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About The Authors

Professor Dr. Aliakbar Rasouli is a
geoscientist who accomplished his Ph.D. at Wollongong
University in Australia. He had launched the most modern
remote sensing real-time monitoring systems and digital weather
observation devices at the University of Tabriz by teaching the
principles of applied remote sensing and Geographic
Information Systems. Later, he obtained an honorary fellow
invitation from the Macquarie University, Environmental
Sciences Department. Then, he completed a research fellow
opportunely on severe thunderstorms monitoring and landcover
changes in the New South Wales State and the Greater Sydney
Metropolitan area. He has served as the author of numerous
books, papers, and research focused on the practical training of
advanced remote sensing, image processing, and geospatial
information technology.

Over the past few years, Professor Rasouli has started a joint
research and educational cooperation with the Azerbaijan
National Academy of Sciences, the Institute of Geography. Such
a thoughtful invitation led to a fruitful collaboration that resulted
in the publication of several books, issuing various articles,
presenting a few workshops, and lecturing in international
conferences are among the latest scientific activities of Prof.
Rasouli's up-to-date novelty Azerbaijan. Among his most
important academic goals are the following:

» introducing the basic principles of a modern real-time
satellite monitoring system and consequence digital image
processing more ineffective manners,
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encouraging advanced image processing and Spatial
Information Sciences (SIS) behaviors among young
scholars through fast training programs in Azerbaijan.
visualizing Azerbaijan's most recent hydro-climatic,
agricultural, and landcover/landuse geo-environmental
changes by applying a modern remote sensing technology.
participation in  the accurate identification of
landcover/landuse changes in the liberated areas of
Qarabag applying advanced remote sensing technologies
and processing of satellite imagery utilizing Object-Based
Image Analysis (OBIA) and Machin-Learning/Deep-
Learning techniques.



Mastering Object Based Image Analysis About The Authors

o e Assistant Professor Dr. Muhammed
Milani was born in Iran, studied for a bachelor's and master's
degree in computer engineering in Tehran, and completed his
doctoral studies in Turkey. His interest in satellite imagery dates
back to his undergraduate years. Then, during his postgraduate
studies, he worked on several images, satellite image processing,
and GIS projects. Muhammad is the author of VB programming
and Automatic Generation and Solving of mathematical
expressions books and currently lives in Turkey with his wife
and daughter as an assistant professor.
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Assistant Professor Dr. Bahar Milani
completed his bachelor's degree in mathematics in Iran. After
several years of researches, she went to Turkey and completed
her Ph.D. in Computer Engineering. After graduating, Bahar
worked as an assistant professor at a Turkish university.
Teaching and writing are among Bahar's hobbies. She has great
enthusiasm for environmental research with computer sciences
and artificial intelligence approaches, with some published
papers in this regard.
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An Introduction to OBIA Approach

OBIA overcomes the limitations of traditional image processing

approaches

Basic Background

This book will familiarize you with the basics of Object-Base
Image Analysis (OBIA), general aspects of uses, and an
overview of their applications through the Republic of
Azerbaijan countryside. In a simple view, OBIA is becoming the
advanced primary image analysis and processing procedure.
Furthermore, to understand the main concepts, you will
experience your first glimpse of earlier version 9.01 of
eCognition Software, rather than going into the new version's
details too soon. Authors also recommend that new learners to
OBIA start with theoretical and practical basics of pixel and

objects fundamentals.
Essential of OBIA

Around 2000, GIS and image processing started to grow
together rapidly through OBIA for geospatial object-based

image analysis. Accordingly, significant advances have been
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made in remote sensing in recent decades. Several factors seem
to have simultaneously contributed to these remarkable
successes, particularly in the field of satellite image processing.
We paid the most attention to the category of knowledge
creation procedures such as the OBIA field. The most feature of
OBIA is directed to the object-oriented classification, which
uses both spectral and spatial information for classification. The
process involves the categorization of pixels based on their
spectral characteristics, shape, texture, and spatial relationship
with the surrounding pixels. To learn and apply OBIA
approaches, new learners must pay attention to the other
contributing variables associated with it, as a few important

factors are presented in Figure 1.

Figure 1. Controlling variables associated with OBIA
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In practice, OBIA is one of several approaches developed to
overcome the limitations of pixel-based approaches. It
incorporates spectral, textural, and contextual information to
identify thematic classes in an image. The first step in OBIA is
to segment the image into homogeneous objects. The term
object here stands for a contiguous cluster of pixels.
Segmentation stands on pre-defined parameters like
compactness, shape, and scale, derived from real-world
knowledge of the features one wants to identify. For instance,
crop mapping will require an understanding of the size and
shape of farm fields in the area of interest. Over- and under-
segmentation are obvious threats to these approaches, and they
may not identify all semantically meaningful entities. Object-
Based will generate segments by integrating similar pixels, and
then segments will be assigned to landcover. In turn, Object-
Based Classification is suitable for classification based on high-
resolution satellite imagery.

Each object (segment) signifies the contained pixels' statistical
properties in a second step. It means that all pixels within a
segment are assigned to one class, eliminating the within-field
spectral variability and mixed pixels problems associated with
pixel-based approaches. Supervised and unsupervised
classification is pixel-based. In other words, it creates square
pixels, and each pixel has a class. But OBIA groups pixels into

representative vector shapes with size and geometry.
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In a simple view, OBIA segments an image by grouping pixels.
It doesn't create single pixels. Instead, it generates objects with
different geometries. If you have the right image, objects can be
so meaningful that they digitize for you. For example, the
segmentation process highlights buildings, roads, and water
bodies. In OBIA based classification, you can employ different
methods to classify objects, for example:

v" SHAPE: If you want to classify buildings, you can use a shape
statistic such as "rectangular fit that tests an object's geometry
to the shape of a rectangle.

v' TEXTURE: Texture is the homogeneity of an object. For
case, water is mostly homogeneous because it's mostly dark
blue. But forests have shadows and are a mix of green and
black.

v' SPECTRAL: You can utilize the mean value of spectral
properties such as near-infrared, short-wave infrared, red,
green, or blue band.

v' GEOGRAPHIC CONTEXT: Objects have proximity and
distance relationships between neighbors.

