be use for converting, respectively the dataset
from which to extract additional layers.

2.1.2 Conversion parameters

In the field ‘Convert Parameter’, you define which information to use for generating new image layers. The
following parameters can be set:

Intensity - the point intensity values are used to generate the raster layer.

Elevation - the point elevation values are used to generate the raster layer.

Class - the class information stored in the points is used to generate the raster layer.
Number of returns - a raster layer representing the number of returns is generated.

Since the data is resampled into a 2D Grid with a fixed spacing during import, several LiDAR points can be within
one pixel.

- -
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2.1.3 Returns

In the field ‘Returns’ it can be defined which points to use in generating the raster. The following settings are
available.

® First - only first return points are used
e Last - only last return points are used
e All - all points are used

2.1.4 Calculation parameters

In the field ‘Calculation’ the calculation mode can be defined, which allows determines how to compute the
resulting pixel value out of several LiDAR points. The following modes are available:

Average - the average out of all point values is calculated

Minimum - the minimum value out of all available point values is used

Maximum - the maximum value out of all available point values is used

Median (lower) - the lower median out of all available point values is used

Median (upper) - the upper median out of all available point values is used

Most frequent value - the most frequent value out of all available point values is used

2.1.5 Filtering settings

In the field ‘Filtering’ different filtering modes allow to limit the points used for generating the raster
representation based on available point properties. The following options are available:

e No filtering - no filtering is applied. This is the default setting
e Selected classes - all operations are applied to points of the selected classes only

If filtering is applied, a list of classes as standardized for the *.las file format is provided. Standard classes allow
using predefined standardized class types, for custom classes the other classes selection is available.

2.1.6 Output layer options

In the field ‘Output Layer’ an individual name for the layer to be created can be defined.
2.2 Creating an image layer - ‘Elevation First’

In the example Project, the first converted layer shall contain the value of the laser point with the maximum value
of first return for elevation. This layer will later be used to classify buildings.

The Project has optical data and an imported LiDAR *.las file. From the .las file the intensity is shown in the image
layer ‘LiDAR’. A Rule Set is provided for this exercise and needs to be loaded into the Project.

1. Right-click in the Process Tree window and select ‘Load Rule Set...’
2. Navigate to the tutorial folder and select the ‘Working with LiDAR las files_v1.dcp’ and confirm with OK
3. Finally, view both the optical and LiDAR data using a split screen viewer.

. . Ny =
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i.% File View Image Objects Analysis Library Classification Process Tools Export Window Help
BEH 0 Pi%hs’ 4 PEBH S AEED ONEE A% 06 tapce @006 | o-c-|BmEk BeaRhis|m - bt

Process Tree - (Working with LiDAR las files_v1, v.1) - B x

= Working with LiDAR
BR set rule set options
= Convert and comect (Twe conversians are applied, the Elevation from first Return is writter]

BIEASHIOM

= Convert LIDAR to new image layers (Two new image layyers are created. One containin
= Interpolating LIDAR Number of Retums  (Same 25 2beve, but peinting te Number of Re
« Interpolating LiDAR Elevation First (The new created images are interpolated to avoid
= [CHECK using not interpolated LIDAR]
= Segment and classify using interpolated LiDAR

Image Object Information - B X

Feature Value

No Feature or Object selected

\ Featires {Classfication | Class Evaluation /

Ready

Figure 10: The Project with Rule Set loaded.

LIDAR Linear [1.00%) 200% W |1

2.2.1 Create the image layer

1. Inthe Process Tree expand the parent processes ‘Working with LiDAR’, ‘Convert and correct’ and ‘Convert
LiDAR to new image layers’.

2. Double-click on the process ‘LiDAR Converter - write Elevation Maximum first returns on LiDAR)’ to open
it.

Process Tree - (Working with LiDAR las files_v1, v.1%) x

SRR Working with LIDAR i

BF set rule set options

= Convert and correct

m

- = Convert LiDAR to new image layers

----- ‘ LiDAR converter - write Elevation Maximum first returns on LIDAR

P ‘ LIDAR converter - write Mumber of returns Maximum all returns on LIDAR
[~ = Interpelating LIDAR Mumber of Returns
- = Interpolating LIDAR Elevation First -

*, Main /

Figure 11: Process Tree with process highlighted to convert to ‘Elevation First Return’.

hh
TRANSFORMING THE WAY THE WORLD WORKS @Trimble

Page 13



e T AR

Mame Algorithm Description
I P — B- Converts paint cloud infarmation into 200 raster laver.

