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Introduction

About this Guided Tour

Welcome to the Guided Tour Advanced example of building extraction using LiDAR.

This tour is written for intermediate users of the eCognition software. It is expected that
the user has basic knowledge about the various eCognition products. It is recommended
to work through the Guided Tour Getting started - Example: Simple building
extraction using LiDAR before.

This Guided Tour will focus on the more advanced steps and strategies in developing a
Rule Set using eCognition.

Further information about eCognition products is available on the website
(http://ecognition.com).

Requirements
To perform this tutorial you will need
e eCognition Developer installed on a computer.

All steps of this Guided Tour, can be done using eCognition Developer or its trial
version (http://ecognition.com/products/trial-software ).

This edition is designed for self-study.

Data Included with the Guided Tour

Image Data
Image data can be found in the folder .../Data.

There are two .img files available for this Guided Tour,
‘RGB_Level3_Advanced_Example.img’ representing the aerial RGB data and
‘DSM_Level3_Advanced_Example.img’ representing the LiDAR Data.

Please note that the geoinformation of the data has been deleted.

Data courtesy of Woolpert, a premier supplier of ADS40 imagery and LiDAR data

Rule Sets

Rule sets are available in the Rule Sets folder. Whenever the Guided Tour refers to a Rule
Set it is to be found in this folder.

Project

The ready set up project can be found in the folder project.

6


http://ecognition.com/
http://ecognition.com/products/trial-software

Get the big picture

8

Import Template

Import Templates can be found in the folder ‘Data’. Whenever the Guided Tour refers to
an import template it is to be found in this folder.

How to use this Guided Tour

Symbols at the side of the document

If the side is hachured and ‘Introduction’ is added, this indicates that the text is giving a Introduction
general introduction or methodology about the following Lesson, method or exercise.

If the side is hachured and ‘Information’ is added, this indicates that the text is giving Information
information about the following exercise.

If this symbol is shown, you have to follow the numbered items in the text. If you just el

want to work through the exercises without reading the theory part, follow only this ﬁ
sign.

Action!

If this symbol is shown, compare the settings shown in the screenshot with the settings 7

in the according dialog box in Developer.
Settings
Check

If this symbol is shown check the screenshot of the Process Tree with the content of the 7
Process Tree in Developer.

Rule Set
Check
If this symbol is shown check the screenshot aside with the result Developer. It should 7
look similar.
Result
Check

Symbols for next step in Rule Set development

The following symbols show you always the next step to do. They will be prompted in
the text.

Get the big picture

This diagram expresses that the next step to do is to develop the core strategy,
containing the choice of the data to use. Get the big picture:

Rule Set Development
Data — Resl
m ’”Du’ 8 /EXW’

Figure 1: Get the big picture

Import data

This diagram expresses that the next step to do is to import your data:

7
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Rule Set Development

) ¢ 2
Figure 2: Import data

Develop strategy

This diagram expresses that the next step to do is to develop your next Rule Set
Development strategy step:

Rule Set Development

Data ~Resulti
Input = Export 4

e

Figure 3: Develop Strategy

Translate strategy into Rule Set

This diagram expresses that the next step to do is to translate your strategy into a Rule
Set:

Rule Set Development

Dat Resulf
g 3 i 2
Figure 4: Translate into Rule Set

Review result

This diagram expresses that the next step to do is to review your results:

Rule Set Development

Data ~Resulti
Input ) , Export /}

Figure 5: Review Result

Refine/expand strategy

This diagram expresses that the next step to do is to go back and develop your next
strategy step, because the result did not meet your requirements:

Rule Set Development

Data . T

—} .~ Resulf
nputlP i)(Expon 4

]
= 4

e

Figure 6: Refine/Expand Strategy



Get the big picture

Ready for export

This diagram stands for the stage where you are satisfied with the result and you can
export:

Rule Set Development

Data ) Result
Input } ‘/ Export}

Figure 7: Result is OK, ready for export.

Symbols for stage in Rule Set development

There are also diagrams in the header of the document showing the current stage you
are:

5’ Get the big picture
Dat’
P Import the data

%’ Develop strategy step
” ' " Write Rule Set
\
Review intermediate result
Res
Export result
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Lesson 1 Get the big picture

Rule Set Development

Data Resu
lnpu’ g ‘/Expo’

Classifying buildings using fixed heights, like in the Guided Tour 1 is not very
transferable. The height can differ from scene to scene.

\

In this advanced Guided Tour you will learn techniques to classify buildings in a much
more transferable way. Therefore first robust and significant features of buildings have
to be identified.

One very robust characteristic of buildings is the sudden change in elevation at its
borders and that buildings have a very different elevation than their surrounding.

So on the one hand the high slope surrounding a building and on the other their
difference in height are used to classify buildings.

For this module a larger subset with more complex buildings is used.

Creating image objects

e Anew image layers will be created, using smoothing and surface filters, additionally
a buffer at scene border is created.

10




Get the big picture

e  The created slope layer has high contrasts. The steep areas and flat areas are
analyzed. Therefore a segmentation on basis of the slope layer using the ‘Contrast
Split Segmentation’ is applied. This segmentation gives back the best result in one
step.

Figure 9: Image objects are created on basis of the new created layer using the auto adaptive
algorithm ‘contrast split segmentation’.

Classification

Identify those objects, which are obviously not buildings

The overall classification approach to get initial building classification is a so called
‘masking technique’. This means that objects are excluded which obviously do not
belong to the target class ‘Building’.

e  Classify steep areas

Figure 10: Steep areas are classified (blue).

e  (lassify ground

Figure 11: Ground is classified (green).

11
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Classify remaining unclassified as buildings

e  Classify buildings based on their difference in elevation.

s o e T
Figure 12: Buildings are classified (red).

Refine the buildings by growing them into steep areas

e Reshape objects based on spectral layers and refine buildings based on context,
shape and spectral features.

Figure 13: Buildings (red) are refined.

Export the result

e  Export a shapefile.

Next step: Import the data!

Rule Set Development

Data ’ ,Resulth
Input | Export }
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Loading the data

Lesson 2 Loading the data

This lesson covers the following content

= Open eCognition Developer Rule Set Mode

= Option 1: Using workspace and import template

= Option 2 (Trial version): Create an individual Project

; . S Information
For this module a larger subset with more complex buildings is used.

The scene to be loaded has an extend of 2005 to 2005 pixel, this means 4050025 pixels.
The resolution of the RGB data is 0,5 feet, respectively 0.1524 meter. This means an area
of 1012506 square inches, respectively almost one square kilometer is analyzed.

NOTE:

If you are working with the Trail Version, you have to jump to chapter 2.3 to create
and save projects individually. The workspace functionality is not available.

2.1 Open eCognition Developer Rule
Set Mode

When starting eCognition Developer you can optionally start it in either: Introduction
e Quick Map Mode

or

e  Rule Set Mode

The Quick Map Mode is designed to allow a user solving simple analysis tasks without
having to get involved with Rule Set development. The main steps in analyzing an image
are creating objects, classifying objects and exporting results. For each of these steps, a
small assortment of predefined actions is available.

The Rule Set Mode provides all necessary tools to develop own Rule Sets. In all the
Guided Tours, the Rule Set Mode is necessary to accomplish the exercises.

1. Start eCognition Developer. %,
2. Select ‘Rule Set Mode’'.

Action!

13
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&

Settings .
check koo ot Rule Set Mode

Select Startup Mode

)

7

Figure 14: Select ‘Rule Set Mode’ to have all tools available.

2.2 Option 1: Using workspace and
import template

2.2.1 Create a new workspace

Information
In the ‘'View Settings’ toolbar there are 4 predefined View Settings available. Each view
setting is specific to the different phases of a Rule Set development workflow. To create,
open or modify a workspace, make sure that you are in the ‘Load and Manage Data’
view.

el 1. Select the predefined view setting number 1 ‘Load and Manage Data’ from the
‘View Settings’ toolbar.

2. To create a new workspace, do one of the following:

Action!

e (lick the ‘Create New Workspace button’ gon the toolbar.
e  Choose ‘File > New Workspace' from the main menu bar.

The ‘Create New Workspace’ dialog box opens.

Create New Workspace

MName:

Folder: ‘ D hGuidedTour

wWorkspace path:  D:\GuidedTouriNew Workspace

Figure 15: ‘Create New Workspace’ dialog box.

3. Enter a Name for the new workspace. The default name is ‘New Workspace’'.
4, Browse for a location to save the new workspace.

5. Confirm with ‘OK’ to create the workspace. It is displayed as the root folder in the
left pane (the tree view) of the workspace window.

14



Loading the data
Dat

Inp

2.2.2 Import data in the workspace with an
import template

In this Guided Tour the project used contains an RGB image file plus the LIDAR DSM. Information

Every channel, red, green, blue and the DSM shall have an alias to make further
processing more transferable. This means the loaded data will not appear with its
default naming Layer1, Layer2 etc. but have meaningful names like red, green, blue and
DSM.

Besides that areas containing no data values have to be defined.

All these settings are already defined in the customized import template file (in xml
format) we want to use for import.

1. Select the predefined view setting number 1 ‘Load and Manage Data’ from the il
‘View Settings’ toolbar. i

2. Right-click in the left workspace window and choose ‘Customized Import’ from the
menu. Action!

The ‘Customized Import’ dialog box opens.
3. Make sure that the 'Workspace’ tab is active.

4, Click on the ‘Load’ button and browse to the
’...\GuidedTour3_eCognition8_AdvancedRuleSetWriting_ExampleBuildingExtractio
n\Data folder. Select the ‘Custolmport_GuidedTour_Level3.xml'.

bl

Define the ‘Root Folder’' by browsing to the folder the data is stored.
6. Define ‘RGB_Level3_Advanced_Example.img’ as Mastefrfile.
7. Confirm with ‘OK'.

v

‘Wworkspace ] Image Layers] Thematic: Layers] Metadata] Scene]

Settings
It e [ uistornized Import Guided Tour Lewvel 3 Check
Foot Folder: |D:'\Level3_GuidedTour_AdvancedE wample0fBuildingEstraction\Data Select...
Master File: |HI3B_Level3_Advanced_Example.img Select...
Search Sting: |{{loot}\{any-FoIders}\rgb_{scene}. img: reverse} Test
Scene Mame: |{scene} J

[ Create workspace folder from search string

[~ Create workspace folder from file systern

Previe:
Y ariahle | Walue
roat D:hLeveld GuidedT our_AdvancedE Rample0BuildingE straction'D ata
TCENE Leveld ddvanced Example
any-folders
Scene Mame Leveld ddvanced Example

Load... | Save... | Clear Clear ‘workspace 0K | Cancel

Figure 16: The settings defined in the .xml are loaded

15
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&

Check
Workspace

=3

Action!

Information

=3

Action!

Workspace
2 AdvancedExampledfEuildingExtraction | Mame State Time Scale
Level3_Advanced_Example Created 0.5 mafpxl
< >
|List View ﬂ Filters 1 items (0 selected)

Figure 17: The project ‘Level3_Advanced_Example’ is created.

2.3  Option 2 (Trial version): Create an
individual Project

2.3.1 Define the data to be loaded

1. Tocreate an individual project, click on the ‘Create New Project’ button i or go
to main menu ‘File>New Project’

The ‘Create Project’ dialog box together with the ‘Import Image Layer’ dialog box
opens.

2. Navigate to the folder
’...\GuidedTour3_eCognition8_AdvancedRuleSetWriting_ExampleBuildingExtractio
n\Data’.

3. Mark the following image files and click ‘Open’.
e RGB_Level1_Simple_Example.img04mar_multi.img
e DSM_Level1_Simple_Example.img

The ‘Create Project’ dialog box opens.

4. Inthe ‘Create Project’ dialog box in the field ‘Name’ either enter a meaningful name
for the project, e.g. ‘Building extraction’. Or keep the default naming according to
the first loaded image file ‘RGB_Level1_Simple_Example’.

2.3.1 Define layer alias

In order to generate Rule Sets that are transferable between different datasets, the
loaded channels have to have aliases assigned to them.

1. To assign a layer alias, select the layer in the ‘Create Project’ dialog box and
double-click it.

2. Assign for layer 1 ‘blue’.
3. Confirm the alias with ‘OK’

Assign the following aliases to the other layers,:

16



Loading the data

e Layerl >red e Layer4 ->DSM
e Layer2 ->green
e Layer3 ->blue

2.3.2 Assign ‘No Data’ values

If there are areas with 0 or other artificial values not containing any relevant information, Information
they can be set as ‘No Data’ areas. These areas will not be processed in any way, no

objects will be created for these areas. In the current example, there are areas, where the

RGB contains no information but the DSM, these areas are set to be ‘No Data’.

4. Click on the ‘No Data’ button. %,
5. Inthefield ‘Global No Data Value’ switch on the check-box and enter the value 0.

i 1
This indicates that an area is defined as ‘No Data’ if any of the layers contains a 0 value Action!

pixel.

6. Confirm the settings with ‘OK'.

2.3.3 Confirm the settings to create the
project
7.  After all alias are defined, click ‘OK’ at the bottom of the ‘Create Project’ dialog box.

The new project is created.

Lesson 2 covered the following content

= Open eCognition Developer Rule Set Mode
= Option 1: Using workspace and import template

= Option 2 (Trial version): Create an individual Project

Next step: Develop Strategy for fist analysis step!

Rule Set Development

7~
Dat { Res
Inp' : ; ‘/Exp

17
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Lesson 3 More information out of
DSM data: image filtering

This lesson covers the following content

= Strategy to get more information out of DSM data

= Translating the strategy — use ‘image layer operation’ algorithms

= Review results— two new image layers are created

3.1 Strategy to get more information
out of DSM data

Around a building the slope is obviously very steep. Leaf-off trees, which are elevated
objects as well, are totally covered by steep slopes, due to the fact that the lasers one
time hits a branch, the other time goes through to the ground.

This information is quite unique and can be used as characteristic feature for
classification. But this slope information is not directly contained in the data loaded.

eCognition Developer provides the possibility get more out of your image layers by
running filter algorithms to creating new layers. This can be smoothing filters to
reduce noise/detail or edge filters.

A very interesting filter for building extraction is the ‘Surface calculation’ filter, which
calculates slopes within the data.

o S o
B [:\ - g Y- r 2
Figure 18: Left: RGB data; Middle: DSM; Right: new created slope layer

18



More information out of DSM data: image filtering

=

Differences in resolution between DSM and RGB lead to saw-tooth distortion

The different resolutions of DSM and RGB data result in artificial, wrong slope
calculation, when creating applying a slope filter on the raw, DSM layer which has a
lower resolution then the loaded RGB data.

The effect from differing resolutions can be avoided by:
e  First creating a smoothed DSM layer

e Second create on basis of the smoothed DSM the slope layer.

“F

Figure 19: Left: Red image layer, Middle: DSM smoothed; Right: Slope filter applied on smoothed
DSM.