Think both Objects and Pixels

How amazing would it be if you could digitize all your features
in an image with just a click of a button? On top of that, do you
classify each feature with another click of a button? Sounds like
magic? But these two processes are segmentation and
classification performed in OBIA. Let's examine what it is and
how you can use it to get your work done more efficiently and
accurately. Human visual perception almost always outperforms
computer vision algorithms. For example, your eyes know a
river when it sees one. But a computer can't recognize rivers

from lakes.
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Traditional pixel-based image classification assigns a landcover
class per pixel. All pixels are the same size, same shape, and
don't have any concept of their neighbors. However, OBIA
segments an image, grouping small pixels into vector objects.
Instead of a per-pixel basis, segmentation automatically digitizes
the image for you. OBIA segmentation is a process that groups
similar pixels into objects. What segmentation does is replicate
what your eyes are doing. But with these segmented objects, you
use their spectral, geometrical, and spatial properties to classify
them into land cover.

In turn, OBIA classification uses objects' shape, size, and
spectral properties to classify each object. Otherwise, when
using traditional image classification techniques, you often get a
salt and pepper look in the classification result. To recap, the
two basic principles of OBIA are:

> The layer arithmetic algorithms: use a pixel-based operation
to merge up to four layers by mathematical operations. For
example, you can apply the surface calculation algorithm to
derive the slope for each pixel of a digital elevation model
(DEM). It uses to determine whether an area within a
landscape is flat or steep and is independent of the absolute
height values.

» Index Layer Calculation algorithm that inserts a new image
layer by calculating a spectral index. You may choose NDVI,
NDWI, NDSI (soil), NDSnl (snow), NBR, SAVI, EVI, and
GRV indexes.

» Segmentation that breaks the image up into objects
representing land-based features. Segmentation algorithms
subdivide entire images at a pixel level or specific image
objects from other domains into smaller images. Trimble
provides several different approaches to segmentation,
ranging from very simple algorithms, such as chessboard and
quadtree-based segmentation, to highly sophisticated methods

9
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such as multiresolution segmentation and contrast filter
segmentation. Segmentation algorithms are required to create
new image object levels based on image layer information.
But they are also a very valuable tool to refine existing image
objects by subdividing them into smaller pieces for more
detailed analysis.

» Classification algorithms analyze image objects according to
defined criteria and assign them to a class that best meets
them. You may evaluate the membership value of an image
object against a list of selected classes. The classification
result of the image object is updated according to the class
evaluation result. The three best classes remain in the image
object classification result.

» The RuleSet algorithms let you control certain settings for the
rule set or parts of rule sets. For example, you may want to
apply particular settings to analyze large objects and change
them to analyze small objects. Because the settings are part of
the ruleset and not on the client, they are when the rules are
introduced.

> Deep learning, a subset of machine learning - utilizes artificial
neural networks to analyze data. The approach and
architectures were inspired by insights into the functioning of
the nervous system and mimic human perception.

» Export algorithms let you can export the results in several
vectors or raster formats. In addition, statistical information
can be created or exported.

Many supplementary algorithms and operators could reach

advanced applications inside the eCognition Developer 9.01
suits. During included tutorials, you will be familiar with many
of them. But, here, two segmentation and classification
algorithms are highlighted. When you segment an image, the
process groups pixels to form objects; suddenly, landcover
features start popping out, similar to how your eyes process your
surroundings. Based on your compactness and shape settings,
this is the preliminary step in OBIA. How big do you want the
objects to be? There's a scale parameter that you can estimate to

10
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generate more meaningful objects. Also, you can configure
weights for all the layers you want to segment. It means that you
only have to segment by red, green, or blue. Still, you can also
segment a Digital Elevation Model (DEM), Digital Surface
Model (DSM), Near Infra-Red (NIR), or even LIiDAR imagery.
After you segment the image, it's time to classify each object.
You can now classify because each object has statistics
associated with the others. For example, you can classify objects
based on geometry, area, color, shape, texture, adjacency, and
more. While options are not limiting, this is where the true
power lies in eCognition Software There are seemingly more
practical examples in the following sections to recognize the
eCognition powers.

Coping with eCognition Suits:

Trimble eCognition software, in different versions of 9.01, 9.5,
10.1.1, and recently 10.1.2), is based on a new, object-oriented
approach to image analysis, used by remote sensing experts,
data scientists, and GIS professionals. In contrast to traditional
image processing methods, the basic processing units of object-
oriented image analysis are image objects or segments and not
single pixels. Even the classification acts on image objects. One
motivation for the object-oriented approach is that the expected
result of many image analysis tasks is the extraction of real-
world objects, proper in shape and proper in classification.

Common, pixel-based approaches cannot fulfill this expectation .

11
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Although the eCognition 9.01 version is an earlier combination
of different contributing procedures, some basic characteristic
aspects of the underlying object-oriented approach are
independent of the particular methods. The networking of these
image objects is directly connected to the representation of
image information utilizing objects. Whereas the raster models
give the topological relation of single, adjacent pixels. Learners
must explicitly work out the association of adjacent image
objects to address neighbor objects. Consequently, the resulting
topological network has a big advantage as it allows the efficient
propagation of many different kinds of relational information.
Inside eCognition, users can design feature extraction solutions
to transform geo-data into geo-information with many
possibilities as:

= eCognition makes a fundamentally different approach from
usual approaches to data analysis due to its ability to emulate
the human mind's cognitive powers and fuse geospatial input
data .

= In terms of segmentation and classification processes, it can
develop a robust method of rendering knowledge in a
semantic network. The technology examines pixels/ points,
not in isolation but context. It builds up a picture iteratively,
recognizing groups of pixels as objects.

= Like the human mind, it uses objects' color, shape, texture,
size, and context, and relationships to draw the same
conclusions and inferences as an experienced analyst. Still, it
adds the advantages of automation and standardization .

= eCognition classifies and analyzes imagery, vectors, and point
clouds using all the semantic information required to interpret
it correctly. Rather than examining stand-alone pixels or
points, it distills meaning from the objects' connotations and
mutual relationships, not only with neighboring objects but
throughout various input data.

12
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= The eCognition software fuse various geospatial data, such as
spectral raster data, 3D point cloud data, and thematic data .

= You could convert satellite images to point clouds, vectors to
images, and all three to one another. Users can leverage the
full power of their input data independent of data type and
source.

= Trimble eCognition is an advanced analysis software for
geospatial applications. It is designed to improve, accelerate,
and automate the interpretation of various geospatial data. It
enables users to design feature extraction of change detection
solutions to transform geo-data into geo-information.