LiDAR corverter - wite Elevation Masimum first returns on L Algorithm parameters

Algarithm Parameter Value
LiD&F fi e - 4 Input Data -
Image Layer (LAS file source) LiDAR b
Il Domain 4 Point Filter
execute - 4 By Class
Filtering <none
Parameter Value 4 By RGB value
Condition — lgnere paints with the specified red value none:
Map From Parent lgnore points with the specified green val...  <none:

lgnore points with the specified blue value  <none
4 By Distance

m

Minimum allowed distance <nones
Mazdmum allowed distance <none:
4 By Hevation
Minimum allowed elevation “rones
Mazdmum allowed elevation <none:
4 Converter Parameters
Poirt property Blevation
Result mode Madmum
Retums First -
4 Output Data
Qutput layer Elevation First
Loops & Cycles X
Loop while something changes only
Mumber of cycles 1 -
[ Execute J [ Ok ] [ Cancel ] [ Help

Figure 12: Process settings to convert the LiDAR to ‘Elevation First’ layer.
The selected algorithm ‘LiDAR File Converter’ can be found in the ‘LiDAR tools’ section of the algorithms list.
The algorithm uses the following parameters:

e In the field ‘Image Layer (LAS source file)’, ‘LiDAR’ is chosen from the list and defined as the sources of the
las file.

In the field ‘Convert Parameter’ the mode ‘Elevation’ is chosen from the drop down list.

In the field ‘Returns’, ‘First’ is chosen from the drop-down list.

In the field ‘Calculation’, the calculation mode ‘Maximum’ is chosen.

In the field ‘Output Layer’, the name ‘Elevation First’ is defined. This will be the name for the new created
image layer.

Execute the algorithm and review the layer created:

3. Execute the process.

4. Display in one viewer the original ‘LiDAR’ image file, in a second viewer display the new created ‘Elevation
First’ layer.

5. Hover with the mouse over the new layer ‘Elevation First” and evaluate the different values of this layer.
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Figure 13: Initial LiDAR data (left); converted image layer ‘Elevation First’ (right).
2.3 Creating the image layer ‘Number of Returns’

In the example Project, the second converted layer shall contain the value of the laser point with the maximum
number of all returns. This layer will be later used to classify trees.

2.3.1 The process settings

1. Double-click on the process ‘LiDAR Converter - write Number of returns Maximum all returns on LiDAR’

to open it.
o S B
Mame Algorithm Description
Automatic B1 Converts point cloud information into 20 raster layer.
LiD&R corverter - write Mumnber of retumns M aximum all retur Algorithm parameters
Algorithm Parameter Valus
- 4 Input Data -
Image Layer (LAS file source) LiDAR B
Dromain 4 Point Flter
execute - 4 By Class
Filtering <none:
Parameter Value 4 By RGB value
Condition — lgnare poirts with the specified red value  <none=
Map From Parent lgnore points with the specified green val...  <none=
lgnore poirts with the specified blue value  <none=
4 By Distance =
Minimum allowed distance <none:
Maximum allowed distance <none
4 By Hevation
Minimum allowed elevation <none:
Maxdimum allowed elevation <none
4 Converter Parameters
Puoint property Mumber of retums
Resutt made Maxdmum
Retums Al —
4 QOutput Data
Output layer Mumber of Retums i
Loops & Cycles
Laoop while something changes only
Mumber of cycles 1 -
[ Execute ] [ ak ] [ Cancel ] [ Help

Figure 14: Process settings to convert the LiDAR to ‘Number of Returns’.
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The algorithm uses the following parameters:

In the field ‘Image Layer (LAS source file)’, again ‘LiDAR’ is chosen from the list and defined as the sources
of the .las file.

In the field ‘Convert Parameter’ the mode ‘Number of Returns’ is chosen from the drop down list.