The graphic below shows the difference in slope calculation using the unsmoothed or
the smoothed DSM:

EEEEE)
T

0 slope

elevation
steep

DSM unsmoothed: ....Therefore tgsemels with the

Due to the different resolution, same elevation give back flat slopes,
neighboring pixels have the same steep slope occur only at borders of
elevation.... coarser DSM pixel
] All pixel have slope
5
g
K]
[
HI
+
DSM after smoothing algorithm Therefore no artificial flat slope.

is applied:
All pixel have different elevation

Consequently two different algorithms have to be used. One creating a smoothed DSM
layer and one creating a slope layer based on the smoothed DSM layer.

19
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Next step: Translate Strategy into Rule Set!

Rule Set Development

Datam | )& 5 »Result
Input x) Export p

20



II ' More information out of DSM data: image filtering

3.2 Translating the strategy - use
‘image layer operation’ algorithms

This chapter covers the following content

= Introduction to the algorithm ‘convolution filter’
= Create a smoothed DSM layer using the ‘convolution filter’ algorithm

= Create aslope layer using the ‘surface calculation’ algorithm

3.2.1 Introduction to the algorithm
‘convolution filter’

The ‘convolution filter’ algorithm uses the Gauss Blur filter for smoothing. Important Introduction
setting is the Kernel size. The Kernel size influences the degree of smoothing, as it
defines the box with which the individual pixel is compared. The higher the Kernel size,
the more the data is smoothed.

In our case, the resolution of the RGB data is 5 times lower than the resolution of the
DSM, this means the Kernel must be about 10. The value 9 already gives back the desired
result.

Figure 20: Diagram of Kernel size.

Use the surface calculation algorithm to derive the slope for each pixel of a digital
elevation model (DEM). This can be used to determine whether an area within a
landscape is flat or steep and is independent from the absolute height values.

Two algorithm types are available:
e Slope Zevenbergen, Thorne (ERDAS):

Uses the Zevenbergen Thorne method to calculate slope. See: Quantitative analysis of
land surface topography. Zevenbergen, L W; Thorne, C R Earth Surface Processes and
Landforms [EARTH SURF. PROCESS. LANDFORMS.], vol. 12, no. 1, pp. 47-56, 1987 #

e  Aspect (Horn's Method)

Uses Horn's Method to calculate aspect. See: Horn, B. K. P. (1981). Hill Shading and the
Reflectance Map, Proceedings of the IEEE, 69(1):14-47.

In this Guided Tour the ‘Slope Zevenbergen, Thorne (ERDAS)’ algorithm is used. With
this algorithm you can define:

21
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Introduction

Which ‘Gradient unit’ to use, percent or degree. In this Guided Tour the
‘Percent’ is used.

The ‘Unit of Pixel Values’ Here the unit of the pixels compared to the unit of
the elevation is set. In our case the value 1 is kept. This will give back a wider
range of percentages. Respectively the slope is strengthened and more
contrasted. The values will range between 0 and 192 percent not from 0 to 128
percent.

As ‘Input layer’ the smoothed DSM layer is used.

22
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3.2.2 Create a smoothed DSM layer using the
‘convolution filter’ algorithm

Prepare the process structure

1. Select the predefined view setting number 4 ‘Develop Rulesets’ ﬂ from the ﬁ

‘View Settings’ toolbar.

2. Right-click in the ‘Process Tree’ window and select ‘Append New’ from the context Action!
menu. In the ‘Name’ field enter the name ‘Building Extraction’ and confirm with
‘OK'.

3. Right-click on the process ‘Building Extraction’ and select ‘Insert Child’ from the
context menu. Insert ‘Apply Image Filters’ in the ‘Name’ field and confirm with
‘oK.

Insert process using algorithm ‘convolution filter’

The ‘convolution filter’ uses the Gauss Blur filter for smoothing. Important is to set the Ifoisiaton
Kernel size, as discussed in 3.2.1 Introduction to the algorithm ‘convolution filter’.
1. Right-click on the parent process ‘Apply Image Filters’ and select ‘Insert Child’

from the context menu.
Choose the algorithm
The 'Image layer operation’ algorithms are not part of the default algorithm list. You
have to add it to the drop down list first.
2. Drop-down the algorithm list. il
3. Scroll to the end of the list and click on ‘more...". ﬁ
4. Inthe ‘Available algorithms’ window, go to the category ‘Image layer operation’ Action!

and double-click on ‘convolution filter’ and ‘surface calculation’ too.

NOTE:

Instead of picking algorithms from the drop-down list, you can simply type in the first
two or three letters of the algorithm and you get a selected list.

Name

Iv Automatic E

‘convolutlon fiter [Gauss Blur, 3x 9 x 1) 'DSM" => "dsm_smo

Algorithm

|conv A 4

= -
+% convert to sub-objects
[#) convert image objects
% convolution filter

Parameter Value

Both algorithms are now listed in the ‘Selected algorithms’ window.
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4

Settings
Check

Action!

5. Confirm with ‘OK'.

6. Select the algorithm ‘convolution filter’ in the algorithm drop-down list.

Select Process Algorithms

Available algorithms

Piocess related operation
Segmentation

Basic Classification
Advanced Classification
Variables operation

21X

Selected algorithms

Process related operation
Segmentation

Basic Classification
Advanced Classification
Variables operation

Reshaping Reshaping
Interactive operations Level operation

Sample operation “________..-—qvmr"-_ Image layer operation
Image layer operatio @Y convolution filter

‘ create temporary image layer D suitace calculation

e SR C R e A S
LRI I I I

}

-850 656 E
" 2 s o omowoEowow

delete image layer + = Export

layer nomalization + = Workspace automation
median filter

pixel freq. fiker

edge extraction lee sigma
edge extraction canny
layer arithmetics
line extraction
+ = Thematic layer operation
Export
Workspace automation
create scene copy
[ create scene subset

n delete srenec

¥
=

Cares

Figure 21: The algorithms convolution filter’ and ‘surface calculation’ are moved to the ‘Selected
algorithms' list.

Set the algorithm parameter

1. Inthefield ‘Type’ keep ‘Gauss Blur’, keep the ‘Advanced parameter’ 1.

2. Inthefield’ 2D kernel size’ insert 9.

3. Inthefield ‘Input layer’ define the source layer for smoothing: ‘DSM'.

4. Inthe field ‘Output layer’ type in ‘dsm_smoothed'. This will be the name of the

smoothed layer to be created.
5. Inthe field ‘Output layer type’ keep ‘as input layer'.
6. Confirm the settings with ‘OK'.

7. Right-click on the process and select ‘Execute’ from the context menu.
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Edit Process

Mame

¥ Autamatic E:

|c:0n\-'0|uti0n filter [Gauss Blur, 3 % 9« 1] 'D5M' => 'dsm_smo

Algorithm

Image Object Domain

pixel level -
Pararneter Yalue

Map From Parent
Threshold condition

Loops & Cpcles
MNumber of cycles |1 j

Algorithm Degcription
Applies convolution filter to & layer.

Algorithm parameters

Parameter
Tupe
Advanced parameter
= Kernel
2D kemel size
Mumnber of slices
= Layers
Input layer
Input region
Output layer
Output layer tppe

Execute | Ok

More information out of DSM data: image filtering

Yalue
Gauss Blur
1

DS

none
damn_smaoathed
az input layer

| Cancel Help

Figure 22: Process settings to create new layer ‘dsm_smoothed'.

3.2.3 Create a slope layer using the ‘surface

calculation’ algorithm

1. Right-click on the last process and select ‘Append New’ from the context menu.

2. Select the algorithm ‘Surface calculation’ in the ‘Algorithm’ drop own list.

Edit Process

Mame

¥ Autamatic B:

|surface calculation [Slope [Zevenbergen, Thome [ERDAS])

Algorithm

Image Object Domain

pixel level j
Parameter Walue

Map From Parent
Threshold condition

Loops & Cycles
Mumber of cycles [q j

Algorithm Description

Algorithm parameters

Parameter
Algorithm

Gradient unit

Unit of Pixel ¥ alues
Input layer

Input region
Output layer
Output layer type

Execute | Ok

Yalue

Slope [Zevenbergen, Thome (E..

Percent

1
dzm_smoothed
hiore
dzm_slope

az input layer

| Cancel Help

Figure 23: Process settings to create new layer ‘dsm_smoothed'.
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Set the algorithm parameter

- o 1. Inthe field ‘Algorithm’ keep ‘Slope Zevenbergen , Thorne (ERDAS)’
2. Inthe field ‘Gradient unit’ keep ‘Percent’.
Action! 3. Inthe field’ Unit of Pixel Values' keep 1.
4. Inthefield ‘Input layer’ choose ‘dsm_smoothed’ from the drop-down list.

5. Inthe field ‘Output layer’ insert ‘dsm_slope’. This will be the name of the layer to
be created.

6. Confirm the settings with ‘OK'.

v 7. Right-click on the process and select ‘Execute’ from the context menu.
Rule Set
Check =l = Building Extraction

- = Apply Image Filkers
convolution filter (Gauss Blur, 9 x 9 x 1) 'DSM' == "dsm_smoothed'
surface calculation (Slope (Zevenbergen, Thorne (ERDAS)), Percent): 'dsm_smoathed' =2 'dsm_slope’

M| 4| »| »[*Main

Figure 24: Process Tree with image layer operation processes added.

Next step: Review Result!

Rule Set Development

Data }

-Result
Input }

Export
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More information out of DSM data: image filtering

i
%

3.3 Review results- two new image
layers are created

4

Result
Check

- mz

Figure 25: Top left: the optical RGB data; Top right: the original DSM; Lower left: the smoothed
DSM; Lower right: the slope layer.

Two additional image layers have been created, the smoothed DSM and the slope layer,
which is based on the smoothed DSM.

The ‘smoothed_DSM' layer is basis for later segmentation and classification.

Next step: Develop next analysis step!

Rule Set Development

Data } -
="

= .. Result
i |1
Input :: XExpon}

Lesson 3 covered the following content

= Strategy to get more information out of DSM data

= Translating the strategy — use ‘image layer operation’ algorithms

= Review results— two new image layers are created
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Introduction

Lesson 4 Creating image objects

This lesson covers the following content

= Strategy to create image objects — use slope layer and ‘contrast split segmentation’

= Translate the strategy — use algorithm ‘contrast split segmentation’

= Review result — medium and steep objects are separated

4.1 Strategy to create image objects -
use slope layer and ‘contrast split
segmentation’

For further classification objects are needed to represent the steep areas of the slope
layer. The high slopes are very high contrasted in the slope layer.

In opposite to the other segmentation algorithms, the ‘contrast split segmentation’ is
predestinated to segment images with significant contrasts, like it is the case for the
slope layer, at once and auto adaptive. For example with the multiresolution
segmentation an additional classification and merge steps would be necessary to get a
similar result and it would not be auto adaptive.

Simply said, the ‘contrast split segmentation’ splits up objects into dark and bright. It
calculates the best threshold for splitting automatically. The ‘contrast split
segmentation’ is fast and creates very suitable image objects representing in our case
the slope information.
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(reating image objects

As the contrast split segmentation works on existing objects only, within the algorithm Introduction

first an object level is created using a very large tile size. After this the actual contrast
split segmentation is then applied.

Two segmentation steps will be necessary, one to get the general steep initial slope
objects, a second to separate those with medium slope from the very steep.

o= =L

Figure 26: Left: Objects after first segmentation step; Right refined after second segmentation step.

Strategy summary:

e Create initial objects using ‘contrast split segmentation

e Refine the object segmentation with a second ‘contrast split segmentation’
step

Next step: Translate Strategy into Rule Set!

Rule Set Development
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4.2 Translate the strategy - use
algorithm “‘contrast split
segmentation’

This chapter covers the following content

Introduction to the algorithm ‘contrast split sesgmentation’
Create initial objects using ‘contrast split segmentation’

Review intermediate result

N T PR %

Refine with a second ‘contrast split segmentation’ step

4.2.1 Introduction to the algorithm ‘contrast
split segmentation’

I The following things you have to consider for the set up:
e Thetile size for the initial objects
e Thevalue range
e  The step-size to proceed from the lowest value to the largest

e The contrast mode after which the contrast is calculated

The tile size for the initial, internal object creation

The tile size should be large enough to ensure that only one object per scene is created.
Assuming that no tiles/subsets are processed larger than 10000x10000 pixels, the tile
size is set to this value.

If a lower value is chosen, there could appear artificial object borders.
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(reating image objects

Evaluate the slope layer to get minimum and maximum
threshold

(RIR

Figure 27: ‘dsm_slope’ layer.

1. Display only the slope layer. To do so use the ‘Edit Layer Mixing’ dialog box and <
switch off all other image layers. i

ion!
Minimum and maximum value of the slope layer Action!

2. Check the minimum and maximum values by creating the features ‘Scene
features>Scene related> Largest actual pixel value’ and ‘>Smallest actual pixel
value’ and ‘Largest actual pixel value'.

Image Object Information [

Feature Yalue

Scene-Related Smallest actual pixel value
dzm_slope 1]

Scene-Helated Largest actual pixel value
dzm_zlope 192.89

4| 4| »| w|"Features 4 Classification 4 Class Evaluation

Figure 28: ‘lmage Object Information’ window with smallest and largest actual pixel value
displayed.

These values represent the steepest and the flattest slope, respectively the maximum
and minimum value of the range to look into for contrast split segmentation.
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Introduction

Action!

Step size

The step size defines by which value the threshold will increase from the minimum
threshold to the maximum threshold. The value can either be added to the threshold
or multiplied by the threshold, according to the selection in the ‘Stepping type’ field.

The algorithm recalculates a new best threshold each time the threshold is changed by
application of the values in the ‘Step size’ and ‘Stepping type’ fields, until the
maximum threshold is reached.

Higher values entered for ‘Step size’ will tend to execute more quickly; smaller values
will tend to achieve a split with a larger contrast between bright and dark objects.

Conclusion:

In our example a step size of 20 is suitable. A lower step size would increase processing
time, but bring no better results, a coarse value would result into too generalized
objects.

4.2.2 Createinitial objects using ‘contrast
split segmentation’

1. Collapse the parent process ‘Apply Image Filters’, right-click on it and select
‘Append New'. Name the process ‘Segmentation’.

2. Right-click on the new parent process and select ‘Insert Child’ from the context
menu.

3. Choose the algorithm ‘contrast split segmentation’.

4. Inthe Image Object Domain’ keep from ‘pixel level'.

Define algorithm parameters

1. Setthe ‘Chessboard Tile Size’ to 10000.

2. Inthefield ‘'Minimum threshold’ field insert 0.

3. Inthe field ‘Maximum threshold’ field insert 200.
4. Inthefield ‘Step size’ 20.

5. Keep ‘add’in the field ‘Stepping type'".

6. Inthe field lmage Layer’ choose ‘dsm_slope’. This specifies the image layer on
which the segmentation will be based on.

7. Set’unclassified’ in the fields ‘Class for bright objects’ and ‘Class for dark
objects’. These fields could be used if you immediately want to classify.