= The eCognition suite offers three components: eCognition
Developer, eCognition Server, and eCognition Architect,
which can be used stand-alone or in combination to solve
even the most challenging image analysis tasks. In the
following sections, you will work with trial versions of
eCognition functions that have a much more powerful
development environment for object-based image analysis .

OBIA inside eCognition Developer:

The human mind has a remarkable ability to make sense of
images, identify objects, and extract insights. It handles
ambiguous or partial information by making inferences based on
the image as a whole, the relationship between objects, and
external and contextual information. Attempts to computerize
this capacity for image analysis have been going on for decades.
But despite increases in computational power and imaging
capabilities, advances in automated image analysis have been
limited.

The root of the problem is that computers examine images on a
pixel-by-pixel basis. Along those lines, "objects of interest" can
be identified by using a series of pixel-based filters. These

filters, such as intensity thresholds and gradients, distinguish

13
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patterns by comparing pixels to their neighbors. For an effective
analysis, the original image transforms so that simple threshold
measures can extract the areas of interest.

Identifying and analyzing objects using Cognition technology is
an iterative one. While identifying and measuring "objects of
interest,” users can test, refine and fine-tune their analyses at any
point in the workflow. This approach dramatically reduces the
time needed to arrive at results and makes it easier and more
intuitive to create and validate new applications that explore
fresh avenues of investigation. We may ldentify the basic OBIA

functionality (Figure 2).

e
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Figure 2. An example of a Sentinel-2 satellite image processing according to the OBIA
concept.

d) Separatlon of agncultural field boundaries

14



Mastering Object Based Image Analysis

+ Figure 2-a): shows part of a Sentinel-2 satellite image of an
agricultural part. It is a trivial exercise for a person to identify
the green fields, but it is surprisingly difficult for a computer.

+ Figure 2-b): by applying the eCognition technology, it is
possible to identify greenish parts by searching for green
pixels. However, not all blue pixels indicate farms - there may
be individual green pixels in the middle of a field. Therefore,
eCognition aggregates green pixels into clusters and identifies
only those clusters as bodies of farms that are sufficiently
detected and then delineated.

+ Figure 2-c): separating green farms from non-green farms
demands a different segmentation process for instant
watershed segmentation. It requires the understanding that
traditional agriculture farms are long and thin while modern
farms are generally round.

+ Figure 2-c): by translating these insights into a set of rules and
parameters, a rule-based OBIA approach can distinguish the
different forms of farms.

The most advanced process is that the technology can measure

the size of agricultural farms and compare the results to images
of the same region at a previous time, accurately quantifying any
changes. The Cognition software allows users to easily identify
objects of interest and automate image analysis tasks with high
accuracy. Since the technology works for all modalities, images
from different sources can be compared, facilitating maximum

insight and applications extracted from image data.
Starting an eCognition Project:

Experience has proven that careful attention to several important
factors in understanding and using eCognition Software has
been very helpful. Based on the author's practical experience,
the items listed in Table 1 are very effective factors in fast

training programs limited to the eCognition Developer suit.
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Table 1. Basic processing steps and experiences of OBIA inside the eCognition

Software

Step Basic Processing Activity Experiences

1 Outline the research aim (s) Define an understandable research
problem.

2 Limit the study area to a small part | Subset a relatively small geographic
area.

3 Download the satellite imagery Provide high-resolution satellite imagery
(Landsat & Sentinel series).

4 Open the eCognition Software Start with  eCognition  Developer
different versions (9.01) to get basic
skills.

5 Create a project inside eCognition | Save and evaluate the project as it
changes.

6 Combine image layers Create an RGB combination image with
a few bands.

7 Try to segment the image based on | The segmentation process should to
the correct scale, shape, and other | based on other researchers and your
relevant factors. experiences.

8 Define the landcover & landuse | Do not label a lot of classes.
classes

9 Extract statistics of bands and | Feature statistics layers result in the
classes better recognition of the training areas.

10 Classify the segmented image | Any ruleset is a key to achieving an
based on a (un) supervised or | accurate automated image classification
ruleset classifies process.

11 Assess the classification accuracy Calculate the User’s, Producers, and

Overall accuracy.

12 Export the results to a GIS setting | You could export all classified classes
and feature statistics to ArcMap for
further analysis.

13 Create personal geo-Informative | It will help you keep geo-datasets for the

datasets change detection procedure.

14 Reanalysis datasets and create final | Verify the final modes by comparing
models to address the research | them with real land facts.
aims

16
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The basic steps of running eCognition Software are
schematically shown in Figure 3 to achieve the goals of the

OBIA application in the information process.

I
Multispectral Satellite Imagery \‘ L
[Landsat (5,7 & 8 and Sentinel-2 Sensors)

N pe—

Images Pre-Processing

{Inside ERDAS Imagine)

| Image Layer Mixing (RGB)

. . . ( Estimation Scale Parameter
Multiresolution Segmentation
(ESP)

5

- | Project in eCognition Developer W

Qass Hi Development of Classification Dynamic Thrﬁmldi"g*,ﬂ
ass Hierarchy Rule-Sets | — Landcover & Topographic
Indexes

i

‘ Classification Process

1l
I S S B ———
TE -~ E =

< Referenced Data > CA-MC Models
¥

> < TerrSet IDRISI Selva >

< Visualized Inspections

I

[ Accuracy Assessment

LC/LU Mapping

(GIS Setting)

Figure 3. An example of basic OBIA process inside the eCognition Software
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OBIA Applications:

Changes in landcover and landuse are pervasive, rapid and can
significantly impact humans, the economy, and the environment.
Accurate landcover mapping is of paramount importance in
many applications, e.g., biodiversity conservation, urban
planning, forestry, natural hazards, etc. Unfortunately,
traditional landcover mapping processes are often inaccurate,
costly, and time-consuming. A classification for an image - in
one geographic location- cannot be directly applied to a different
image on a different site.