In the field ‘Returns’, ‘All’ is chosen from the drop-down list.

In the field ‘Calculation’ the calculation mode ‘Maximum’ is chosen.

In the field ‘Output Layer’ the name ‘Number of Returns’ is defined. This will be the name for the new
created image layer.

Execute the algorithm and review the layer created:

Execute the process.

Display in one viewer the original ‘LIDAR’ image file, in a second viewer display the new created ‘Number
of Returns’ layer.

Hover with the mouse over the new layer ‘Number of Returns’ and evaluate the different values of this
layer.

T

Figure 15: Initial LiDAR data (left); converted image layer ‘Number of Returns’ (right).
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Lesson 3 — Interpolating LiDAR data based on image objects

3.0 Lesson contents

Why interpolation?

Introduction to interpolating LiDAR data based on image objects
Storing current feature values in an object variable

Creating new values for those objects without a value

Creating the new image layer from an object variable

Creating the second interpolated layer ‘Elevation First’

The imported and converted LiDAR images shall be used to help segment and classify the trees and buildings in
this subset.

Trees are expected to have multiple returns and buildings are expected to have a high difference in elevation to
the surrounding neighbors.

Before using the image layers they must be interpolated because there are pixels with 0 values, disturbing the
object creation and feature calculation.

main

. .
., e - LN

R
" [l - -

Figure 16: LiDAR first return from elevation as displayed after applying the LiDAR converter algorithm (left); LiDAR first return
from elevation as displayed after interpolating (right).

3.1 Why interpolation?

To outline the objects best, both LiDAR image layers are used for segmentation. But to create meaningful objects,
the converted layers have to be interpolated. Also if later calculating the mean difference in elevation for
buildings, a 0 value object would give back misleading values.

A
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Map Temp [
Map Temp [P | =T

Figure 17: Not interpolated image layer (left); objects created using this layer (right).

3.1.1 Segmentation without interpolating image layers

All optical layers are used for segmentation. The two converted LiDAR images are used too, the weighting is set to
10 to balance the lower value range of these layers compared to the optical values.

The processing without interpolated layers is done on a separate map.

1. Inthe Process Tree collapse the parent processes ‘Convert and correct’.
Expand the parent processes ‘CHECK using not interpolated LiDAR'.
Execute the process ‘copy map to 'Map Temp".

Switch the viewer to the ‘Map Temp'.

Execute the multiresolution segmentation process

6. Turn on the object outlines and review the objects

vk wnN

Where the image layer have 0 values, small objects are created (as seen in Figure 17).

3.1.2 Classify trees without interpolating image layers

The mean value of the image layer ‘Number of Returns’ is used to classify Trees. In areas where the values of the
image layers is 0, no Trees are classified, a lot of holes are in the classification.

1. Execute the process ‘with NDVI > 0 at L2: Vegetation’ and ‘Vegetation with Mean Number of Returns > 1.1
at L2: Trees'.
2. Switch on the classification view and review the classification.

The classification of ‘Trees’ has a lot of holes.

e -
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Figure 18: Optical layers and Number of Returns in mixed view (left); classification Result (right).

3.1.3 Classify buildings without interpolating image layers

Objects with difference in elevation in comparison to their neighbors are classified as ‘Building’. In areas where
the values of the image layers is 0, the ‘Mean difference’ calculation gives back values not fitting for ‘Building’
objects, respectively other objects actually not being a building fulfill the condition. A lot of misclassifications are
the result.

1. Execute the process ‘loop: unclassified with MeanDiff_Mean Elevated First_10> 0.5 and Compactness < 2
at L2: Building’.
2. Switch on the classification view and review the classification.

A lot of objects are misclassified as ‘Building’.

[ ; Map Temp

Figure 19: Optical layers (left); classification Result (right).
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3.2 Introduction to interpolating LiDAR data based on image objects

To avoid problems in object creation and feature calculation, as explained in the previous chapter, the 0 value
pixels will be interpolated in both converted LiDAR image layers. To do so an object oriented approach is used
resulting in an interpolated image layer within the Project.

Mean Number of Returns
of those neighbors

Classified neighbors i
in deﬁlad distance (2).