8. Keep the default settings of all other fields.
9. Execute the process.

Levell is created according to the settings in the process.
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Edit Process

Mame Algarithm D escription
% Automatic E: contrast split seamentation Settings
|edge ratio split dsm_glope [0-200:+20] :10000-> [creating 'L Algorithm parameters Check
Algorithm Pararneter Yalue
ﬂ = Settings re
Chessboard Tile Size 10000
Image Object Domain Level Name Levell
Py Minirmum threzhold 0
Pkl leve ﬂ I awirmum threshald 200
Parameter Yalue Step e D
Stepping type add
Map From Parent
Thieshald condi Image layer dzm_slope
reshold condiion Clazs for bright objects unclassified
Clazs for dark objects unclassified
= Advanced Settings
Contrast mode edge ratio
Execute spliting ez
“ariable for best threshald ﬂ
Loops & Cpcles
Mumber af cycles |4 j
Execute | Ok | Cancel | Help |

Figure 29: Process settings for creating image objects on basis of the ‘dsm_slope’ layer using the
‘contrast split segmentation’.

Process Tree £ J

= = Building Extraction
< ppply Image Filters Rule Set

- = Segmentation Check
Bj edge ratio split dsm_slope [0-200:420] :10000-> [creating 'Levell, unclassified,unclassified]

“ 4 » » Main

Figure 30: Process Tree with first segmentation process added.

Next step: Review Result!

Rule Set Development

Data . Resulth
Input s Exports
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4.2.3 Review intermediate result

Result
Check

Figure 31: Objects after first segmentation step.

All contrasted objects have been segmented, but still medium and high slope are not
separated yet.

Therefore another segmentation step must be added to separate those, again using
the ‘contrast split segmentation’, but with different settings.

Next step: Develop strategy for next analysis step!

Rule Set Development

Data . o)) < Result
Input 5 :: X/Expm't

e
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=

4.2.4 Refine with a second ‘contrast split
segmentation’ step

Recap of Strategy:

To separate medium and very steep areas, another segmentation step has to be Intoducton

added. Again the ‘contrast split segmentation’ is used, but with different settings.

Find new minimum value for contrast

Display the ‘dsm_slope’ and browse the cursor over areas where steep and very steep
areas connect.

There medium steep areas have upper values about 70. From 70 onwards, the very
steep areas begin.

Copy, paste and edit the ‘contrast split segmentation’

1. Right-click on the ‘contrast split segmentation’ process and select ‘Copy’ from the e
context menu. 2. Right-click again and select ‘Paste’.

Action!

An exact copy of the previous process has been added.

3. Double-click on the pasted process to open the ‘Edit Process’ dialog box.
Alternatively use [Ctrl[+{d and [Ctrl |+ M|

4. In the ‘Image Object Domain’ change from ‘pixel level’ to ‘image object level'.

5. Make sure that ‘Level1’is selected., only objects already created in Level1 shall be
reshaped.

6. Inthe field ‘Minimum threshold’ change the value to 70.
7.  Confirm the settings with ‘OK'.

8. Execute the process.
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4

Settings
Check

4

Rule Set
Check

Edit Process

Mame

¥ Automatic

B‘:

|edge ratio zplit dzm_slope [0-200:+20] :10000-> [creating ‘L

Algorithm Description
contrazt split segmentation

Algorithm parameters

Algorithm Parameter Yalue
|contrast split segmentation ﬂ = Setting ' . ||
i -
Image Object Domain I awirmum threshold 200
Step size 20
|image object level ﬂ Stegping ype add
Parameter Yalue Image layer dam_slope
Level Levell Class for bright objects unclassified
ETVE it SV Class for dark objects unclaszified
T:Sshl E i nens = Advanced Settings 1
M reshold condiion From Parent Contrast mode edge ratio
R ap. me Parent E=ecute splitting ez
egion rom Paren B
M g ber of i i I Yariable for best threshold
8% umher ol mage ohl.. 1@ ‘Yariable for best contrast
Minirnurn relative area dark 01 ﬂ

Minimum threshold

Mimimum gray value that is uzed to find the best threshold ta uze for
Mumber of cycles |4 ﬂ splitting.

Execute Ok
| |

Figure 32: Process settings for refine objects using the ‘contrast split segmentation’.

Loops & Cycles

Cancel | Help

Process Tree

= » Building Extraction
+- = Apaly Image Filters
- = Segmentation
B =dge ratio split dsin_slope [0-200:420] :10000-> [creating 'Levell', unclassified,unclassified]
M at Levell: edge ratio split dsm_slope [70-200:+20] -> [unclassified,unclassified]

H 4 » » ' Main

Figure 33: Process Tree with second segmentation process added.

Next step: Review Result!

Rule Set Development

Data i Result|
Input ¥ Export®
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|

4.3 Review result - medium and steep
objects are separated

v

Settings
Check

Figure 34: Objects after the second segmentation step.

The objects have been split up into areas of very steep slope and areas with medium
steep slope.

The objects are now ready for classification.

Next step: Develop strategy for next analysis step!

Rule Set Development

4
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Introduction

Lesson 5 Classifying steep areas

5.1 Strategy to classify objects with
steep slope

An additional image layer was created, which contains information about slope, and
objects were created representing the areas off different slope.

In a first classification step now the steep areas must be defined. They are later basis for
creating the building objects.

Trees and buildings are both objects with steep slopes, which could lead to
misclassifications. This means, they later on they must be excluded from further analysis
to avoid misclassifications.

Active clasz

i Steep

Figure 35: The steep areas are classified.

Next step: Translate Strategy into Rule Set!

Rule Set Development

Data S »Result
Input /?" Export

e
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5.2 Translating the strategy — use ‘Mean
of dsm_slope’

This chapter covers the following content

= Find a threshold to classify steep areas

= Insert process to classify steep objects

5.2.1 Find a threshold to classify steep areas

The created layer ‘dsm_slope’ can be used as any other image layer. Using the mean Information
DSM values steep from not steep areas can be separated.
1. Inthe ‘Feature View’ window browse to ‘Object features>Layer Values>Mean'. =
2. Double-click on the feature ‘dsm_slope’ and ‘Update Range’ from the context
menu. .
Action!

3. Increase the lower range to the value 50. All relevant steep areas have slope
values above 50.

7

Result
Check
Figure 36: Feature View with values more than 50.
5.2.2 Insert process to classify steep objects
1. Collapse the parent process ‘Segmentation’, right-click on it and select ‘Append -l
New’. Name the process ‘Classification’. ﬁ
2. Right-click on the new parent process and select ‘Insert Child’ from the context .
menu and name the process ‘Classification Steep Areas’. Action!

3. Right-click on the last process and select ‘Insert Child’ from the context menu.

4. Select ‘assign class’ form the algorithms list.
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5. Insert the condition ‘Mean dsm_slope’ more than 50.

6. Inthe ‘Use class’ field enter the name ‘Steep’ and choose green as color. Confirm
with OK.

7. Execute the process.

e Edit Process

Marme Algorithm Description

. J Azzign all objects in the image object domain to the class specified by
IV Autamatic B the Use class parameter.

Settings
Check

|with Mean dem_slope »=50 at Levell: Steep Algorithm parameters

Algarithm Parameter Yalue
Usze clazsz Steep

Image Object Domain

| L

image obiject level

Pararneter Yalue

Lewvel Lewvell

Class filker hohe

Threshold condition Mean dem_slope »= 50
Second condition

Map From Parent

Region From Parent

Max. number of image obj...  al

L b

Le

Loops & Cycles

Mumber of cycles |4

Kl

Execute | Ok | Cancel | Help |

Figure 37: Process settings for assigning objects to the class ‘Steep’ with a slope equal or bigger
than 50.

J Process Tree

= = Building Extraction
+- » Apply Image Filters
+- = Segmentation
=1 Classification
-~ » Classify Steep Areas
b, with Mean dsm_slope == 50 at Levell: Steep

# 4 » » “Main/

Figure 38: Process Tree with classification process added.

Rule Set
Check

Rule Set Development

Data i Result|
Input ¥ Export®
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i
%

5.3 Review results — steep areas are
classified

4

Result
Check

= | Active clasz

@ Steep

= main

Figure 39: The steep areas are classified.

The ‘Steep’ objects are classified. With the effect that there is a border of ‘Steep’ objects
around the buildings.

As trees are now classified as ‘steep’ too and the buildings will be classified only from
‘unclassified’ objects. Misclassifications are avoided in the further analysis.

The next step will be to classify the non elevated objects.

Lesson 5 covered the following content

= Strategy to classify objects with steep slope

= Translating the strategy — use ‘Mean of dsm_slope’

= Review results — steep areas are classified

Next step: Develop strategy for next analysis step!

Rule Set Development
Data } -
a8

i, .. Resulf
o i
Input :: X/Export}
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Introduction

Lesson 6 Classifying the ground

This lesson covers the following content

= Strategy to classify the ground — measure the lowest elevation
= Translating the first step of strategy - compute a variable

= Translating the second step of strategy — use ‘Min. pixel value’

= Review result

6.1 Strategy to classify the ground -
measure the lowest elevation

Aim of this Guided Tour is to classify using auto adaptive and/or stabile rules if
necessary.

e The objects have been created using the ‘contrast split segmentation’, which
calculates the threshold for splitting for every scene new.

e Toclassify steep areas a fixed threshold was used, because the borders of buildings
are always very steep, therefore the steepness is a stabile information.

The next step in this analysis will be to classify the ground, respectively the non
elevated area.

If you imagine how you recognize buildings in a bigger scene, it is obvious that you
zoom into the scene and then compare the elevation of a building in contrast to its
neighbored ground.

To be able to compare elevated objects to non-elevated, first objects which are for sure
not elevated must be classified.

The assumption can be made, that in a certain area the terrain is not ascending more
than a certain percentage, and use this assumption as a basis for rules to classify ground.

Maximum elevation

10% lowest elevation

This means, those objects as ground have to be classified, which are not above a
certain elevation percentage compared to the maximum elevation.

In our case, as the terrain is quite flat anyway, 10% of the maximum elevation work fine.

One way to classify the objects with the lowest elevation is to use the mean value on the
objects.

42



(lassifying the ground

=

A better solution to assess the elevation of objects is to refer to the minimum pixel value ‘ntroduction
contained in an object. This ensures that only those objects are classified as ground,
which have all pixels above the threshold.

Minimum pixel value

750

785 1

s
730

DSM value for pixel

??5 T T T T T T
o 2000 4000 @000 8000 10000 12000 14000

Pixel ID

Figure 40: Green line represents the minimum pixel value of the objects, the orange line is the
mean value.

To achieve the classification based on a measurement of the 10% lowest elevated
objects, two processing steps are needed:

e Measure the 10% lowest elevated objects and store the value in a so-called
‘variable’

e  (Classify all objects with minimum pixel value lower than this variable as ‘Ground'.

This makes the classification robust, because the value is re-calculated for every new
scene.

The algorithm ‘compute statistical value’ performs a statistical operation on the feature
distribution (here mean value for DSM) within an image object domain (here all
unclassified objects) and stores the result in a process variable.

Next step: Translate Strategy into Rule Set!

Rule Set Development

Data S o] o Resul
Input Yy Export
=

=
—
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[nformation

Action!

6.2 Translating the first step of strategy
— compute a variable

This chapter covers the following content

= Statistical operation type ‘quantile’
= Compute the 10" quantile of ‘Mean DSM’

= Execute the process and check the measured value

6.2.1 Statistical operation type ‘quantile’

The quantile returns the feature value, an object has at a specified percentage from all
objects of the selected image object domain.

In our case it takes the 10% objects with the lowest pixel values for Layer DSM.

a 10 20 30 40 50 60 70 80 80 100

Figure 41: The orange line marks the 10™ object of 100 with the lowest DSM value.

6.2.2 Compute the 10*" quantile of ‘Mean
DSM’

Preparation

1. Collapse the parent process ‘Classification’, right-click on it and select ‘Append
New'. Name the process ‘Classify Ground'.

2. Insertachild process and name it ‘Measure lowest elevation’.

Add the process

1. Insert a child process and choose ‘compute statistical value’ as algorithm.

2. Set‘unclassified’ as ‘Class filter'.
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Define the variable in which the computed value is
stored.

3. Enter the name ‘th_ground’ in the ‘Variable’ field. Herewith you define the name

of the variable.
4. Click anywhere outside the field.

The ‘Create Scene Variable’ dialog box opens.

5. Confirm the default settings in the ‘Create Scene Variable ‘dialog box with OK.

The variable ‘th_ground' is created.

Define the operation mode and the feature to be
measured

6. From the ‘Operation’ dropdown menu choose ‘quantile’.
7. Inthe ‘Parameter’ field insert the value 10.

8. Inthe ‘Feature’ field define the feature ‘Mean DSM'.

Edit Process

Mame Algorithm Degcription
" A . B Perform a statistical operation on the feature distribution within an
utamatic image object domain and store the result in a process variable.
|d° Algorithm parameters
Algorithm Pararneter Yalue
ﬂ Wariable th_ground
Operation quantile
Image Object Domain Parameter 10
. - Feature Mean DSM
image object level j Unit No Unit
Parameter Walue
Lewvel Levell
Class filker unclassified
Threshold condition
Map From Parent
Fegion From Parent
Max. number of image obj... &l
Loops & Cpcles
MNumber of cycles |1 j
Execute | Ok | Cancel | Help |

Figure 42: Process settings for computing the 10*" quantile for the feature ‘Mean DSM'.

Process Tree @

=l = Bulilding Extraction

+- » Apply Image Filters
+- = Seqgmentation
= = Classification

+- ® Classify Steep Areas

=~ » Classify Ground

- = Measure lowest elevation
|ty unclassified at Levell: th_ground = quantile[10]{Mean DSM)

“ 4 » » “Main/

Figure 43: Process Tree with process added to measure the objects with the lowest value.
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6.2.3 Execute the process and check the
measured value

- 1. Execute the process.
ﬁ 2. Check the calculated value in the ‘lmage Object Information’.
Action!
Q.;? Image Object Information
Result Feature YWalle
Check Scene features  Yariables
th_ground TRELET

LI I »'\Features'/{ Clazsification [(_c

Figure 44: The calculated variable in the ‘Image Object Information’ window.

6.3 Translating the second step of
strategy - use ‘Min. pixel value’

This chapter covers the following content

= Check the automatically calculated threshold for feature ‘Min. pixel value’

= Classify using the variable

6.3.1 Check the automatically calculated
threshold for feature ‘Min. pixel value’

Information As discussed in the ‘Strategy’ section feature giving back the lowest pixel value of an
object is needed.

Minimum pixel value

790

7a5 -#’
-

780

DSM value for pixel

??5 T T T T
0 2000 4000 G000 8000 10000 12000 14000

Pixel ID
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In the ‘Feature View’ window browse to ‘Object features>Layer Values>Pixel-
based'.

ﬁ

Action!