In practice, land cover maps are built-up by analyzing remotely
sensed imagery captured by satellites, airplanes, or drones, using
different classification methods. The accuracy of the results
depends on the quality of the input data (mainly based on the
spatial, spectral, and radiometric resolution of the images) and
on the used classification method. The most commonly used
methods could be divided into pixel-based classifiers and OBIA.
Pixel-based methods use only the spectral information available
for each pixel. They are faster but ineffective in some cases,
particularly for high-resolution images and heterogeneous
objects detection. Object-based methods consider image
segments' spectral and spatial properties (i.e., set of similar
neighbor pixels). They are faster but ineffective, particularly for
high-resolution images and heterogeneous object detection.
Object-based methods consider image segments' spectral and

spatial properties (i.e., set of similar neighbor pixels). The most

18
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commonly used Software implementing OBIA-methods is the
privative eCognition Developer, which provides a friendly
graphical user interface for non-programmers. There exist
several free and open-source OBIA-software, but they are less
popular. There is a growing demand for accurate high-resolution
land cover maps in many fields, e.g., land use planning and
biodiversity conservation, particularly in geography and
environmental research. Developing such maps has been
traditionally performed using OBIA and GEOBIA methods,
which usually reach good accuracies but require high human
supervision.

Targeting Geo-Environmental Problems:

The Republic of Azerbaijan is situated in the Caucasus region of
Eurasia, as three major physical features dominate it: the
Caspian Sea, whose shoreline forms a natural boundary to the
east; the Greater Caucasus mountain range to the north; and the
extensive flatlands at the country's center. The elevation changes
over a relatively short distance from lowlands to highlands;
nearly half the country is mountainous. The climate of
Azerbaijan varies from subtropical humid in the southeast to
subtropical and dry in the central and eastern parts of the
country. At a simple glance, the country can be divided into the
recognized ecosystem complexes, all of which contribute to the
large diversity of this wonderful country's forests, high
mountains, scrublands, steppes, semi-deserts, wetlands, and

coastal ecosystems (Figure 4).
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Figure 4. A general map for the protected areas in Azerbaijan

We purposely applied the OBIA's different image processing
functions to recognize the geospatial features of Azerbaijan.
Over time, Azerbaijan has had incredible natural resources
unique to this part of the world, including its National Parks and
State Reserves. Meanwhile, some parts of the country face
serious environmental failures, such as air and water pollution
and subtle changes due to the notable fluctuations in the Caspian
Sea. Furthermore, other natural hazards such as droughts,
floods, and bushfires may occasionally endanger the country's
natural resources. For instance, local scientists consider the
Apsheron Peninsula, including Baku and Sumqayit cities, and

the Caspian Sea costliness to be the ecologically most
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devastated area in the region because of severe air and water and
soil pollutions. The occupied Qarabagh rich florae, fauna, and
enormous natural resources have been in great confrontation due
to occupation force action.

Sum Up:

Many OBIA users have been working intensively on geographic
and environmental topics; most wusers run eCognition
applications for "green, environmental and climate changes
purposes.” No doubt, there are thousands of different
applications for those image analysis software. Authors
convince that this is directly related to images' massive power.
The conventional wisdom that "one image is worth a thousand
words" fully applies to human understanding of environmental
issues. Every eCognition wuser in the geosciences and
environmental community has a story to tell. Some of these
stories will help us better understand how far the situation has
progressed.

We are sure that you don't want to stop here in the current
introduction. You will try to find out what eCognition Software
does (even having different progressive versions) is provide you
with a detailed representation of all objects and their inter-
relationships within the diverse satellite images. With this
cognition developer, we can recognize and measure practically
everything contained in an image — and do so across very large
areas and over long periods. In short, the thousands of

minuscule facts documented in an image are now becoming
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available in a standardized way, including the following

advantages:

An object-oriented approach is better to reach practical
knowledge on geographic and environmental behaviors.
OBIA - and in specific geographic cases, GEOBIA - has to be
integrated as a "particular vision" in the higher-education
tearing programs.

It is now possible to import external, pre-trained advanced
models into eCognition. Deep Learning users can save time in
the workflows' sample generation, model creation, and
training phases.

eCognition has added new tools to improve surface
calculations and analysis. It is now possible to generate hill-
shade layers based on DSM and DTM inputs. In addition, a
Ridge Filter algorithm improves the extraction of ridge-like
features in images and elevation data.

The majority vote functionality is supported by the last
eCognition versions, which increases the contextual
relationship between image objects to make classification
easier.

The important point is that eCognition continues to improve
its free trial versions. It makes access easier for new learners
to utilize the last OBIA advantages.

As a final point, eCognition Software should view as an
advanced knowledge creation high-technology, an inevitable
requirement for future Azerbaijan geo-environment research
investigations.

22
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Tips:
1)

2)

3)

Informative Practices

Trimble eCognition enables you to accelerate and automate
the interpretation of your geospatial data products by allowing
you to design your feature extraction and change detection
solutions.

You can learn about the technology that drives eCognition as
a market leader in feature extraction.

The eCognition Software is used by professionals, remote
sensing experts, and data scientists to automate geospatial

data analytics.

Workouts:

1)

2)
3)

Summarize the basic processing steps of the eCognition
Software.
List the possible applications of OBIA in your research area.

List the eCognition suite of the different main components.

Quizzes:

1)
2)

3)

What does an OBJECT mean?

What are the similarities and differences between OBIA and
GEOBIA approaches?

What are the basic goals of the OBIA?
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2)
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2011).

Baatz, M., Schipe, A. (2000). Multi-resolution segmentation —
an optimization approach for high quality multi-scale
segmentation. In: Strobl, J., et al. (eds.), Angewandte
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The OBIA Approach Basic Requirements

‘B, T
=

» H} e .
L. eCognition

Data Science Meets OBIA

a progressive OBIA needs a well-designed platform

Basic Concepts:

The current book prepares so that interested beginner,
intermediate, and even advanced trainees, with introductory
knowledge of image processing concepts and fewer software
skills, could be familiar with the basic concepts of OBIA
working in eCognition software 9.01 setting. Accordingly, we
will train students to access and install the eCognition Developer
9.01 on their computers during the first section. They will learn
to access, download, manage, and display the Landsat 4, 5, 7,
and 8 imagery through simple steps from recognized
international websites.

We expect students to, with access to acceptable standard
satellite imagery and basic familiarity with eCognition software,
it will be possible to practice with OBIA primary concepts. At
the same time, one of the main goals of this section of the book

is to teach how to extract applied information from raw satellite
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images in the Republic of Azerbaijan geo-environment context.
Due to the educational nature of the content provided, you may
encounter duplicate content and work with similar data sets.
Trainees have to try to understand the basic concepts of OBIA
and the structural capabilities of the eCognition Developer
settings during the first section. Nevertheless, we expect
interested apprentices to achieve their desired educational and
research goals with great perseverance before starting the

lectures of "Section Two" with more evolved goals.
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Tutorial 1

Running the eCognition Trail Version 9.01

Dev@bDer

Afchltect

&

any eCognition includes a range of new features and rule sets.