Figure 20: The ‘Mean of neighbors’ is basis for updating the objects with 0 values.

main

Figure 21: Not interpolated image layer (left); interpolated image layer (right).
3.3 Storing current feature values in an object variable
This chapter covers the following:

e Classifying objects with a value
e Storing feature values in an object variable

3.3.1 Classifying objects with a value

The first step of this process sequence is to classify those objects which have a value for the ‘Number of Returns’
image layer. Therefore, a pixel-sized level is created and those objects are classified. Later a customized
class-related feature points to these classified objects.

1. Switch in the viewer to the main map.

- -
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2. Collapse the parent process ‘CHECK using not interpolated LiDAR’.
3. Expand the process ‘Convert and correct’ and ‘Interpolating LiDAR Number of Returns’.

Process Tree - (Working with LiDAR las files_vl, v.1*) x
- = Waorking with LIDAR

B set rule set options

= » Convert and correct

= Convert LIDAR to new image layers

Sl Interpelating LIDAR. Murnber of Returns

BE chess board: 1 creating '_termnp Level

ML with Mean Murmber of Returns » 0 at _temp Level: _object with value

----- E _ohject with value at _temp Level: ov_Feature Value = Mean Mumber of Returns
= |oop: while Mo. of unclassified = 0 (As long as an unclassified Object is existing,
E My at _temp Level: create temp. image layer 'Mumber of Returns Interpolated’ using
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[#-- = Interpelating LIDAR. Elevation First
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'

Figure 22: Process Tree with processes highlighted to interpolate ‘Number of Returns’.

4. Execute the process ‘chessboard: 1 creating'_temp Level".
5. Execute the process ‘with Mean Number of Returns > 0 at _temp Level: _object with value’.

The objects with 0 value stay unclassified, the others are classified.

Legend

Active clasz
£ _object with value

main
Figure 23: Classification View.

3.3.2 Storing feature values in an object variable

For all objects which have values, the mean values for the ‘Number of Returns’ will be written in an object

variable. This object variable is later used to do the interpolation of those objects with no values for the ‘Number
of Returns’ layer.
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1. Double-click on the process ‘_object with value at _temp Level: ov_Feature Value = Mean Number of
Returns’.
e Inthe Image Object Domain, ‘_objects with value’ is defined as Class.
As ‘Variable Type’ ‘Object variable’ is defined. This variable type assigns a value to every object.
In the field ‘Variable’ the name of the variable is defined, here ‘ov_Feature Value'.
In the ‘Operations’ field = is defined.
In the field ‘Assignment’ ‘by feature’ is defined. The value of the specified feature is written in the
objects specified in the Image Object Domain.
e In the field ‘Feature’ the feature ‘Mean Number of Returns’ is defined.

et process* e SN DR N U e = T eb-i
- —=—=

Mame Algorithm Description

Avtomatic B- Perform an arithmetic operation on a process vanable.

_object with value at _temp Level ov_Feature Yalue = Me. Algorithm parameters
Algorithm Parameter Value

| update wariable - Varable type Object variable
Variable ov_Feature Value
l Domain Operation =
image object level v Assignment by feature
Feature Mean Number of Retums

Parameter Value Comparizon unit Ma Unit

Level _temp Lewel e

Class fitter _object with value I

Condition — =

Map From Parent

Region From Parent —

Maz. number of objects all
Loops & Cucles

Loop while something changes only

Murnber of cycles 1 -

[ Execute ] ’ Ok ] ’ Cancel l [ Help ]

Figure 24: Process settings to update an object variable with values from feature ‘Mean Number of Returns’

2. Execute the process.
3. Go to the ‘Feature View’ window and browse to ‘Object Features > Variables’
4. Double-click on ‘ov_Feature Value'.

The object variable and the feature ‘Mean Elevation First’ currently have the same values.

3.4 Creating new values for objects without a value

The processing sequence to write interpolated values for objects with no value is repeated until no unclassified
object remains.

Within the loop, for all unclassified objects, the value of a Customized Relational feature is written in the object
variable. The features calculates the mean of the neighboring objects. This value is written in the object variable of
the unclassified objects.