Double-click on ‘Create new ‘Min. pixel value” and select DSM.

Decrease the maximum values to 758, which is about the measured ‘th_ground’
variable value.

Feature View E| J
=-- = [Object features -~
+- w Customized b
(5 Tore Result
—|-# Layer Yalues Check
+- = Mean
+-- w  Standard deviation T
+- w Skewness
- Fielbased
+- = Ratio
= = Min. pizel value
n [Create new Min. pivel value'
[T D5M
+- m Max pivel value
+- »  Mean of inner border
S m Mean of aoter harder >4
< | >
g N "3 = man |4 [F40.21 | «| »|[me | «|»
Figure 45: The Feature View of ‘Min. pixel value of DSM'.
All objects in the range are ground objects.
6.3.2 Classify using the variable
4. Append a new process in parallel to ‘Measure lowest statistics’ and choose o
algorithm ‘assign class’.
5. As domain define ‘unclassified’. .
Action!
6. As condition set the feature 'Min. pixel value of DSM’ lower than the variable
‘th_ground’.
7. Click in the ‘Value' field and select ‘<Create new class>'. Enter the name ‘Ground’
and choose dark blue as color. Confirm with OK.
8. Execute the process.
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4

Settings
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4

Rule Set
Check

Edit Process

Mame

Algorithm Description
. ] Agzign all objectz in the image object domain to the class specified by

I Automatic E the Use class parameter.

|d° Algorithm parameters

Algarithm Parameter Yalue

J Use class Ground -
-

Image Object Domain

image object level ﬂ
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Figure 46: Process settings for classifying ‘Ground’ objects.

Process Tree

=~ = Building Extraction

+- = Analy Image Filters
+- = Segmentation
- = Classification

+- m Classify Steep Areas

- = Classify Ground

+- ® Measure lowest elevation
bL unclassified with Min, pixel value DSM < th_ground at Levell: Ground

# 4 » ¥ ‘Main

Figure 47: Process Tree with classification process added.

Rule Set Development

Data

‘ »Result
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i
%

6.4 Review result - ground is classified

All unclassified objects with a lower value than measured are now classified as ‘Ground’.
Most of the remaining unclassified objects are buildings.

4

Result
Check

“n

=
=

Figure 48: Left: ‘Steep’ objects are classified; Right: ‘Ground’ objects are classified.

In the next step the elevation of the remaining unclassified objects compared to the
‘Ground’ objects is computed.

Lesson 6 covered the following content

Strategy to classify the ground — measure the lowest elevation
Translating the first step of strategy — compute a variable

Translating the second step of strategy — use ‘Min. pixel value’

T R %

Review result

Next step: Develop strategy for next analysis step!

Rule Set Development

Data & - T~ . Result
pdtl &) X e

[}
'
= =

e
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Introduction

Lesson 7 Classifying buildings

This lesson covers the following content

= Strategy to classify buildings - the difference in elevation

= Translating the strategy - use difference in elevation

= Review result — basic building shapes are classified

7.1  Strategy to classify buildings - the
difference in elevation

Buildings have a significantly different elevation than its neighborhood. In opposition to
a fixed height value the difference in elevation is a stabile and transferable
characteristic of buildings.

In rather flat areas, or if you are analyzing only areas of a certain size (tiling and stitching
approach), you can compare the elevation of the individual buildings to the average
ground elevation of the subset.

This means you have to bring the elevation of the individual buildings in relation to the
elevation of the ground.

Next step: Translate Strategy into Rule Set!

Rule Set Development

Dat (L) Res
Inp» i I ‘/Exp
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7.2 Translating the strategy - use
difference in elevation

This chapter covers the following content

= C(Create ‘Customized Relational Feature’
= Find threshold for ‘Building’ classification

= Insert process using the created feature and the algorithm ‘assign class’

There are several features available within eCognition Developer that express
differences in feature values. The unclassified objects must be compared with the
‘Ground’ objects, respectively to a specific class. These kind of features can be found in
the feature category ‘Class-Related’.

Per default there is a ‘Mean difference to neighbors’ feature, but this feature compares
only directly adjacent objects.

The potential buildings are all surrounded by ‘Steep’ objects, therefore this feature does
not fit for analysis, the unclassified objects would be ‘undefined’, because they are too
far away.

Similar to the ‘Customized Arithmetic Features’ you can also create ‘Customized
Relational Features’ to your needs.

We need a feature expressing:

Calculate the level mean difference to ‘Ground’ objects for Layer DSM.

I
Mean ground elevation

7.2.1 Create ‘Customized Relational Feature’

1. To open the ‘Edit Customized Feature’ dialog box, select either:
e ‘Tools > Manage Customize Features> Add’

e ordouble-click in the Feature View under ‘Object features > Customized’
on the ‘Create new 'Relational Feature".
The customized feature shall express:

Compare the mean difference of an individual image object with the Mean of DSM of all
‘Ground’ objects of a level.

51
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) 2. Inthe ‘Feature name’ line enter the name €)
- ‘MeanDiff_MeanDSM_Level Ground'.
3. Select @ ‘Mean difference’ from the drop down menu in the ‘Rational function’
Action! section.
4. Inthe ‘Feature Selection’ select: ‘Object features >Layer Values>Mean>DSM'E).
5. Inthe 'Relational function’ section select @) ‘level’, the feature will refer to all
objects of the level.
6. As‘Level Distance’ keep 0 .This defines that the evaluation is done in the same
level, not one above (1) or below (-1).
7. Inthe ‘Class Selection’ () select: ‘Ground'. This specifies the class to refer to.
8. Click ‘OK' to create the new feature.
7 Edit Customized Feature @@
. Relational |
Settings
Check Feature name
[
™ 3.5 compatibility mode
Relational function
concerning
" neighbors " sub-objects  super-object " sub-objects of supel-nbiece * level
| Mean difference [2] | Level | 0 | Pix =]
Feature Selection Class Selection
- = Object features A =~ = classes
+ - = Customized * unclassified
+ [ Type ) [no class)
- #a Layer Values () Border
== Mean @ Buiding
[ Brightness @ Buiding Candidate
© 7 psM @ Grownd ©
7 Max. diff. @ Steep
£4 blue
7 dsm_slope
[ dsm_smoothed
[ green
L7 red v
< >
Mean DSM 1l3mund
| 1] | Cancel Help
Figure 49: ‘Edit Customized Feature’ dialog box.
e Feature Yiew
+- m [Ohbject features Y
Check —d
X -~ » Clazz-Related features
Feature View

-l m Customized

@ MeanDiff_MeanD5Sk_Level Ground
+#+ Felations to neighbor objects
A Relations to zub objects

& T Bolabicens beooninar ohiaet

+

+

| ] |

Figure 50: The created feature is listed under ‘Class-Related features>Customized'.
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7.2.2 Find threshold for ‘Building’
classification

Negative values for this feature express that the object has a lower value than the Information

average Mean DSM for ‘Ground objects, positive values, that they have a higher value.
With a mean difference of more than10 to the average elevation of the level most
buildings are represented.

1. Inthe ‘Feature View’ window browse to ‘Class-Related features>Customized'.

.ﬁ'#
2. Double-click on the feature ‘MeanDiff_MeanDSM_Level_Ground', right-click and ﬁ

‘Update Range’ from the context menu. .
Action!

3. Increase the lower values until you reach 10.

7

Result
Check

. _main

Figure 51: Feature View of value range 10 to 100 for the feature
‘MeanDiff_MeanDSM_Level_Ground'.

7.2.3 Insert process using the created feature
and the algorithm ‘assign class’

1. Collapse the parent process ‘Classify Ground’, right-click on it and select ‘Append
New’. Name the process ‘Classify Buildings'.

2. Insert a child process and choose ‘assign class’ as algorithm. .
Action!
3. Set the ‘Class filter’ to ‘unclassified’.

4. Insert as ‘Threshold condition”: ‘MeanDiff_MeanDSM_Level_Ground’ equal or
larger than 10.

5. Create the class ‘Building’ and choose red as color. Confirm with OK.
6. Execute the process.

All ‘unclassified’ objects with an equal or higher value of 10 for the customized feature
are classified as ‘Building’.
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4

Settings
Check

4

Rule Set
Check

Edit Process

Mame Algorithm Description
. ] Agzign all objectz in the image object domain to the class specified by

I Automatic E the Use class parameter.

|unclassified with MeanDiff_tMeanDSM_Level Ground =1 Algarithm parameters
Algarithm Parameter Yalue

J Usge class Building
-

Image Object Domain

image object level ﬂ

Parameter Walue

Level Levell -

Class filker unclassified

Threshold condition MeanDiff_tMeanDSh_...

Second condition

Map From Parent

Fegion From Parent

Max. number of image obj... &l J

-

Loops & Cycles

Murnber of cycles |1 ﬂ

Erecute | Ok | Cancel | Help |

Figure 52: Process settings for classifying ‘Building’ objects using the customized Class-Related
feature.

Process Tree

= = Building Extraction
+- = Apply Image Filters
+- = Segmentation
- = Classification
+- v Classify Steep Areas
+- v Classify Ground
- = Classify Buildings
*L unclassified with MeanDiff MeanDSH_Level Ground == 10 at Levell: Building

4 4 » B Main

Figure 53: Process Tree with classification process added.

Rule Set Development

Data »Result
Input } Export®
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\

7.3 Review result - basic building
shapes are classified

The initial ‘Building’ objects are classified. But there are misclassifications and some
‘Steep’ objects actually belong to the class ‘Building’. A refinement is necessary.

Result
Check

man iy Soain

Figure 54: Left: Classification view before ‘Building’ classification; Right: Classification view after
‘Building’ classification.

Lesson 7 covered the following content

= Strategy to classify buildings - the difference in elevation

= Translating the strategy — use difference in elevation

= Review result — basic building shapes are classified

Next step: Develop strategy for next analysis step!

Rule Set Development

Data - (| Resul
Inpu :: X/Expo

b

e

55



eCognition® 8.0: Guided Tour — Level 3 Advanced example of building extraction

Lesson 8 Refining the ‘Building’
classification

This lesson covers the following content

= Strategy to refine ‘Building’ classification - ‘Area’ feature

= Translating strategy — use ‘Area’ feature for refinement

= Review result — too small ‘Building’ objects are declassified

8.1 Strategy to refine ‘Building’
classification - ‘Area’ feature

Introduction
Buildings have a certain size, this characteristic will be used to de-classify misclassified

objects which are too small.

Next step: Translate Strategy into Rule Set!

Rule Set Development

P
Dat j i Rest
Inp’ ‘/Exp»
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8.2 Translating strategy — use ‘Area’
feature for refinement

This chapter covers the following content

= Find a threshold for de-classifying too small ‘Building’ objects

= Insert process to refine classification by using the ‘Area’ feature

8.2.1 Find a threshold for de-classifying too
small ‘Building’ objects
1. Inthe ‘Feature View’ window browse to ‘Object features>Geometry>Extent'. -

-
2. If the unit of the feature ‘Area’ is not set to ‘pixels’, right-click on it and select ‘Edit ﬁ
unit’ from the context menu. Select the unit ‘Pixels’ from the drop-down menu.

3. Double-click on the feature ‘Area’, right-click and select ‘Update Range’ from the
context menu.

4. Increase the lower values until you reach 2000.

Objects smaller than 2000 pixel are not displayed in the color range.

8.2.2 Insert process to refine classification by
using the ‘Area’ feature

1. Append a new process and choose algorithm ‘assign class'.

As domain define ‘Building’.

As condition set the Feature ‘Area’ lower than 2000.

P

Click in the ‘Value’ field and select ‘Steep’. Confirm with OK.
Execute the process.

All ‘Building objects’ smaller than 2000 pixel will be classified as ‘Steep’.
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4

Settings
Check

4

Rule Set
Check

Edit Process

Mame

¥ Automatic

|Building with Area < 2000 Pyl at Levell: Steep

Algarithm

Image Object Domain
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Map From Parent
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Algorithm Description
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Figure 55: Process settings for refine classification of ‘Building’ objects.

Process Tree

= = Building Extraction
+- = Apply Image Filters
+- = Segmentation
- w Classification
+- v Classify Steep Areas
+- » Classify Ground
=+ = Classify Buildings

YL Unclassified with MeanDiff_MeanDSM_Level_Ground == 10 at Levell: Building
YL Building with Area < 2000 Pxl at Levell: Steep

H 4 » » ' Main

Figure 56: Process Tree with classification process added.

Data
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»Result
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Refining the ‘Building’ classification
:

8.3 Review result - too small ‘Building’
objects are declassified

The too small ‘Building’ objects are now declassified, but there are ‘Steep’ objects within
and around the ‘Buildings’ which actually belong to it.

To get closer to the optimal outlined object, the ‘Building’ objects have to grow into the
surrounding ‘Steep objects.

4

Result
Check

main main

Figure 57: The too small ‘Building’ objects are now classified as ‘Steep’

Lesson 8 covered the following content

= Strategy to refine ‘Building’ classification - ‘Area’ feature

= Translating strategy — use ‘Area’ feature for refinement

= Review result — too small ‘Building’ objects are declassified

Next step: Develop strategy for next analysis step!

Rule Set Development

Data - Result
Inpu . X/Expor}
V e

e
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Lesson 9 Cleaning up ‘Steep’
objects

This lesson covers the following content

Strategy to reshape objects

Translating strategy - reshape using the spectral layers

Review result — objects are reshaped

Strategy to grow into spectrally similar objects

Translating strategy - classify adjacent, spectrally similar objects
Review the result — spectrally similar objects are classified

Strategy to fill holes in ‘Building’ classification

>
>
>
>
>
>
>
>

Translating strategy - find surrounded and enclosed

(2

Review result — enclosed objects are classified

This lesson to clean up the ‘Steep’ objects has three major parts.

e Reshape the ‘Steep’ objects to smaller ones using spectral image layers.

N

e  Grow the ‘Building’ objects into spectrally similar neighbors

Figure 59: Before and after the spectral similarity classification.

N
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e  Fill holes in the ‘Building’ classification Introduction

Figure 60: Left: Before first processing step, Middle: after first processing step; Right: After second
processing step.

9.1 Strategy to reshape objects

Around and within the buildings there are objects classified as ‘Steep’. Introducton

To classify the complete building the initial ‘Building’ objects have to be expanded into
‘Steep’ objects.

A couple of processing steps are needed to check whether these objects belong to the
class ‘Building’ or not.

The current objects were created on basis of the slope layer. To analyze whether some
‘Steep’ objects belong to the class ‘Building’ or not, first they must be reshaped into
smaller objects. To be able to use also spectral information for classification, such as
spectral similarity, these new objects must be created on basis of the spectral layers.

Figure 61: Ideal outline for a building, some parts are currently classified as ‘Steep’.

Next step: Translate Strategy into Rule Set!