Opening Statement:
In the current tutorial, you will learn how to access and install

the eCognition Developer 9.01 trial version, a powerful
development environment for Object-Based Image Analysis
(OBIA). eCognition 9.01 extends the existing knowledge-based
and supervised classification methods available for geospatial
applications. It is extensively used in earth sciences to develop
rule sets for advanced remote sensing data analysis. In addition,
you will have the first experience of importing Landsat-4
satellite MSS bands, subsetted for the small part of the

Azerbaijan, Qarabag region, into the eCognition software

environment.
Instructive Memo:

v' Level: Beginner,
v' Time: This tutorial should not take you more than 1

hour.
v' Data: Landsat-4 19780713 T2.tar.gz,

v" Software: eCognition Developer, Version 9.01,
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v’ Satellite Sence: Part of the Qarabag region,
By the end of this unit, you should be familiar with:

+ Free sources of the eCognition software.

+ Install and set up the software.

+ Start and run the eCognition Trail version.

+ Import Landsat-4 bands to eCognition setting.
Background Concepts:
The eCognition software operates for all common image
processing tasks such as vegetation mapping, feature extraction,
change detection, and object recognition. The object-based
approach facilitates analysis of all common data sources, such as
medium to high-resolution satellite data, high to very high-
resolution aerial photography, lidar, radar, and even
hyperspectral data. In this tutorial, we experience the Landsat 1-
4 satellites with the optimal ground resolution (60 meters) and
fewer spectral bands (4 bands). However, they could be
processed to track landcover efficiently and document land
changes due to climate change, urbanization, drought, wildfire,
vegetation changes, and a host of other natural and human-
caused changes. You may use this version of eCognition to
highlight the benefits of the most antiquated Landsat imagery of
the Qarabag region; many years ago, military actions did not
damage the region's lush forests during the long-drawn fights.
You can download eCognition Developer 9.01 from different
software libraries for free, as the Trimble GeoSpatial created the

most popular program.
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Mastering The Skills:
To learn the OBIA approaches, you need to install the Cognition
Developer 9.01x64 on your personal computer. First launched in
May 2000, eCognition introduced the more advanced method
for extracting information from images using a hierarchy of
image objects (groups of pixels) instead of traditional pixel
processing methods. To practice the eCognition software, you
need to undertake the following:
Step 1) Accessing the Free eCognition 9.01
1.1)  Download the eCognition Developer version 9.01, one of
the sites as listed follows:
a) https://en.freedownloadmanager.org/Windows-
PC/eCognition-Developer.html
b) http://edutechsoft.blogspot.com/2018/12/ecognition-
developer-901-full-crack.html
c) https://mega.nz/file/5S4EQCKSB#Td_M2cQLWITXjHE
QbgkpxVfpitOneW1lwqchGLJYAMSg
1.2) Make a backup from the zipped file inside a particular
folder.
1.3) Unzip and extract and install the software with ‘set

license later.
Step 2) Installation of eCognition 9.01

2.1) First, run Setup.exe unzipped file inside the back-upped
folder (Figure 1).
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eCogation Developer 64 - 5 IER

Figure 1: Running Setup.exe file

2.2) When the Welcome to the eCognition Developer 64 9.0
Setup Wizard comes up, click on the Next button (Figure 2).

@ eCognition Developer 64 9.0 Setup —

Welcome to the eCognition
Developer 64 9.0 Setup Wizard
This wizard will guide you through the installation of
eCognition Developer 64 9.0 2543,

@ It is recommended that you dose all other applications
before starting Setup. This will make it possible to update

relevant system files without having to reboot your
computer.

Click Mext to continue.

e

Figure 2: eCognition Developer 64 9.0 Setup Wizard

2.3) Inside the License Agreement Window, click on the "I
accept the terms of License Agreement and then get on the Next

option (Figure 3).
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@ eCognition Developer 64 9.0 Setup

e License Agreement
y Please review the license terms before installing eCognition
@ Developer 634 9.0.

T} I you accept the terms of the agreement, select the first option below. You
* iy must accept the agreement to install eCognition Developer 64 9.0. Click MNest
to continue.

IMPORTANT, READ CAREFULLY. THIS END USER LICENSE ©
AGREEMENT (“AGREEMENT™) IS A LEGAL AGREEMENT BETWEEN
TOU AND TRIMBLE NAVIGATION LIMITED OR ITS AFFIIIATES
(“Trimble™ and applies to the Trimble eCognition Software product.
including anv accompanving printed materials and anw “‘online”™ or slectronic
documentation (collectively. the ““Softwars™). This Asreement will also apply to
any Softwars srror corractions. vpdates or nperades, if any, that ars subsequentls
fisrnished by Trimble, valess such are accompanisd by different license terms and
conditions which will govern their sse. BY CLICKING “YES® IN THE w

(@) accept the terms of the License Agreement:
()| do nat accept the terms of the License Agreement

= Canc

Figure 3: the License Agreement Window

2.4) Select the eCognition Licensing Option that comes up,
select the Set Licensing Later option, and click on the Next
button (Figure 4).

@ Licensing Information
P Select the eCognition Licensing option.
@ Please indicate the location of the License Server.

(®) Set licensing later

() Metwork localhost EBrowse the Metwork

<o ==

Figure 4: Choosing the Set Licensing Later

2.5) Inside the Choose Components, accept all options and click
on the Next button (Figure 5).
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® eCognition Developer 64 9.0 Setup

_‘ Choose Components
! Choose which features of eCognition Developer 64 9.0 you want
@ to install.

Chedk the components you want to install and uncheck the components you don't want to

install. Click Next to continue.

Select components to install: eCognition Developer 64
SDK.
Documentation

Description
Space required: 325.9MB

<t conc

Figure 5: the Choose Components dialog box

2.6) When you notice the Choose Start Menu Folder, click on
the Next option (Figure 6).

® eC ognition Developer 64 9.0 Setup

i Choose Start Menu Folder

Choose a Start Menu folder for the eCognition Developer 64 9.0
@ shortcuts.

Select the Start Menu folder in which you would like to create the program's shortcuts. You
can also enter a name to create a new folder.