The unclassified objects which now have values for the object variable are then classified as ‘_object with value’
too.
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3.4.1 The customized relational feature to interpolate

To calculate the interpolation a customized class-related feature is used, which computes the mean of the mean
values of all neighboring ‘_objects with value’ objects in a certain distance. This value is then stored in the object
variable for those objects, which have currently 0 value.

1. Go to the ‘Feature View’ window and browse to ‘Class-Related Features > Customized’.
2. Double-click on ‘ov_Feature Value'.

Feature View x
Vectorrelated -
Object features
Classrelated features

m

Customized
----- 2 Mean_ov_Featurs Value_2_objects with valus |
-+#+ Relations to neighbor objects
vl Relations to sub-objects
- & Relations to super-ohjects
-0 Relations to classfication -

| | ! . | | ! :

Figure 25: The customized feature calculates the mean from the mean values of the neighbors.

3.4.2 Execute the interpolation

1. Expand the process sequence ‘loop: while No. of unclassified > 0.

2. Select the process ‘unclassified at _temp Level: ov_Feature Value = Mean_ov_Feature Value_2_objects
with value’ and execute it.

3. Go to the ‘Feature View’ window and browse to ‘Object Features > Variables’

4. Double-click on ‘ov_Feature Value'.

Process Tree - (Working with LIDAR las files_v1, v.1%) x

= = Working with LiDAR -
..BR set rule set options

= » Convert and correct

= Convert LIDAR to new image layers

SR Interpolating LiDAR Mumber of Returns

—-mm 0032 chess board: 1 creating '_temp Level’

tL 0063 with Mean Nurmber of Returns = 0 at _temp Level: _object with value
Mg} _object with value at _temp Level: ov_Feature Value = Mean Number of Returns
== 0047  loop: while No. of unclassified = 0 (As long as an unclassified Object is e

b IE 0.047 unclassified at _temp Level: ov_Feature Value = Mean_ov_Feature Vali

fd PL <0.001s wnclassified with ov_Feature Value = 0 at _temp Level _object witF—
- By at _temp Level: create temp. image layer 'Number of Returns Interpolated' using

m

[+ » Interpolating LiDAR Elevation First
1| i | »

', Main /

Figure 26: Process Tree with processes highlighted to interpolate.

Objects which formerly had 0 values are updated and contain now the mean of the mean values of its neighbors.
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EN

Figure 27: Mean of ‘Number of Returns’ (left); updated object variable (right).

5. Select and execute the process ‘unclassified with ov_Feature Value > 0 at _temp Level: _object with
value’.
6. Select and execute the parent process ‘loop: while No. of unclassified > 0.

All objects have now interpolated values for ‘Number of Returns’.

Legend
Active clazs

> _ohject with value

,“. main
Figure 28: Classification view’ (left); updated object variable after executing the loop (right).
3.5 Creating a new image layer from an object variable

A new image layer ‘Number of Returns Interpolated’ is created from the values of the object variable ‘ov_Feature
Value’ using the algorithm ‘create temporary layer’. This image layer will then be used for segmentation and
classification instead of the original ‘Number of Returns’ layer.

: ‘,“;:,‘ ]
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3.5.1 The process settings

The algorithm ‘create temporary image layer’ is chosen. With this algorithm, you can create an image layer
containing feature values. It can be found in the ‘Image layer operation’ section of the algorithms list.

1. Collapse the process sequence ‘loop: while No. of unclassified > 0'.
2. Double-click on the process ‘at _temp Level:create temp. Image layer ‘Number of Returns
Interpolated...”.
e The Domain points to all objects of ‘temp_Level’
e In the field ‘Layer name’ the name ‘Number of Return Interpolated’ is defined.
® Inthe field ‘Feature’ the ‘ov_Feature Value’ is defined.