Rule Set Development

Data ,Result
Input} Expor’

61



eCognition® 8.0: Guided Tour — Level 3 Advanced example of building extraction

9.2 Translating strategy - reshape using
the spectral layers
This chapter covers the following content

= Prepare process structure

= Insert the ‘multiresolution segmentation’ process as a child process

Information . . L . .
The ‘multiresolution segmentation’ is used to reshape the ‘Steep’ objects, respectively to
create smaller objects based on the spectral layers. Therefore the algorithm must point
to the already existing ‘Steep’ objects and the setting ‘Use current’ must be defined to
split up the objects.
9.2.1 Prepare process structure

- 1. Collapse the parent process ‘Classify Buildings’, right-click on it and select ‘Append
% New’. Name the process ‘Clean Up 'Steep".
Action!

9.2.2 Insert the ‘multiresolution
segmentation’ process as a child
process

2. Select the inserted process and right-click on it. Choose ‘Insert Child’ form the
context menu.

3. Inthe ‘Algorithm’ field choose ‘multiresolution segmentation’ from the list.

Define the Image Object Domain

4. Change the Image Object Domain from ‘pixel level’ €) to ‘image object level'.
5. Change the ‘Class filter to ‘Steep’

6. Inthe field ‘Level Usage’ change from ‘use current merge only’ to ‘Use current’

This indicates that the objects will be split up. If you keep ‘use current merge only’ small
objects are merged together.

Define the segmentation parameters
7. Expand the field ‘lmage layer weights’ €3 and set:
e Dsm_smoothed, dsm_slope and DSM to 0.

e Red, green and blueto 1.
This defines that only the red, green and blue layer will be used for segmentation.

8. Inthe field ‘Scale parameter’ €) enter 25.
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9. Keep all other default settings.

10. Execute the process. 7
Edit Process @ Settings
Name Algorithm Description Check
. ) Apply an optimization procedure which locally minimizes the average

¥ Automatic E heterogeneity of image objects for a given resolution.

Id° Algorithm parameters
Algorithm Parameter Yalue

= | s i =

Level Usage Use current -

Image Object Domain = Se?menlfllon S(_al::ngs so1 110

- - = Image Layerweights  0,0,1,1,1,

Ilmage object level “ L] s sinoothed 0

Parameter Yalue rd::-s“’pe ?

Level Levell — 1

Class filter 9 Steep lgnlue 1 9

Threshold condition OSM 0

l::D'on E::: ::::: # Thematic Layer usage e

> - : Scale parameter 25 e
Max. number of image obj...  all g c . [ N
= p hom
Shape 01 l]
Level Usage

Loops & Cycles Define how current level domain should be used

Number of cycles [1 L]

Evecute | ok | cancel | Hen |

Figure 62: ‘Edit Process’ dialog box with settings to reshape ‘Steep’ objects in ‘Level 1’ using the
multiresolution segmentation algorithm.

Process Tree ] ﬁf?
= = Building Extraction
+- ® Apply Image Filters Rule Set
+- = Segmentation Check

- » Claszsification
+- = Classify Steep areas
+- » Classify Ground
+- ® Classify Buildings
-} = Clean up Steep

# 4 » » - Main

Figure 63: Process Tree with segmentation process added.

Next step: Review Result!

Rule Set Development
Data )
Input

-Result
Exports
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9.3 Review result - objects are reshaped

The borders of the buildings are now finer segmented and ready for further
classification. Now the basis is created to grow the initial ‘Building’ objects into the
adjacent ‘Steep’.

4

Result
Check

Figure 64: Detail: Outlines after reshaping of ‘Steep’ objects.

Next step: Develop strategy for next analysis step!

Rule Set Development

Data - g

InpUtSs = :

e

— ' . Result
i XExpOIt |
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9.4 Strategy to grow into spectrally
similar objects

This chapter covers the following content

= Concept of ‘temporary classes’

= Spectral similarity features

Some of the objects now classified as ‘Steep’ are spectrally very similar to neighboring ~ feducion
‘Building’ objects.
Figure 65: Selected objects (red outline) which are spectrally similar to the ‘Building’ object, but
not yet classified as ‘Building’.
f I '
9.4.1 Concept of ‘temporary classes
Introduction

To avoid misclassifications, you can restrict an analysis to a certain group of objects
using a temporary class, which will be declassified after the analysis step.

In the current example the analysis is restricted to objects directly adjacent to ‘Building’
objects, represented by a separate class ‘Building Candidate’.

e Those ‘Steep’ objects directly adjacent to ‘Buildings’ are classified as a temporary
class ‘Building Candidates’.

(@ Building Candidate
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Introduction e  Then only the ‘Building Candidates’ are analyzed according to their spectral
similarity

(@ Building Candidate

e Inthe end the remaining ‘Building Candidates’ are classified as ‘Steep’ again.

Active class

@ 5Steep
@ Ground

@ Euilding

(@ Building Candidate

9.4.2 Spectral similarity features

The spectral similarity of the adjacent objects for classification needs to be analyzed. As
roofs have a high variety in color the spectral similarity for all channels, red, green and
blue has to be evaluated at once.

Introduction

The easiest way to do this is to refer to the brightness of an object. The brightness must
be defined as (red+green+blue)/3.

But this is not enough, the brightness has to be linked to the neighboring ‘Building’
objects. This can be expressed by comparing the differences in brightness to
neighboring ‘Building’ objects.

Similar to evaluating the difference in elevation, the difference in spectral similarity to
‘Building’ objects is evaluated by creating a customized Class-Related feature. It is
important, that the feature is not differentiating between negative similarity and
positive similarity. Respectively a little brighter or a little darker. The ‘little’ is important.

Next step: Translate Strategy into Rule Set!

Rule Set Development

Data ~Result
Input } Export}

;3
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9.5 Translating strategy - classify
adjacent, spectrally similar objects

This chapter covers the following content

Classify ‘Steep’ objects directly adjacent to ‘Building’ objects’ as ‘Building Candidates’
Create the feature ‘Customized Brightness’
Excursus: Distance calculation in eCognition

Set the distance calculation mode in the ‘set rule set options’ algorithm

P P TR 2

Create the customized relational feature expressing spectral differences/similarities

= Find athreshold to classify spectrally similar ‘Building Candidates’ to the class
‘Buildings’

= (Classify using the Customized Class-Related feature

= (lassify the temporary class ‘Building Candidates’ back to the class ‘Steep’

9.5.1 Classify ‘Steep’ objects directly adjacent
to ‘Building’ objects’ as ‘Building
Candidates’

Find a feature and a threshold

Within the ‘Class-Related features’ there are several features available expressing

whether an object is adjacent or not. The feature ‘Relative border to Buildings’ is used.

The 'Relative border’ must be more than 0 to express that an object is directly adjacent
to a ‘Building’ object.

Classify ‘Building Candidate’ objects

1. Right-click on the segmentation process and select ‘Append New’. Name the
process ‘Clean up spectrally similar neighbors'.

2. Right-click on the parent process and select ‘Insert Child". Choose ‘assign class’ as
algorithm.

3. Change the ‘Class filter' to ‘Steep’.

4. Insert the feature ‘Class-Related features>Relations to neighbors> Rel. border to
Building'. Insert the condition larger than 0.

5. Create the class ‘Building Candidate’ and choose orange as color.
6. Execute the process.

All ‘Steep’ objects adjacent to ‘Building’ objects are now classified as ‘Building
Candidate’.
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J Process Tree E |
=+ = Building Extraction

Rule Set - = Apply Image Filters

Check - = Segmentation

= = Classification
e Classify Steep Areas
- = Classify Ground
- m Classify Buildings
- ® Clean up Steep
L= Steep at Levell: 25 [shape:0.1 compct.:0.5]
Classify spectrally similar neighbors
-kl Steep with Rel, border to Building = 0 at Levell: Building Candidate

# 4 » » “Main

Figure 66: Process Tree with classification step added.

Review intermediate result

These ‘Building Candidates’ are now ready to be evaluated according to their spectral
similarity.

Result
Check
@ Building Candidate )
| main
Figure 67: ‘Steep’ objects with border to ‘Building’ objects are classified as ‘Building Candidate’.
l L
9.5.2 Create the feature ‘Customized
. s
Brightness
Information
In the next processing step the spectral difference of objects is evaluated. The standard
feature ‘Brightness,’ as it is per default listed in the Feature View, is always calculated on
basis of all image layers. This means in our case also the DSM and the smoothed and
slope layer are taken into account. This would falsify the result. A customized feature
must be created, representing the spectral brightness only.
e 1. Inthe ‘Feature View’ window browse to ‘Object Features>Customized’ and double-
click on ‘Create new ‘Arithmetic Feature”.
The ‘Edit Customized Feature’ dialog box opens.
Action!
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2. Select the features from the feature list € by double clicking, insert an operator by
clicking on it in the operator field €).

3. Confirm with ‘OK'.

Edit Customized Feature

Arithmetic | Settings
F Check
eature name
Customized_Brightness [_j‘
Feature calculator
Caleulation Unit: |No Unit .ll
([Mean red)+[Mean green]+[Mean blue])/3
Calculate Del | - = Object features A
+- = Customized
G ~ # [ Type L1
=d0%9 Rad [ Inv - o Layer Values
I - = Mean
B 7 8 q { ) sin I abs E gr;gh:llness
cos | floor L7 Man. diff.
4 5 B + - _I J 7 blue
t L7 dsm_slope
o]
1 2 T = 7 {7 dsm_smoothed
In ' L7 green
L7 red v
0| . |PP)l e o I < 5
| 0K I Cancel | Apply Help

Figure 68: The ‘Edit Customized Feature’ dialog box with settings to create the feature
‘Customized_Brightness'.

Note:

Alternatively right-click in the Feature View and select ‘Load..." from the context
menu. Browse to the folder ...\GuidedTour\Data\Module2 and load the
‘Cust_Brightness.duf’.
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Introduction

9.5.3 Excursus: Distance calculation in
eCognition

Before creating the customized relational feature to evaluate the spectral similarities of
neighboring objects, the general distance calculation modes are explained. Depending
on which mode is set, different values are calculated for distances.

With the customized relational features, there is the possibility to define the search
range in which objects are evaluated according to their similarity. This means in this
example not all objects are compared to a ‘Building’ object, but only those object within
a certain distance. Here in our case a distance of 20 pixels is sufficient.

eCognition offers two methods of calculating the distance of image objects which can
be set with the algorithm ‘set rule set options’.

e Distance calculation based on ‘Smallest enclosing rectangle’
e Distance calculation based on ‘Center of gravity’

A special situation is given if the objects are direct neighbors. With ‘Smallest enclosing
rectangle’ mode the distance is 0.

Within the ‘Relations to neighbors’ features there are several features using the distance
calculation.

For the features ‘Existence of’, 'Number of and ‘Rel. area of’ the distance is set by the
user. This means e.g. for the feature ‘Existence of Water (10)’, that in a search range of 10
pixel the existence of ‘Water’ objects is analyzed.

The feature ‘Distance to’ calculates for every object the distance to the closest object of
the specified class. For example, the feature ‘Distance to Water’ gives back the value for
the closest ‘Water’ object.

Distance calculation methods ‘Smallest enclosing
rectangle’ vs. ‘Center of gravity’

The distance value can vary, due to whether the ‘Smallest enclosing rectangle’ or the
‘Center of gravity’ mode is set in the ‘Set Rule Set Options’ algorithm.

‘Center of gravity’ mode

The center of gravity approximation measures the distance between the center of
gravity between two image objects. This measure can be computed very efficiently but
it can be quite inaccurate for large image objects.

| o
Figure 69: Example for distance calculation using ‘center of gravity’ mode.
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‘Smallest enclosing rectangle’ mode Introduction

The smallest enclosing rectangle approximation tries to correct the center of gravity
approximation by using rectangular approximations of the image object to adjust the
basic measurement delivered by the center of gravity. The distance is measured from
the borders of the bounding boxes.

Figure 70: Example for distance calculation using ‘smallest enclosing rectangle’ mode.

The distance 0 for ‘Existence of’, ‘'Number of’ and ‘Rel.
area of’

If the distance for the features ‘Existence of’, 'Number of and ‘Rel. area of’ is set to 0
then only the direct neighbors are considered. When the distance is greater than 0

then the relation of the objects is computed using either their centers of gravity or
their smallest enclosing rectangle.

‘Inl_ri i

Figure 71: Example for distance 0.

The distance 0 for ‘Distance of’

Adjacent objects have a distance of = 0 for ‘smallest enclosing rectangle’ mode. If ‘center
of gravity is selected, the distance of adjacent objects is always larger than 0.

With the ‘set rule set options’ algorithm, settings that control the behavior of the Rule
Set can be defined. These settings were defined in the ‘Tools>Options’ menu in earlier
versions of the software. Because these settings are part of the Rule Set now, they are

preserved when the Rule Set is run on a server.
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9.5.4 Setthe distance calculation mode in the
‘set rule set options’ algorithm

Information With this algorithm you can, besides the distance calculation, also define resampling
methods, conditions for undefined feature values and polygon settings.

'*i : 1. Append a new process and choose ‘set rule set options’ as algorithm.

ﬁ 2. Inthe field ‘Distance Calculation’ choose ‘Smallest Enclosing Rectangle’.

Action!

3. Keep all other settings as default.
4. Confirm the process settings.

5. Execute the process.

<

Marme Algorithm D escription
Process . B Set the options with temporary or global scope. Temparary scope
IV Automatic restricts getting to child nodes.
Check
|d° Algorithm parameters
Algarithm Parameter Yalue
|set e et options ﬂ Apply ta child processes 0. Mo . -
C i) Smallest Enclosing Rectangle =
Current rezampling method — Keep Current

Image Object Domain -
Evaluate conditions onun...  Keep Cument

|execute j Polygons Basze polygon thr... 1.25
Polygons Shape polygon t.. 1

Parameter Yalue ]
. Polygons Remove slivers Keep Current

Threshold condition -
Update topology Keep Current

Map Fram Parent
Save Temporary Layers ez
Palygon compatibility mode  Keep Current
Fesampling compatibilty ... Keep Current ﬂ

L % Cyeh Distance Calculation
00p3 & Lpcles Set the Distance Calculation Corvention.

MNumber of cycles 4 j

Execute | Ok | Cancel Help

Figure 72: Process settings for defining distance calculation mode.
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9.5.5 Create the customized relational feature _,
expressing spectral Rule Set
differences/similarities Check

Introduction to the customized feature

The operator

When creating the customized relational feature carefully make up your mind about the Mifoduction

operators to use.

There are two operators available expressing differences:

e The operator ‘Mean difference’, which can also give back negative values for
objects darker than the building object.

e The operator ‘Mean absolute difference’, which gives back only positive values.

A rule must be formulated, expressing ‘similarity’, no matter whether slightly brighter or
darker. Therefore the operator ‘Mean absolute difference’ is used, as this operator
gives back only positive values.

Introduction
Brightness of building object

l »

0 B'rightness
1 1

Range of spectral similar objects,
darker or brighter

The search range for neighboring objects

With the customized relational features, there is the possibility to define the search
range in which objects are evaluated according to their similarity. This means not all
objects are compared to a ‘Building’ object, but only those object within a certain
distance. Here in our case a distance of 20 pixels is sufficient.