Accessibility ~
Accessories

Administrative Tools

Appnimi

ArcGIs

AutoCAD 2015 - English

Autodesk

Autodesk Backburner 2013.0

Autodesk ReCap

Babylon

Cambridge

Elaborate Bytes L]

= ==

Figure 6: the Choose Start Menu Folder

2.7) In the Choose Install Location dialog box, accept the

default path for the installation process (Figure 7).
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@ eCognition Developer 64 9.0 Setup

_‘ Choose Install Location
! @ Choose the folder in which to install eCognition Developer 64 9.0.

"f\__' Setup will install eCognition Developer 64 9.0 in the following folder. To
« @y installin a different folder, dick Browse and select another folder. Click
Mext to continue.

Destination Folder

| = iles{Trimble\eCognition Developer 64 9.0 Browse...

Space required: 325.9MB
Space available: 3.3GE

<o o

Figure 7: the Choose Install Location dialog box

2.8) When the "Installation is Configured Successfully™ dialog

box comes up, click on the Install option (Figure 8).

@ eCognition Developer 64 9.0 Setup

i Installation is configured successfully.

Installation is configured successfully.

Click "Install” to start the installation or "< back”™ to
change your configuration and selection.

< Back Canicel

Figure 8: the Installation is Configured Successfully dialog box

2.9) eCognition software Installation state (Figure 9).
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@ eCognition Developer 64 9.0 Setup

e Installing
@ Please wait while eCognition Developer 64 9.0 is being installed.

% Extract: RWSExportalgo_x64.dl... 84%
LD |

Extract: AntTweakBaré4.dll... 100%
Extract: DevILUT _x64.dl... 100%
Extract: DevILU_xa4.dl... 100%
Extract: DevIL_xa4.dll... 100%
Extract: LASzip.dl... 100%

Extract: OpenCDE_xg4.dll... 100%
Extract: RWCXAPLdI... 100%

Extract: RWSCore_xg4.dl... 100%
Extract: RWSExportAlgo_x64.dl... 84%:

Trimble Mavigation Limited

< Back Mext > Cancel

Figure 9: eCognition Installation state

2.10) When you notice the Installation complete dialog box,
click on the Next button (Figure 10).

Left Button: Caplure | Right Button: Cirud

<D eCognition Developer 64 9.0 Setup — e
- installation Complote
% Setup was completed successfuly.
= + Completed
L)

Create folder: C:\ProgramData\Mic osoftiWindows \Start Menu'\Programs\.., ~
Create shortcut: C: \ProgramDataVMicrosoft\Windows \Start Menu \Program, . .
Created uninstaler: C:\Program Files\Trimbie ‘mCognition Deyeloper 649.0...

Set users rights: group: Users domain: blank AEservers: MAJID-PC File: C:..,
Output folder: C: \Prog-amData\sCognition '=Cogrnition Developer 64\Logs
Saving instalatien log.

Thank you for using eCogrihon Software,

Complet=d

< Back Next > Cancel

Figure 10: the Installation complete dialog box
2.11) When the Completing the eCognition Developer 64 9.0

Setup Wizard appears, click on the Finish button (Figure 11).
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@ eCognition Developer 64 9.0 Setup - O

Completing the eCognition
Developer 64 9.0 Setup Wizard

Product was irctalled successfully.

Thank you for using =Cognition software, We appreciste
being of service to you with iImage intelligence solutions. At
Trimble we constantly strive to improve our products, We
therefore apprediate &ll comments and suggestions for
Improvements

To contact our support team visit the website
http:/fwww,ecognition, com/support

or by e-mail use

support@ecognition.com

Visit our webpage (www.eCognition.com)

< Back Finsh Cancel

Figure 11: Completing the eCognition Developer 64 9.0 Setup Wizard

2.12) Open the patch\Program Files\Trimble\eCognition
Developer 64 9.0\bin path.
2.13) Copy the listed files in Figure 12.

) T < - -
~
Mame Date modified Type
lic 6/23/2016 238 AM  File folder
plugins File falder
-% DIAClient Application
-% DIAEngineService Application

/62014 319 PM Application
-% DlAJobScheduler 7/6/2014 5:19 PM Application
Engine.dll 7/6/2014 5:19 PM Application |
ProdCnfg.dil 7/6/2014 5:19 PM Application |

[ DIAImageProxy

Figure 12: The files to be copied to your system
2.14) Then all files have to be copy-pasted in the below path
C:\Program Files\Trimble\eCognition Developer 64 9.0\bin.
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2.15) In the end, double-click on the "M Scegnitien Developertd
shortcut that runs the software based on your chooses (Figure
13).

@ Trimble. . ‘ eCognition’
o=E xﬁ;
Quick Map Mode Rule Set Mode

Figure 13: The eCognition Developer start dialog box

2.16) Now, you can select one of the options to start the
eCognition software. In this step, use the Quick Map Mode to

notice the eCognition main window (Figure 14).

eCognition

Developer

Figure 14: the eCognition software the main window, in the Quick
Map Mode
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2.17) Then, try to create the image of the Qarabagh area in the
eCognition software by combining the Landsat 4 MSS bands,
which  you have already prepared from GLOVIS
https://glovis.usgs.gov/app site. How to access the satellite
imagery will be covered in later tutorials.

2.18) Landsat 4 is the fourth satellite of the Landsat program. It
launched on July 16, 1982, with the primary goal of providing a
global archive of satellite imagery.

Landsat 4 carried the Multispectral Scanner (MSS) with four
spectral bands:

Band 4 Visible (0.5 to 0.6 um)
Band 5 Visible (0.6 to 0.7 pm)
Band 6 Near-Infrared (0.7 to 0.8 um)
Band 7 Near-Infrared (0.8 to 1.1 um)

Step 3: Create a Project

3.1) You can create a project to display the Landsat 4 raster
bands inside the eCognition software. Select File>NewProject

on the main menu bar or click the button i@in the toolbar.

3.2) Navigate and open the folder of the Landsat bands
directory. When you notice the Import Image Layers dialog box,
select the bands of 4 to 7 and click on the OK option (Figure
15).
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Import Image Laye:

[ ] [ Mew valome_ |}, OBiaaoois._ ||

satsite || | 171 |

S1-T1

Go to folder

Name Size
¥ LM02_L1 GS 181032 19780713_20180421_01_T2jpg 3,699.00
Bimoz e 5181032 19780713 20180421 01 T2.zip 1,294.00
B 1m02 1165 181032 19780713 20180421 01 T2.tar.gz 27,930.00

M02_L1GS_181032_19780713_20180421_01_T2_BQATIF

26,863.00

| LM02_L1GS 181032 10780713 20180421 01_T2_MTL et 400
HIZ LM02_L1GS 181032 16780713_20180421 01_T2_QB.jpg 29600
| README.GTF 800
« i J v
File Name Filter File Type

E:\0B1A-Books Final Files \Satellits Images\S 1-T1\ M02_L165_i81032_18780713_20180421_01 T2 B7.TIF

Figure 15: The Import Image Layers dialog box

3.3) Your project opens, and the image should be viewable in

the Create Project window (Figure 16).