Process Tree x

= » Working with LiDAR
.-Eg set rule set options

*

=~ = Convert and correct  (Two conversions are applied, the Elevation from first Return i
= Interpolating LIDAR Mumber of Returns  (Same as abowve, but pointing to Numk 5

= (0185 Convert LIDAR to new image layers (Two new image layyers are createc

B8 0031 chess board: 1 creating '_temp Level'
L 0.063  with Mean Number of Returns = 0 at _temp Level: _object with valu
: |1T;\ 0078 _object with value at _temp Level: ov_Feature Value = Mean Mumbe —

= 0.047 loop: while No. of unclassified > 0 (As long as an unclassified Objec

at _temp Level: create temp. image layer 'Number of Returns Interpolated’ o

at _temp Level: delete -
4 1 | 3

s Main

Figure 29: Process Tree with process highlighted to create a temporary layer.

orees o I T T, |

Mame Algonithr D escription
. | Create a termporary image laper with values calculated from a selected feature for

Automatic B the image objects selected in the image object domain.

at _bemp Lewel: create temp. image laper Mumber of Fetur Algorithm parameters
Algarithm Parameter Value

- Output layer name Number of Retums Interpolated
Output lzyer visible Yes

Domain Feature ov_Feature Yalus

image object level - Value for undefined 0

Farameter Value

Level _temp Level -

Class filter none N ||
Candttion - =

Map From Parent

Region From Parent =—

Max. number of objects all

Loops & Cycles

Loop while something changes anly

Humber of cycles 1 -

[ Execute ] [ Ok ] [ Cancel l [ Help

Figure 30: Process settings to create the temporary layer ‘Number of Returns Interpolated’.
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3. Execute the process ‘at _temp Level:create temp. Image layer ‘Number of Returns Interpolated...”.

The new, interpolated image layer is created.

main

Figure 31: Feature View for ‘ov_Feature Value (left); new created layer (right).

3.5.2 Deleting the object level

To be prepared for the next interpolation the existing image object level is deleted.
1. Execute the process ‘at _temp Level: delete’.

3.6 Creating the second interpolated layer for ‘Elevation First’

The same problems with 0 values also exist for the ‘Elevation First’ layer. A similar interpolation process sequence
is applied to create an ‘Elevation First Interpolated’ layer.

1. Collapse the process sequence ‘Interpolating LiDAR Number of Returns’.
2. Expand the process sequence ‘Interpolating LiDAR Elevation First’.
3. Execute the parent process ‘Interpolating LiDAR Elevation First'.

: - N YTal
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Process Tree

= = Working with LiDAR
E set rule set options

Convert and correct  (Two conversions are applied, the Elevation from first Return is
Convert LIDAR to new image layers  (Two new image layyers are created, One cor
Interpolating LIDAR Mumber of Returns  (Same as above, but pointing to Mumber
Interpolating LIiDAR Elevation First (The new created images are interpolated to 3

B8 chess board: 1 creating '_temp Level' (Create a pixel-sized Level)

PL with Mean Elevation First » 0 at _ternp Level: _object with value (All Objects
@ _object with value at _temp Level: ov_Feature Value = Mean Elevation First (F
- ®  loop: while Mo, of unclassified » 0 (As long as an unclassified Object is existin
@ unclassified at _temp Level: ov_Feature Value = Mean_ov_Feature Value_2_|
L unclassified with ov_Feature Value » 0 at _temp Level: _object with value

‘ at _temp Level: create temp. image layer 'Elevation Frist Interpolated’ using "o

----- 2 gt _temnp Level: delete (The temporary Level is deleted.)
1 1} |

=

Main

Figure 32: Process Tree with processes highlighted to interpolate the ‘Elevation First’.

Figure 33: Original, converted image layer (left); new created, interpolated layer (right).
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Lesson 4 — Segmenting and classifying with interpolated image layers
4.0 Lesson content

e Segment with interpolated image layers
e Classify with interpolated image layers
e Classify buildings with interpolated image layers

4.1 Segment with interpolated image layers

All optical layers are used for segmentation. The two interpolated LiDAR images are used too, the weighting is set
to 10 to balance the lower value range of these layers compared to the optical values.

As the layers are interpolated now, no pixel-sized objects around the 0 values are created - the segmentation
produces meaningful objects.

1. Inthe Process Tree collapse the parent processes ‘Convert and correct’.
2. Expand the parent processes ‘Segment and classify using interpolated LiDAR'.