Create the customized relational feature ‘MeanAbsDiff’

1. Inthe ‘Feature View’ window browse to ‘Object features>Customized’ and double- il
click on ‘Create new ‘Relational Feature”. ﬁ

The ‘Edit Customized Feature’ dialog box opens.
Action!
2. Name the feature ‘MeanAbsDiff _CustBrightness_20_Buildings'.
3. Asoperator choose ‘Mean absolute difference’ €).
As feature choose ‘Customized_Brightness’ 9
As distance insert 20 €)

As Class choose ‘Building’ €).

N o v A

Confirm the settings with ‘OK'.
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4

Settings
Check

Action!

Edit Customized Feature
Relational |

Feature name
|MeanAbsD iff_CustBrightness_20_Buildin

Relational function
concerming

[Mean absolute difference o LI

Feature Selection

[~ 3.5 compatibility mode

% neighbors ( sub-objects ( super-object

The feature is added to the Feature View, you can find it under: ‘Class-Related
features>Customized'.

2)X]

&

™ sub-objects of super-object T level

Distarce 320 [N~

Class Selection

- = Obiject features A = = classes
= = Customized = unclassified
= Create new ‘Arithmetic Fe: () [no class)
» Create new ‘Relational Fe. () Border
91 Customized_Brightness @ Building
+ Type () Building Candidate
+ # Layer Values @ Ground
+ By Geometiy @ Steep
+-17] Position
+ B Texture
+ (%) Variables
+ &% Hierarchy
+ Thematic attributes v
< >
ICuslomized_Brighlness |Bui|ding

0K | Cancel Apply Help

Figure 73: The ‘Edit Customized Feature’ dialog box with settings to create the feature
‘MeanAbsDiff_CustBrightness_20_Buildings'.

9.5.6 Find a threshold to classify spectrally
similar ‘Building Candidates’ to the class
‘Buildings’

1. Inthe ‘Feature View’' window browse to ‘Class-Related features>Customized'.

2. Double-click on the feature ‘MeanAbsDiff _CustBrightness_20_Buildings'.

Note:

Objects highlighted red means that they are undefined. In our case, they are more
than 20 pixel away from a ‘Building’ object.

High values mean high difference to ‘Building’ objects, low values mean low difference
to ‘Building’ objects.

3. Right-click on the above mentioned feature and ‘Update Range’ from the context
menu. Decrease the maximum value to 35.
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Feature Yiew 3]

+- » [bject features J

- » Clasz-Related features

= = Customized
@ MeandbsDift_CustBrightness_20_Buiding Check ]
& MeanDitt_MeanDSM_Level Ground Feature View

+#+ Felations to neighbor objects
A Relations to sub objects

§ Relations to super objects

= Relations to Classification
Scene features

Process-Helated features
Metadata

Feature Yariables

[V [0.240423447 | »|[= |

Figure 74: The feature ‘MeanAbsDiff_CustBrightness_20_Buildings’ is added to the feature list.

nonom [

F - [F

Legend
Active class
@ Steep

@ Ground

@ Building
@ Buiding Candidate

Figure 75: Spectrally too different objects have a higher threshold than 35 for the feature
‘MeanAbsDiff _CustBrightness_20_Buildings'.

9.5.7 C(lassify using the Customized Class-
Related feature

1. Select the last process and right-click on it and select ‘Append New'. Choose ‘assigh _ <s=*
class’ as algorithm. ﬁ

2. Inthe Class filter choose ‘Building Candidates’.
Action!

3. Click on the ‘no condition’ button and browse to the feature ‘Class-Related
Features>Customized>MeanAbsDiff_CustBrightness_20_Buildings'.

4. Insert lower than 35 in the ‘Edit threshold condition’.
5. As‘Use class’ define ‘Building’.

6. Execute the process.
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4

Settings
Check

4

Rule Set
Check

Edit Process

Mame Algorithm Description

. ] Agzign all objectz in the image object domain to the class specified by
I Automatic B the Use class parameter.

|Building Candidate with MeandbsDiff_CustBrightness_20_B Algorithm parameters

Algarithm Parameter Yalue

J Usge class Building
-

Image Object Domain

image object level ﬂ

Parameter Walue

Level Levell

Class filter Building Candidate

Threshold cond...  MeandbsDiff_CustBrightrness 20,
Second condition -

L v

Map From Parent
Fegion From Parent
Max. number of .. all
=
Loops & Cycles
Mumber of cycles 1 ﬂ

Erecute | Ok | Cancel | Help

Figure 76: Process settings for classifying spectrally similar objects to the class ‘Building’.

Process Tree

-~ = Building Extraction

+- » Apnly Image Filters

+- = Segmentation

- = Classification
+- = Classify Steep Areas
+- % Classify Ground
+-  Classify Buildings
= Clean up Steep

- » Classify spectrally similar neighbors
YL Steep with Rel. border to Building = 0 at Levell: Building Candidate
B5 set rule set options
YL Building Candidate with MeanabsDiff_CustBrightness_20_Building < 35 at Levell: Building

4« 4 » » Main

Figure 77: Process Tree with process added to classify the spectrally similar objects.

Review intermediate result

Some ‘Building Candidate’ objects were not classified as ‘Building’. Their spectral
difference was too high, e.g. the shadows.
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Result
Check
Active class
@ Steep
@ Ground
@ Euilding
@ Building Candidate
Figure 78: Left: Classification view before spectral similarity classification, Right: after classification.
. l L] L]
9.5.8 Classify the temporary class ‘Building
. ’ ] /
Candidates’ back to the class ‘Steep
1. Select the last process, right-click on it and select ‘Append New'. Choose “assign o
class’ as algorithm.
2. The process has to be applied for ‘Building Candidates’ (choose it in the Class filter .
field). Action!
3.  Keep 'no condition’.
4. Forthe ‘'Use class’ parameter set click in the ‘Value’ field and select ‘Steep’.
5. Execute the process.
All remaining ‘Building Candidate’ objects are classified back to the class ‘Steep’ again.
Process Tree 3]
= = Building Extraction 'W?
v Apply Image Filters
* Segrmentation Rule Set
E|- Classification Check

- w Classify Steep Areas

= Classify Ground

Classify Buildings

Clean up Steep

¥= Steep at Lewell: 25 [shape:D.1 compet.:0.5]

Classify spectrally similar neighbors

M Steep with Rel. barder to Building > 0 at Levell: Building Candidate

B8 set rule set options

Building Candidate with MeanabsDiff_CustBrightness_20_Building < 35 at Levell: Building
2L Building Candidate at Levell: Steep

« 4 » » Main

Figure 79: Process Tree with process added to classify the candidates back to the class ‘Steep’.
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Next step: Review Result!

Rule Set Development

Datai
Input )

»Result
Export

)
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i
%

9.6 Review the result - spectrally similar
objects are classified

‘Steep’ objects which are spectrally similar to adjacent ‘Building’ objects were classified
as ‘Building’, too.

Result
Check

Figure 80: Before and after the spectral similarity classification.

Still not all ‘Steep’ objects which actually belong to the class ‘Building’ are classified.
Some of them are highly surrounded by the class ‘Building’. These objects has to be
classified as ‘Buildings’, too to fill the holes.

main

Figure 81: Classification result after ‘Building Candidates’ are reclassified as ‘Steep’.

Next step: Develop strategy for next analysis step!

Rule Set Development

Data } -
a8

= .. Result
i |1
Input :: XExpor)
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Introduction

9.7 Strategy tofill holes in ‘Building’
classification

This chapter covers the following content

= ‘Looping’ a process — automatically repeat the procedure

= Find totally enclosed objects

Within the ‘Building’ objects there are still some ‘Steep’ objects classified.

The existing ‘Building’ objects will be grown into ‘Steep’ objects, but only in those which
are highly surrounded by the class.

9.7.1 ‘Looping’ a process — automatically
repeat the procedure

In a first step those objects are classified, which have a high relative border to ‘Building’
objects.

Figure 82: First neighbors with a high common border are classified.

But if this is executed only once, the gaps in the ‘building’ objects are not yet closed.
After one round, there are new ‘Building’ objects with again some ‘Steep’ objects having
a high relative border to them. To grow the ‘Building’ objects into all objects having a
high relative border the process has to be re-executed until all are swallowed. This can
be achieved by setting a ‘Loop’.

First classification round ISecond classification round| hird classification round Result at the end of the loopj

Figure 83: Diagram of a looped process to grow the ‘Building’ objects.
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9.7.2 Find totally enclosed objects

After those with a high relative border are classified €) a second step is necessary to
identify those objects totally surrounded €) by ‘Building’ objects.

Introduction

Figure 84: Left: Before first processing step, Middle: after first processing step; Right: After second
processing step.

Next step: Translate Strategy into Rule Set!

Rule Set Development

Data ~Resul
Input} ‘ Expor’
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9.8 Translating strategy - find
surrounded and enclosed

This chapter covers the following content

= (lassify those with a high relative border to ‘Building’ objects
= Review intermediate result

= (lassify those totally surrounded using algorithm ‘find enclosed by class’

Information

9.8.1 Classify those with a high relative
border to ‘Building’ objects and loop the
process

As already explained in chapter 9.5.1 the feature ‘Rel. border to’ will be used to express
the adjacency to ‘Building’ objects.

Find the threshold for classification

The objects which will be classified during the looped sequence must be restricted. The
objects shall have at least a 50% border to ‘Building’ objects, this helps to avoid that
the growing ‘building’ classification is growing too far.

1. Inthe ‘Feature View’ window browse to ‘Class-Related Features>Relations to
neighbor objects’.

2. Double-click on the feature ‘Rel. border to ‘Building”.

3. Right-click and ‘Update Range’ from the context menu. Increase the minimum
value to 0.5.

All objects with more than 50% common border to ‘Building’ objects are highlighted in a
range from blue to green.
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7

Check
Feature View

Classify using the feature ‘Rel. border to’

Prepare process structure
1. Collapse the ‘Classify spectrally similar neighbors’ process and right-click on it. ==
Select ‘Append New’ and name the process ‘Find highly surrounded’.

P Action!
Insert classification process

2. Select the parent process, right-click on it and select ‘Insert Child’. Choose ‘assign
class’ as algorithm.

3. Setthe Class filter to ‘Steep'.
4. Insert the condition 'Rel. border to ‘Buildings” larger than 0.5.

5. Inthe section ‘Loops & Cycles’ select ‘Loop while something changes’ from the
drop-down list.

6. Define ‘Building’ as ‘Use class’.

7. Execute the process.
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< Edit Process
Mame Algorithm Description
. . ] Agzign all objectz in the image object domain to the class specified by
Settlngs V' Automatic B the Use class parameter.
Check |Steep with Rel. border to Building > 0.5 at Levell: Building Algarithm parameters
Algarithm Parameter Yalue
j Usge class Building
Image Object Domain
image object level ﬂ
Parameter Walue
Level Levell -
Class filter Steep
Threshold condition Fel. border to Building ...
Second condition
Map From Parent
Fegion From Parent
Max. number of image obj... &l ﬂ
Loops & Cycles
Number of cpeles  |Loop whils something changes ﬂ
Erecute | Ok | Cancel | Help |
Figure 86: Process settings to classify ‘Steep’ objects with a high relative border to ‘Building’
objects as ‘Building’.
J Process Tree @
= = Building Extraction
Rule Set +- = Apply Image Filters
Check

+- = Segmentation
- = Classification
+- » Classify Steep Areas
+- = Classify Ground
+- » Classify Buildings
-+ = Clean up Steep

+- » Classify spectrally similar neighbors
* Find highly surrounded
L Ioop: Steep with Rel, border to Building = 0.5 at Levell: Building

4 » » \Main/

Figure 87: Process Tree with process added to classify highly surrounded ‘Steep’ objects.

9.8.2 Review intermediate result

The ‘Steep’ objects with high relative border have been iteratively classified as
‘Buildings’. Still some totally surrounded, which had no high relative border to ‘Building’
objects still remain. They consist of several objects.
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Result
Check

9.8.3 C(lassify those totally surrounded using
algorithm ‘find enclosed by class’

The algorithm ‘find enclosed by class’

eCognition offers a special algorithm to identify objects enclosed by other classes. [n "/0ducion
contrast to the feature ‘Relative Border to’ this algorithm also classifies objects as

‘enclosed’, if they are not direct neighbors of the enclosing class, i.e. if they consist of

several objects.
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Introduction

Action!

Fi

gure 88: Selected objects are enclosed by ‘Building’ objects.

Note:

Objects at the image border are not classified as enclosed class. The shared part of
the outline with the image border will not be recognized as enclosing border. To get
such kind of object use the algorithm ‘find enclosed by image object'.

Insert process to classify all enclosed ‘Steep’ objects as
‘Building’

—_

> wonN

b

6.

Select the last process, and right-click on it and select ‘Append New'. Choose ‘find
enclosed by class’ as algorithm.

Change the ‘Class filter’ to ‘Steep’.
In the field ‘Enclosing classes’ define the class that encloses, here ‘Building’.

In the field ‘Active classes’ define the class to which the enclosed object shall be
classified, here again ‘Building’.

Keep all other default settings.

Execute the process.

All ‘Steep’ objects which are enclosed by ‘Building’ objects are now classified as
‘Building’, too.
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(leaning up ‘Steep’ objects

|Steep at Levell: enclosed by Building: Building + Algorithm parameters

Mame Algorithm Degcription
. ] Find and clazzify image objects that are completely enclozed by image
I Automatic E objects belonging to selected classes.

Algorithm Pararneter Yalue
fin ﬂ = Search 5Settings
Enclozing classes Building
Image Dbject Domain Compatibility rode More
- - = Classification Settings
mage object level ﬂ Active classes Building
Pararmater Value Erase old classification, if th.. Mo
Use class description Mo
Level Levell
Clazs filter Steep
Threshold condition
Map Frorn Parent
Fegion From Parent
Max. number of image obj... &l
Loops & Cpcles
MNumber of cycles |1 j
Execute | Ok | Cancel | Help

Figure 89: Process Settings to classify ‘Steep’ objects enclosed by ‘Building’ objects.

Process Tree

= = Building Extraction

+- = Apply Image Filters

+- = Segmentation

-1 » Classification
+- m Classify Steep Areas
+- » Classify Ground
+- » Classify Buildings
- = Clean up Steep

+- » Classify spectrally similar neighbors
= Find highly surrounded

ML loop: Steep with Rel. border to Building = 0.5 at Levell: Building
(3 Steep at Levell: enclosed by Building: Building +

“ 4 » » Main

Figure 90: Process Tree with process added to classify ‘Steep’ objects surrounded by ‘Building’

objects.

Next step: Review Result!

Rule Set Development

Data
Input sy

-Result
Export
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Result
Check

9.9 Review result - enclosed objects are
classified

Those ‘Steep’ objects with a very high relative border (more than 50%) and those
completely surrounded are now classified as ‘Building’, too.