Map main

Project Image Layers  Thematic Layers Metadata

Project Name Landsat-4 Image

Coordinate Systern
Resoluion (Meters)
Pixel Size

Project Size
Geocoding (Lower Lef)

WGS 84/ UTM zane 38N Transverse_Mercator Wi

60

60

3786x3629 pixels
(569010 / 4341990)

Geocading (Upper Right) (796170 / 4553730)

Resoluion (m/px)

[311]

[7] Use geacoding

Pixel

auto

Meters )

Clear Subset

size (unif)

Imag... File Location

B4 E\OBIA-Books Final Files\Satellite Images31-T
BS EN\OBIA-Books Final Files\Satellite ImagesS1-T
BB E\OBIA-Books Final FilasSatellite Images 51-T

WLMO2_L1GS 1810
ALMO2_L1GS_1810
WLMO2_L1GS_18

N Insert
:

Enfarce fiting

< n | ’
Thematic Layer Alias F. A W H | « Ingert
' Remave
Edit
Metadata Name Falib: Insert

| e
S [ e |

Remave

Edit

Preview

Figure 16: The Create Project window
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3.4) Rename the image layers (channels) to make later
references to them easier. Double-click on the band names, and
when you notice the Layer Properties dialog box, rename the
bands and click on the OK option (Figure 17).

Layer Properties — @I—J&
Layer Alias
B4
Geocoding
Lower left < EEI010
Lower lefty’ 4341330 I
Pixel size 60

Geocoding ¥
Multidimensional Map Parameters
MNumber of slices 1 Cale
Slice distance 1 l

| Slice start 1]

| Mumber of frames 1 Calc ]
Frame distance 1 N

Frame start 1]

[ Ok l | Cancel |

Figure 17: The Layer Properties dialog box

3.5) You should not forget to click on the Subset Selection
option and select a small part of the whole image, where you
prefer.

3.6) Then, inside the Create Project window, click on the OK

option; this will produce your Landsat 4 image of the Qaradagh
region (Figure 18).
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P ———
T R ROy BRrRBRRE N p———eiiS

Subset
Minimum X 598170 Maximum X 656850

MinimumY 4448510 Meximumy' 4487010

Resalution Scene size Active image layer

[ Use geacoding for subset
[7] Store subsetin own file(s) [ oK ] [ cancer |

Figure 18: The Subset Selection option and selecting a small
part of the image

3.7) Do not forget to select the Use Geocoding for Subset option
and click on the OK option. Soon, you will illustrate the Landsat
4 image in natural false-color mode.

3.8) Change the Color Composition of the displayed image.
Changing the color composition of the displayed image is rather
easy and is done by using the following steps.

3.8.1) Select Image Layer Mixing from the View menu or click

the "Edit Image Layer Mixing" button ! on the View Settings
toolbar (Figure 19).
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Image Layer F |G |E
red

areen o
blue o
Equalizing Presets Shift
|Standard Dieviation [3.00) j Parameter... - e ll
v Auto update

v Mo layer weights | LCancel |

Figure 19: The "Edit Image Layer Mixing" dialog box

3.8.2) Select Standard Deviation (3.00) under Equalizing to
apply a histogram stretch. By default, the first three channels are
loaded with the first channel assigned to the red color gun of the
monitor, followed by green and then blue, respective of the next
two channels.

3.8.3) Selecting one layer grey under Presets allows a user to
view one channel at a time. It can provide an excellent chance to
review the channel data. Before proceeding to the next step,
ensure that the three-channel options listed in #3 above are set.
3.8.4) Click OK. Soon, you will illustrate the Landsat 4 image in
natural false-color mode (Figure 20).
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Figure 20: The Landsat 4 MSS image subsetted image, a small
part of Qarabag is illustrated in natural false-color mode

Sum Up:

eCognition 9.01 is a comprehensive image analysis platform for
multi-dimensional OBIA procedures. It contains all the client
and server software needed to extract information from any
satellite image, for example, the Landsat 4, in a fully-automated
or semi-automated way with the following advantages:

» eCognition software enables users to design feature
extraction or change detection solutions to transform
geospatial data into geo-information.

» You can import various geospatial data in eCognition,
fusing them into a rich stack of geo-data for the analysis.

» The eCognition technology examines image pixels, not

in isolation but context.
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>

Tips:
1)

2)

3)

The sensors on each of the Landsat satellite acquire data
in different ranges of frequencies along the

electromagnetic spectrum.

Informative Practices

eCognition 9.01 was designed to improve, accelerate and
automate the interpretation of various geospatial data.
Inside this version of eCognition, you can build analysis
logic structures into a series of steps to create a
computer-based representation of an expert's geospatial
interpretation process, a so-called "ruleset."”

Landsat's space-based land imaging is essential because
it provides repetitive and synoptic observations of the
Earth otherwise unavailable to researchers and managers
who work across wide geographical areas and

applications.

Workouts:

1)

2)

3)

Try to access the free trial of eCognition available via
the (http://www.ecognition.com website.

When installing the eCognition software, open the
eCognition Developer version 9.01 in a ruleset mode. Go
to file> Load Image File in the main menu.

Download the Landsat images for 1996 and 2016 and
compare them with the Landsat data (1976) you worked
on in this tutorial. Try to interpret the existing changes,

particularly on vegetation cover.
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Quizzes:

1) What are the differences between eCognition Trial and

full-version modes?

2) How does the "software" work?

3) Are you familiar with earlier Landsat 4 applications?
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Tutorial 2
Picking Up The Landsat Imagery With eCognition

Landsat a right gate to pick up the satellite imagery

Opening Statement:

This tutorial will explore picking up the most valuable remote
sensing sources available in the eCognition setting. To access
stored Landsat resources from previous years and learn how to
use one of the most popular data sources, the Global
Visualization Viewer (Glovis). Doing an applicable practice,
you will try to access the Landsat-5 imagery of the Shirvan
National Park in the Republic of Azerbaijan and prepare them
for use in an eCognition setting. The Landsat Collection 1
Level-1 has the highest available data quality and, it is important
for change detection applications during the wet and dry months
of the year.