Process Tree *

== Waorking with LiDAR
----- Bg set rule set options
= Convert and correct  (Two conversions are applied, the Elevation from first Return is writ]
= [CHECK using not interpolated LiDAR]
EI = Segment and classify using interpolated LiDAR
: 7= 10 [shape:0.1 compct.0.5] creating 'L2' (Al optical layers are used for segmentation,
: b with NDVI > 0 at L2: Vegetation (The NDVIis used to classify Vegetation)
- bl Vegetation with Mean Number of Returns Interpolated > 11 at L2: Trees (Objects w

- kL loop: unclassified with MeanDiff_Mean Elevated First Interpolated_10 > 0.5 and Com

Il 1 3
*, Main

Figure 34: Process Tree with processes highlighted to segment and classify using the interpolated data.

3. Execute the process ‘10 [shape:0.1 compct.:0.5] creating 'L2"

4. Switch on the outlines and review the created objects.

5. Display in one viewer the segmentation of the main map, in the other the segmentation of the ‘Map
Temp'.

The objects are created in a meaningful way.

A
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Map Temp

Figure 35: Objects created using the interpolated image layer within the main map (left); objects created using the not
interpolated image layer within Map Temp (right).

4.2 Classify trees with interpolated image layers

The mean value of the image layer ‘Number of Returns Interpolated’ is used to classify Trees. As the 0 values are
corrected, the classification does not contain holes.

1. Execute the process ‘with NDVI > 0 at L2: Vegetation’ and ‘Vegetation with Mean Number of Returns
Interpolated > 1.1 at L2: Trees'.
2. Switch on the classification view and review the classification.

The trees are classified without holes.

Figure 36: Optical layers (left); classification results using interpolated image layer ‘Number of Returns Interpolated’ (right).

Compare to results using not interpolated image layer:
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TRANSFORMING THE WAY THE WORLD WORKS &w"ﬁ’T"lmhle+

Page 29



Active class
Sy egetation

L2

Figure 37: Optical layers and Number of Returns not interpolated in mixed view (left); classification results based on not
interpolated data (right).

4.3 Classify buildings with interpolated image layers
Objects with a difference in elevation in comparison to their neighbors are classified as Building.

As the 0 values of the not interpolated image layers are corrected, the Mean difference calculation gives back
correct values fitting for Building objects, respectively other objects actually not being a building do not fulfill the
condition. No misclassifications are the result.

1. Execute the process ‘loop: unclassified with MeanDiff Mean Elevated First Interpolated_10 > 0.5 and
Compactness < 2 at L2: Building’.
2. Switch on the classification view and review the classification.

Buildings are classified correctly, no misclassification of e.g. the road.
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Figure 39: Optical layers (left); classification results using not interpolated image layers (right).
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Where to get additional help & information?

The eCognition Community

The eCognition Community helps to share knowledge and information within the user, partner, academic and
developer community to benefit from each other's experience.

e eCognition®

The Community contains content such as:

e Wiki: collection of eCognition related articles (e.g. Rule Set tips and tricks, strategies, algorithm
documentation...).

e Discussions: ask questions and get answers.

e File exchange: share any type of eCognition related code such as Rule Sets, Action Libraries, plug-ins...

e Blogs: read and write insights about what’s happening around our industry...

Share your knowledge and questions with other users interested in using and developing image intelligence
applications for Earth Sciences at:

http://community.ecognition.com/.

The User Guide & Reference Book

Together with the software a User Guide and a Reference book is installed. You can access them in the Developer
interface in the main menu ‘Help>eCognition Developer User Guide’ or Reference Book.

The Reference Book lists detailed information about algorithms and features, and provides general reference
information.

eCognition Training
eCognition Training Services offer a carefully planned curriculum that provides hands-on, real-world exercises. We
are dedicated to enhancing customers’ image analysis skills and helping these organizations to accomplish their

goals.

Our courses are held in our classrooms around the world and on-site in our customer's facilities. We offer regular
Open Training courses, where anyone can register and In-Company Training. We also offer Customized Courses to
meet a customer's unique image analysis needs, thereby maximizing the training effect.

For more information please see our website or contact us at: eCognition_Training@trimble.com
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