Figure 91: Left: Before first processing step, Middle: after first processing step; Right: After second
processing step.

Some vegetated areas are still misclassified as ‘Building’.

Figure 92: Classification view of the whole scene. The arrows point to vegetated areas which are
misclassified as ‘Building’.
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©
Lesson 9 covered the following content

Strategy to reshape objects

Translating strategy - reshape using the spectral layers

Review result — objects are reshaped

Strategy to grow into spectrally similar objects

Translating strategy - classify adjacent, spectrally similar objects
Review the result - spectrally similar objects are classified
Strategy to fill holes in ‘Building’ classification

Translating strategy - find surrounded and enclosed

2 PR R R T T I T

Review result — enclosed objects are classified

Next step: Develop strategy for next analysis step!

Rule Set Development

Data S . o)) o Result
Input sy ::X/Export

"
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Lesson 10Cleaning up ‘Building’
objects

This lesson covers the following content

Strategy to clean up vegetation misclassified as ‘Building’
Translating 1st step: use spectral feature to declassify vegetated areas

Review result of first step — the big vegetation objects are gone

Strategy to get rid of again enclosed

Translating 2nd step — copy and paste existing ‘find enclosed by class’ process
Review result
Strategy to declassify too small objects

Translating 3rd step: declassify the too small

L L PR T TR R T T

Review result

10.1 Strategy to clean up vegetation
misclassified as ‘Building’

This lesson to clean up the ‘Building’ objects has three major parts.

!

e  First: the misclassified vegetation is eliminated

Figure 93: Classification view before and after the refinement. Arrows pointing on misclassified
areas which are now correctly classified.

e Second: the again enclosed ‘Steep’ objects are declassified

Figure 94: The enclosed objects are reassigned to the class ‘Building’.

N
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=

e  Third: the too small ‘Building’ objects are declassified

As discussed in the Module 1 of the LiDAR Guided Tour (Lesson 1.8) a characteristic Introduction
feature for classifying vegetation with RGB data is to compare the green layer to all
spectral layers, respectively to use a customized feature ‘Ratio Green'.

Still a second step is needed to declassify small objects which will remain. As already
done in Lesson 8 Refining the ‘Building’ classification again the ‘Area’ feature will be
used. As the actual ‘Building’ objects now consist of several objects, first they must be
merged.

Next step: Translate Strategy into Rule Set!

Rule Set Development

Data S ,Result
Input 4 Export
8

Wi
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-

Action!

Result
Check

T

%

Action!

10.2 Translating 1 step: use spectral
feature to declassify vegetated
areas

This chapter covers the following content

= load the customized feature ‘CustRatioGreen’

= Create a process to declassify vegetation misclassified as ‘Building’ objects

10.2.1 Load the customized feature
‘CustRatioGreen’

1. Right-click in the Feature View and select ‘Load'.

2. Browse to the folder ‘Rule Sets’ in your Guided Tour directory and select
'CustRatioGreen.duf'.

The customized feature is added to the Feature View under the category ‘Object
features>Customized'.

As in the Guided Tour 1, the vegetation objects have a value higher than 0.36 for the
feature ‘Cust_Ratio_Green’.

10.2.2 Create a process to declassify
vegetation misclassified as ‘Building’
objects

Prepare the Rule Set structure

1. Inthe process Tree right-click on the ‘Clean up 'Steep" parent process and select
‘Append New’ from the context menu.

2. Insert ‘Clean up 'Building" in the ‘Name' field and confirm with OK.

Insert process to classify

1. Right-click on the inserted parent process and select ‘Insert Child’ from the
context menu.

2.  Choose ‘assign class’ from the algorithm list.
3. Select ‘Buildings’ as ‘Class filter".

4. For Threshold condition’ browse to ‘Object
features>Customized>CustRatioGreen’, double-click on it.
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5. Inthe ‘Edit threshold condition’ choose larger than (>) 0.36.
6. Inthe field ‘Use class’ select ‘Steep'.
7.  Confirm with OK.

8. Execute the process.

All ‘Building’ objects with ‘Customized Ratio Green’ higher than 0.36 are now classified
as ‘'Steep’ again.

Edit Process 7] X] J
Mame Algorithm Degcription
. ] Azsign all objectz in the image object domain to the clazz specified by Settln S
I Automatic E the Use class parameter. Checkg
|Building with CustR atioGreen » 0.36 at Levell: Steep Algarithm parameters
Algorithm Pararneter Yalue
J Uze class Steep
-
Image Object Domain
image object level ﬂ
Parameter Walue
Level Levell -
Clazs filter Building
Threshold condition CustR atioGreen » 0.36
Second condition
Map From Parent
Fegion From Parent
Max. number of image obj... &l J
w
Loops & Cpcles
MNumber of cycles |1 j
Execute | Ok | Cancel | Help |
Figure 95: ‘Edit Process’ dialog box with settings to classify ‘Building’ objects with a value for the
customized feature higher than 0.36 back to the class ‘Steep’.
Process Tree J
=l = Building Extraction
<= Apply Image Filkers Rule Set
+- = Segmentation Check

-l Claggification
+- » Classify Steep Areas
+- ® Classify Ground
+- ® Classify Buildings
+- ® Clean up Steep
- = Clean up Building
ML, Building with CustRatioGreen = 0,26 at Levell; Steep

#“4 4 » » Main

Figure 96: Process Tree with processes added.
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Next step: Review Result!

Rule Set Development

Datai
Input )

»Result
Export

)
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i
%

10.3 Review result of first step - the big
vegetation objects are gone

Misclassified vegetated areas are now classified as ‘Steep’.

4

Result
Check
Figure 97: Classification view before and after the refinement. Arrows pointing on misclassified
areas which are now correctly classified.
10.4 Strategy to getrid of again enclosed
Inroduction

After classifying with the customized ratio of green there are also some objects inside
the buildings, again classified as ‘Steep’. To get rid of those, again the ‘find enclosed by
class’ algorithm is used. Simply copy the existing process, paste and execute it.

Figure 98: Again ‘Steep’ objects appear within ‘Building’ objects.
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10.5 Translating 2" step - copy and
paste existing ‘find enclosed by
class’ process

el 1. Go to the process ‘Steep at Level1: enclosed by Building: Building +' in the Rule
ﬁ Set Section ‘Find highly surrounded".

2. Copy and paste the process after the last process.
Action!

3. Executeit.
J Process Tree E|

=1 = Building Extraction
+ Apply Image Filters

Rule Set + Segmentation
Check i

.
= Classification

+- = Classify Steep Areas
0

i

Classify Ground
Classify Buildings
Clean Up Steep

¥

= Classify spectrally similar neighbors

- = Find highly surrounded
L loop: Steep with Rel. border to Building > 0.5 at Lewell: Building
(3 Steep at Levell: enclosed by Building: Building +

Clean up Building

Y, Building with CustRatioGreen > 0.36 at Levell: Steep

Steep at Levell: enclosed by Building: Building +

# 4 » » :Main

Figure 99: Process Tree with copied and pasted process.

10.6 Review result

4

Result
Check

Figure 100: The enclosed objects are reassigned to the class ‘Building’.
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10.7 Strategy to declassify too small
objects

Here in this case there are still some small objects misclassified. Most of them are
actually part of trees. Therefore they should be classified to the class ‘Steep’, too. The
‘Image Object Table’ tool is used to define the size threshold for ‘Buildings’. This
threshold is increased a bit to have a buffer for classification. Before evaluating with this
tool, the ‘Building’ objects are merged.

Introduction

ET]

Figure 101: Small objects within trees, which are misclassified as ‘Building’.

Next step: Develop strategy for next analysis step!

Rule Set Development

Data } -
=N

-, Result}
i 11
Input :: X’Export>
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Action!

7

Settings
Check

10.8 Translating 3" step: declassify the

too small

This chapter covers the following content

A T PR 2

Create process to merge all ‘Building’ objects
Use the Image Object Table’ tool to review the smallest objects
Sort the values and browse to the individual objects

Insert process to refine classification by using the ‘Area’ feature

10.8.1 Create process to merge all ‘Building’

1.
2
3.
4

5.

objects

Right-click on the last process and select ‘Append New’ from the context menu.
Select ‘merge region’ form the algorithms' list.

Make sure that ‘Level1’ is selected in the Image Object Domain.

In Class filter choose ‘Buildings'.

Execute the process.

All ‘Building’ objects are now merged.

Mame Algorithm Description
W Automatic E Merge allimage objects chosen in the image object domain.
|Building at Levell: merge region Algarithm parameters
Algarithm Parameter Yalue
2 ﬂ Fugion super objects Mo
Usze Thematic Layers Mo
Image Object Domain
image object level j
Parameter Walue
Lewvel Lewvell
Clazs filter Building
Threshold condition
Map From Parent
Fegion From Parent
Max. number of image obj... &l
Loops & Cycles
Murnber of cycles |1 ﬂ
Execute | Ok Cancel Help

Figure 102: Process settings for merging all ‘Building’ objects.
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10.8.2 Use the ‘Image Object Table’ tool to
review the smallest objects

The ‘ilmage Object Table’ window allows you to sort the image objects according to
feature values and by clicking on an object listed in the table, it will be automatically
displayed in the viewer.

The ‘Image Object Table’ is a very useful tool to examine object by object without
panning manually.

You may want to compare image objects of selected classes in cases of:

e  Reviewing results: evaluation of classifications, debugging and quality
assurance.

e Assupport for finding thresholds for classification, selection of image objects
according to sorted feature values.

Configure the table to list all ‘Building’ objects and their
according size

1. To open the ‘Image Object Table’ window, do one of the following:
e Choose ‘Image Objects > Image Object Table’ on the main menu bar
or
e Choose ‘'View > Windows > Image Object Table’ on the main menu bar

2. Right-click in the text area of the ‘Image Object Table’ window and choose
‘Configure Image Object Table...’ from the context menu.

The ‘Configure Image Object Table’ dialog box opens.

3. Hitthe ‘Select Classes’ button to display all its image objects.

The ‘Select Classes for List’ dialog box opens.

4. Select the class ‘Building’ by double-clicking it and confirm with ‘OK’.
5. Click on the ‘Select Features’ button.

The ‘Select Features’ dialog box opens.

6. Browse to the feature ‘Object features>Geometry>Extent>Area’, double-click on
it and confirm with ‘OK'.

7. Click OK to display all image objects and their feature values as configured in the
‘Image Object Table'. To each image object an ID number is assigned.
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4

Settings
Check

4

Result
Check

Action!

Configure Image Object Table

Clazzes

Features

=l m clazses

@ EBuilding

Select Clazzes

[ Unclassified image objects

Area

Select Features

Ok | Cancel |

Figure 103: ‘Configure Image Object Table’ window, with class ‘Building’ selected and feature
‘Area’ selected.

Image Object Tahle 3]
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Building
Building
Building
Building
Building
Building
Building
Building

73
220
275
635
4343
5802
E145
8336

~

L]

4 » » Custom

Figure 104: ‘Image Object Table’ window, with class ‘Building’ selected and feature ‘Area’.

10.8.3 Sort the values and browse to the
individual objects

The object with size 685 is already a building. All smaller objects must be declassified.

1.

Click the ‘Area’ column header to sort according to the column values. Make the
smallest value onto the top of the list.

Zoom into the image so that you can see the individual ‘Building’.

Click on one row in the table to select the corresponding image object.

Evaluate the objects from smaller to larger, objects smaller than about 700 are
actually no buildings.
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I ' (leaning up ‘Building” objects

If you want to change the outline color of selected objects to see them better go to
main menu ‘View>Display Mode>Edit highlight colors’ and change the ‘Selection
color'. Click on the ‘Active view’ button to apply the change.

Note:

4

Result
Check

Image Object Table

| Class | Area [Pl
Building
Building 73

Building
Building

« 4 » » “Custom

EN

Figure 105: A selected image object is highlighted twice: in the ‘lmage Object Table’ window and
in the project view.

10.8.4 Insert process to refine classification by
using the ‘Area’ feature

The value for classification is increased from 700 to 1000 to have a buffer in size. If you
want to be more strict, you can also use a lower value like 700.

1. Append a new process and choose algorithm ‘assign class’. il
2. As'‘Class filter’ define ‘Building’.

3. Ascondition set the feature ‘Area’ lower than 1000. Action!
4. Set‘Use class’ to ‘Steep’. Confirm with OK.
5

Execute the process.
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Edit Process
s

Mame

Algorithm Description
Settings 7 Automatic B‘: Agzign all objectz in the image object domain to the class specified by

the Use class parameter.

Check |Building with Area < 1000 Pyl at Levell: unclassified Algarithm parameters

Algorithm Parameter Yalue
j Usze class unclassified

Image Object Domain

image object level

L]

Parameter Walue

Level Levell -
Class filter Building

Threshold condition Area < 1000 Pxl

Second condition

Map From Parent

Fegion From Parent

Max. number of image obj... &l

Le

Loops & Cycles

Mumber of cycles 1

L«

Erecute | Ok | Cancel Help

Figure 106: Process settings for refine classification of ‘Building’ objects.
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Process Tree

=1 »  Building Exfraction
+- ® Apply Image Filters
+- = Segmentation
Classification

J +- = Classify Steep Areas
+- ® Classify Ground

Rule Set - n Classify Buildings

Check +- = Clean Up Steep

- ® Clean up Building
ML Building with CustRatioGreen = 0,26 at Levell: Steep
&3 Steep at Levell: enclosed by Building: Building +
~= Building at Levell: merge region
ML Building with Area < 1000 Pxl at Levell: Steep

“ 4 » » “Main /S

Figure 107: Process Tree with classification process added.

Next step: Review Result!

Rule Set Development

Data
Input sy

,Resulty
Export
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10.9 Review result

Again check the objects using the ‘Image Object Table'as explained in Chapter 10.9.

If you review the classification, the too small objects are now declassified. Most of the
buildings have been classified properly.

4

Result
: .

Figure 108: Thumbnails of selected ‘Building’ objects.

Nevertheless, there are still some parts of the roofs not classified. There are strategies to
refine the shape of the buildings, but for the Guided Tour we will accept this level of
accuracy.

This means that we are now at the point to prepare the export and insert a process to
execute the export.

main

Figure 109: Classification result detail.
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Lesson 10 covered the following content

Strategy to clean up vegetation misclassified as ‘Building’

Translating 1st step: use spectral feature to declassify vegetated areas
Review result of first step — the big vegetation objects are gone

Strategy to get rid of again enclosed

Translating 2nd step — copy and paste existing ‘find enclosed by class’ process
Review result

Strategy to declassify too small objects

Translating 3rd step: declassify the too small

>
>
>
>
>
>
>
>
>

Review result

Next step: Develop strategy for next analysis step!

>

Rule Set Development

I

o)) o RE

\{
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Lesson 11Preparing the export

This lesson covers the following content

= Strategy to export the results — declassify those classes not of interest, merge objects
= Translating strategy — declassify ‘Steep’ and ‘Ground’

= Review result

= Translating strategy — remove small objects
= Review result

11.1 Strategy to export the results -
declassify those classes not of
interest, merge objects

This chapter covers the following content

= (Clean up classification
=  Getrid of small objects

Introduction In this Guided Tour only the information about the buildings will be exported, not for

the other classes. Still some very small objects exist. Therefore two major steps have to
be implemented:

e  First: clean up the classification

o Secondly: getrid of the small objects

11.1.1 Clean up classification

After the small objects are removed, the classification will be reduced only to ‘Building’
and ‘unclassified’ objects.

o declassify the ‘Steep’ and ‘Ground’ objects

o merge all declassified objects to avoid exporting objects not of interest

Legend &3]

Active class

Figure 110: Left: Classification view; Right: Outlines view. Both after the execution.

106



VL
@

11.1.2 Getrid of small objects

To avoid exporting unnecessary information and vector outlines of objects that are not
of interest, a sequence of processes is added.

e  Thefirst step is to merge all ‘unclassified’ objects.

e Then a special algorithm ‘remove objects’ is used to incorporate the smaller
‘unclassified’ objects to the neighboring object with the largest common
border.

Next step: Translate Strategy into Rule Set!

Rule Set Development

Data S -Result
Input 4 Export

i
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11.2 Translating strategy - declassify
‘Steep’ and ‘Ground’

This chapter covers the following content

= Prepare the Rule Set structure
= Insert process to declassify

= Create process to merge all ‘unclassified’ objects

11.2.1 Prepare the Rule Set structure

- 1. Inthe Process Tree right-click on the ‘Clean up 'Building” parent process and select
ﬁ ‘Append New’ from the context menu.

2. Insert ‘Prepare Export’ in the ‘Name’ field and confirm with OK.

11.2.2 Insert process to declassify

1. Insert a child process and choose algorithm ‘assign class’.

2. As’Class filter’ define ‘Steep’ and ‘Ground’.

3. Keep 'no condition’.

4, Inthe ‘'Use class’ field keep ‘unclassified’. Confirm with ‘OK'.
5. Execute the process.

All ‘Steep’ and ‘Ground’ objects are now declassified.

11.2.3 Create process to merge all
‘unclassified’ objects

1. Right-click on the last process and select ‘Append New’ from the context menu.
2. Select ‘merge region’ form the algorithms' list.

3. Define ‘unclassified’ as ‘Class filter'.

4. Execute the process.

All ‘unclassified’ objects are now merged.
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Process Tree

= = Building Exfraction
+- m Apply Image Filters
+- W Segmentation
-~ = Classification
+ m Classify Steep Areas
+- ® Classify Ground
+- = Classify Buildings
+-®m Clean up Steep
+- ® Clean up Building
-~ = Prepare for Export
ML Ground, Steep at Levell: unclassified
= unclassified at Levell: merge region

# 4 » » “Main

Figure 111: Process Tree with parent process and classification process added.

Next step: Review Result!

Rule Set Development

Data
Input 5y

-Result™
Exporthy
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11.3 Review result

The background to the buildings is now ‘unclassified’ and merged.

Result
Check
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11.4 Translating strategy - remove small
objects

This chapter covers the following content

= Usethe image Object Table’ tool to review the smallest objects

= Use ‘remove objects’ algorithm to “swallow” small objects

11.4.1 Use the ‘Image Object Table’ tool to
review the smallest objects

As already explained in chapter 10.8.2 the ‘ilmage Object Table’ window allows you to
sort the image objects according to feature values and by clicking on an object listed in
the table, it will be automatically displayed in the viewer.

Configure the table to list additionally all ‘unclassified’
objects and their according size
1. To open the ‘Image Object Table’ window do one of the following:

e  Choose ‘Image Objects > Image Object Table’ on the main menu bar

or

e  Choose ‘'View > Windows > Image Object Table’ on the main menu bar

2. Right-click in the text area of the ‘Image Object Table’ window and choose
‘Configure Image Object Table...’ from the context menu.

The ‘Configure Image Object Table’ dialog box opens.
3. Switch on the check-box ‘Unclassified image objects’ at the lower left.

4. Click OK to display all ‘Building’ and ‘unclassified’ image objects and their feature
values.
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7

Settings
Check

Action!

Information

Action!

Configure Image Object Table 2IX

Claszes Features

Bl - Area

Select Classes Select Features
¥ Unclazzified image objects
[ | Cancel |

Figure 112: ‘Configure Image Object Table’ window, with class ‘Building’ selected and feature
‘Area’ selected.

Sort the values and browse to the individual objects

1. Click the ‘Area’ column header to sort according to the column values. Make the
smallest value the top of the list.

2. Zoom into the image so that you can see the individual ‘unclassified’ objects.
3. (lickin one row in the table to select the corresponding image object.

4. Evaluate the objects from smaller to larger, objects smaller than about 100 are
actually no buildings.

A lot of ‘unclassified’ objects are still very small.

11.4.2 Use ‘remove objects’ algorithm to
“swallow” small objects

The algorithm ‘remove objects’ merges each image object of the defined domain into
the neighbor image object with the largest common border. In our case the
‘unclassified’ objects smaller than 100 pixels shall to be merged with the neighboring
classes.

Insert process to remove small objects

1. Append a new process and select ‘remove objects’ algorithm from the ‘Basic
Object Reshaping’ section.

2. As'Class filter’ set ‘unclassified’.
3. As‘Threshold condition’ define ‘Area’ smaller than 100 pixel.

4. Keep 'none’ as ‘Target class’.
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Note:

are allowed to “swallow” an object.

The field ‘Target class’ defines the class, who is allowed to incorporate the object
defined in the domain. ‘None’ means here no restrictions to a specific class, all classes

5. Execute the process.

Edit Process

Name Algorithm Description
= . B Merge image objects in the image object domain. Each image object is
utomatic merged into the neighbor image obigct with the largest comman border.

|I00p: unclassified with Area <= 100 Pxl at Level: remove o Algarithm parameters

Algorithm FParameter Yalue
J Target class none
-
Mo
Image Object Domain
image object level ﬂ
Parameter Yalug
Level Levell -
Class filter unclassified
Threshold condition Area =100 Pl
Second condition
Map Fraom Parent
Region From Parent
tax. number of image obj...  all J
hd

Loops & Cycles
Mumber of eycles |Loop while something changes ﬂ

Execute | Ok | Cancel Help

Figure 113: Process settings to remove too small ‘unclassified’ objects.

Process Tree

=1 = Building Extraction
+- = Apply Image Filters
+- = Segmentation
-1 = Classification
+- ® Classify Steep Areas
+ m Classify Ground
+ m Classify Buildings
+- ® Clean up Steep
+- ® Clean up Building
-~ = Prepare for Export
ML Ground, Steep at Levell: unclassified
~= unclassified at Levell: merge region
@ loop: unclassified with Area <= 100 Pxl at Levell: remove objects

# 4 » » Main

Figure 114: Process Tree to prepare the export.

11.5 Review result

Check with the ‘Image Object Table’ the object sizes.
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Image Object Table X
4 ID | Class | area P [ A
A unclassified 249 1
Result -
14 unclaszified 1281
Check 16 Bilding 4348 4
13 Building 5802 1
4 Building B146
] Building 8422 —
3 Buiding 10809
21 Building 11034
10 Buiding 36450
20 Buiding BE191
15 Buiding 73860 ]
17 Building 7H522 v |
# 4 » w 5 Custom

Figure 115: lmage Object Table’ sorted by ‘Area’ feature.

Lesson 11 covered the following content

Strategy to export the results — declassify those classes not of interest, merge objects
Translating strategy — declassify ‘Steep’ and ‘Ground’
Review result

Translating strategy — remove small objects

Review result

Next step: Classification accuracy accepted, ready to export

result!

Rule Set Development
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\/Res Exporting the vector file
¥ Exg

Lesson 12Exporting the vector file

This lesson covers the following content

= Insert process to export shape file with attributes

= Review the exported result

Within eCognition Developer there are several algorithms to export the results. You can Introduction
choose between exporting
e  Statistics (project or object related)
e Images
e  Vectorfiles
In this Guided Tour a vector file containing the area of the buildings is exported.
12.1 Insert process to export shape file
with attributes
This chapter covers the following content
= C(reate the feature ‘Class Name’
= Insert process to export vector file
] ’
12.1.1 Create the feature ‘Class Name
How to create the feature in detail, please see Guided Tour 1 ‘Getting started’, in Chapter
11.2.1.
1. Inthe ‘Feature View’ window browse to ‘Class-Related features>Relations to
Classification>Class name’.

2. Create the feature with keeping the default settings.
Action!

The feature has been added to the Feature View list.
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7

Settings
Check

Action!

Feature View X

+- m Object featuras ~
Clazz-Felated features
»  Cuztomized

+#+ Relationz to neighbor objects
A Relations to zub objects
{ Relations ta super objects
Ty Relations to Classification
+- m Memberzhip to
+- w Clazzified az
+- m Clagzification value of
-] w Clazz name
= [Create new Clasz name'
[ Class name(0,0)
+- w Clagz color v

F— 1.

Figure 116: The feature ‘Class name’ in the Feature View tree.

-

12.1.2 Insert process to export vector file

1. Inthe Process Tree collapse the parent process ‘Classification’ and right-click on it.
Select ‘Append New' from the context menu.

Choose algorithm and object domain

2. Choose ‘export vector layers’ from the algorithm list. You can find it in the
category ‘Export’.

3. Keepthe ‘'none’ as ‘Class filter'.

Define the parameter

4, Inthe field ‘Export mode’ keep ‘Use export item’.

5. Inthefield ‘Export item name’ insert ‘Advanced Building Extraction’. This will be
the name of the exported file.

Define the attributes to be exported
6. Clickin the field ‘Attribute table’.
The ‘Select Multiple Features’ dialog box opens.

7. Browse to the ‘Class-Related features>Relations to Classification>Class name’ and
double-click on it to shift it to the ‘Selected’ window.

8. Do the same for the ‘Area’ feature (Object features>Geometry>Extent>Area).
Confirm with ‘OK’.
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Select Multiple Features

A ailable

Object features
Class-Related features
Linked Object features
Scene features
Process-Helated features
Fieqgion features

Image R egistration features
Metadata

Feature V ariables

[ [ [ [
"= m o= omomomoEom

‘Res
" Expo

Selected
- Ty Geometry
=-001 Extent
L Area (PRl
= = Class-Helated features
=-IF Relations to Classification
= = Class name
7 Class name(0,0]

Cancel

Exporting the vector file

Figure 117: The ‘Select Multiple Features' dialog box.

9. Confirm the ‘Edit Attribute Table Columns’ dialog box with ‘OK'.

10. In the field ‘Shape Type’ change from ‘Points’ to ‘Polygons’.

11. Keep all other default settings.

12. Execute the process.

The shape file together with its attributes is exported to the location where the image

data is stored.

Edit Process

Mame

¥ Autamatic

Algorithm Degcription

B’: Export wector lapers to a file.

Algorithm

|at Levell: export object shapes to Advanced Building Extr

Algorithm parameters

FParameter

Image Object Domain

ﬂ Export mode

E=port item name
Export zeries

image object level

Pararmeter Yalue
Lewvel Levell
Class filker Tiohe
Threshold condition

Map From Parent
Fegion From Parent
Max. number of image obj... &l

Loops & Cpcles

= Export Data
j Altribute table

Shape Type

Export Tupe

Dimenszion

Usze geo-coded coordinates
= Export Format

Mame of feature class to ex...

Export Format
Desktop Export Folder

Mumber of cycles |1

[~ |
Execute | Ok

Yalue

Usze export item -
Advanced Building Extraction — |
Mo

Area_Pul; Class_name
Polygons

Raster

2D

es

Shapefile [*.shp] s
{:5cene.Dirt

| Cancel | Help

Figure 118: ‘Edit Process’ dialog box with settings to export a vector layer.
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Rule Set
Check

Result
Check

Process Tree E|

[=- = Building Extraction
v = Apply Image Filters
- = Segmentation
- = Classification
- = Expart
~E at Levell: export ohiect shapes to Advanced Building Extraction

H 4 » » ‘Main

Figure 119: Process Tree with process added to export a vector layer of the result.

12.2 Review the exported result

A shape file has been exported. Review it with ArcGIS or simply check the exported .dbf
file.

A | B |

Area_Pxl Class_name
206706 Building
151715 Building
128403 | Building
7014 Buildin
10834 Buildin
85103 Building
77147 Building
157566 Building

ANTTAA Dl e

Figure 121: Exported .dbf table containing the area and the classification of every object.

il i

-
]
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Exporting the vector file

Lesson 12 covered the following content

= Insert process to export shape file with attributes

= Review the exported result
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Where to get additional help and
information?

eCognition Community and Rule Set
Exchange platform

The eCognition community helps to share knowledge and information within the user,
partner, academia and developer community to benefit from each other's experience.
The community contains next to other content:

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/.

User Guide and 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.

Both are also available in the Wiki section of the community
http://community.ecognition.com/home/app wiki
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Where to get additional help and information?

Additional Guided Tours and Tutorials

DEFINIENS If you are interested in further auto learning material you
can work through the other Guided Tours you can
download them on the eCognition community

eCognition 8: Guided Tour-Level (http://community.ecognition.com/home/app_wiki ).
Getting started - Example: Overview over the current Guided Tours:

Simple building extraction

Classification of buildings using LiDARand . . .

RGB dite e Level1_GuidedTour_LiDAR_SimpleExample

e Level2_GuidedTour_MappinglmperviousSurface

e Level3_GuidedTour_LiDAR_AdvancedExample

Tutorials can be found in the Wiki section of the
community
http://community.ecognition.com/home/training-material

eCognition Training

eCognition Training Services offer a carefully planned curriculum that provides hands-
on, real-world training. We are dedicated to enhancing customers’ image analysis skills,
helping these organizations to accomplish their goals. Tailored courses are available to
meet the needs of customers engaged in Life and Earth Sciences.

Our courses are held in our classrooms around the world and at customer's sites. We
offer regular trainings as Open Classes, where anyone can register and as In-Company
Training. We also offer Customized Courses to satisfy customer's unique image analysis
needs, thereby maximizing the training effect.

For more information please see our website at
http://www.ecognition.com/learn/trainings or write an email to training@definiens.com.

eSeminars
Join one of the live, online eSeminars:

http://www.ecognition.com/learn/trainings/web-based-self-study-training

Consulting

eCognition Consulting Services experts have deep insight into products, best practices
and professional project management skills. As a result, we are able to deliver rapid
implementations that maximize the return on investment and minimize total cost of
ownership. Consulting can also provide full-service, turnkey solutions, including project
management, off-site rule development, QA and implementation reviews. Customers
can count on our consultants’ considerable expertise in the application of technology.

Buy Software and Services?

If you want to purchase software or if you want to know more about pricing please visit
http://www.ecognition.com/buy and get in contact with our sales team.
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