Instructive Memo:

v’ Level: Beginner,
v Time: This tutorial should not take you more than 1 hour.
v Software: eCognition Developer, Version 9.01,
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v/ Data: Landsat-5 Imagery: LT05_ 166033 19860413, and
LTO5_167032_19860826,
v" Subject Scene: The Shirvan National Park, Azerbaijan.

Tutor Objectives:

By the end of this unit, you should be:
+ Navigate the Glovis interface and successfully download
Landsat-5 imagery.
+ Explore some of the additional information on the Landsat-5
data products.
+ Learn how to prepare Landsat-5 Imagery in the eCognition
setting.
+ Explore the landcover changes in the wet and dry months based
on the Landsat images.

Background Concepts:

Landsat satellites provide the longest-running temporal
observation of the Earth's surface. Since active satellite datasets
are constantly expanding, most data sources let you filter the
available imagery by your desired attributes to help you find the
appropriate imagery for your application. For example, you may
only be interested in a cloud-free Landsat 5 image from the wet
and dry months of 1986—most data sources allow you to detect
changes inside and around a protected area with unique
vegetation for rare animals.

Several websites and repositories on the internet allow you to
download remote sensing data products free of charge. Many
sites include datasets from multiple satellites and sensors in one
location. Glovis stands for the Global Visualization Viewer.
Since 2001, it has been a tool for accessing remote sensing data.
During this tutorial, you can take your data from Glovis, which

includes data from Landsat, Sentinel, and many other missions.
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Mastering the Skills:

As you continue to work with satellite data and become more
accustomed to the sources available to you, you will notice
subtle differences between them. These small differences often
make one data source more advantageous for your particular

application over the other.
Step 1: Downloading Landsat-5 Imagery

The United States Geological Service (USGS) Glovis site is
perhaps the most comprehensive data portal. The Glovis is used
to query, search, and order remotely sensed datasets, many
offered globally. Alongside Landsat images, data is available,
ASTER, and Sentinel-2, among others. The Glovis ordering
page allows you to enter Landsat scene lists to see which are
currently available for download, which ones need to be
processed, and the unavailable ones.

1.1)  Register for USGS (https://glovis.usgs.gov) to download
data files from certain USGS sites; you need to register for a
free account.

1.2)  After registering, login with your username and
password. Then "LANCH GLOVIS IN FULL-SCREEN
MODE".

1.3) To view data from Landsat 5, choose ¢’Choose Your
Data Set(s)> Landsat 5 Level-1 from Menu.

1.4)  Enter Path/Row numbers. For example, path 166 and
row 33 are for the western coast of the Caspian Sea (Figure 1).
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[¢

Home  Take Tour

Intertace Controls

ZUSGS

loVis

Choose Your Data Set(s)

(D Landsat 7 ETMe C1 Levet 1 ©
(D Landsat8 OLITIRS C1 Levet1 0

@ owviewso
Metadata Filter

Date Range

dd/mmiyyyy 0] to |ddimmiyyyy

Clowd Coer

Moaths
Jan
Fab

Release Notos  FAQ

@o

Selected Scenes (0]

Landsat 4-5 TM C1 Level-1 u1os Li7e.

SECTION ONE

1.5)

Figure 1: USGS the main entrance box
To manage the Landsat 5 data, you may wish to filter
Date Range, Cloud Cover, and Months (Figure 2).

Interface Controls

Choose Your Data Set(s)

Data Set Filter
() IRSLISS3 @

(O Landsat 1-5 MSS C1 Level-1 ©

@ Landsat4.5 TMC1 Level-1 @ 2@
1229 scenes match your criteria.

(D Landsat7 ETM+ C1 Level-1 ©

(D) Landsat 8 OLITIRS C1 Level1 @
D orbview-3 @

Metadata Filter =
Date Range

|dd.n'mm.n'yy\,ry U| to |dd|fmm.fyyyy E|
Cloud Cover

[0 | to [10 |
Months

Jan

Feb h

APPLY CLEAR

Figure 2: Data Set and Metadata Filtering
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1.6)  You can scroll through scenes chronologically using the
Previous Scene and Next Scene buttons. Click the download

icon for the file you selected (Figure 3).

Selected Scenes (0) - M’
=

i
3
§

8
&
>
©
o

|+

S ol

30 km
20 mi
Leaflet | Map data © Open StreetMap contributors, USGS/EROS

Landsat 4-5 TM C1 Level-1.705_L1TP_166033_19360413_20170218_01_T1

Landsat 4-5 TM C1 Level-1 L . > >4
1986 198

Timeline View Current Scene Opacity Time Scale

K € 1985.0413 3 W YeaR (MONTH) DAY

Figure 3: USGS Glovis Selecting scenes dialog box

Step 2: An alternative way to access data

When through the first way, you may not be able to access the
images; therefore, you have to follow the following method:
2.1) Right-click on the mage that you have selected. Then,
first, select the "Select Scene" option. It is another alternative

way by clicking on the interactive map (Figure 4).
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Go To Scene

Download Scene
Select Scene
View Browse
View Metadata

Share Scene

Landsat 4-5 TM C1 Level-1.705_L1TP_166033_19860413_20170218_01_T1

Figure 4: The interactive map for Landsat image options
2.2)  Click on the View Metadata option to have information

about the image you will download (Figure 5).

Metadata for LTO5_L1TP_166033_19860413_20170218_01_T1 x

Landsat Product Identifier LT05_L1TP_166033_19860413_20170218_01_T1
Landsat Scene Identifier LT51660331986103XXX03

Acquisition Date 1986/04/13
Satellite 5
Collection Category T1
Collection Number 1

Sensor Mode

WRS Path 166

WRS Row 033

Date L-1 Generated 2017/02118

Start Time 1986:103:06:44:55.6295600
Stop Time 1986:103:06:45:22 2688100
Station Identifier KX

Day/Night Indicator DAY

Land Cloud Cover 21.00

Scene Cloud Cover 9.00

Ground Control Points 36

Model -

Figure 5: Metadata for a selected Landsat 5
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2.3)  Then, click on the "Share Scene" option until the Share

Scene appears (Figure 6).

Share Scene

LT05_L1TP_166033_19860413_20170218_01_T1

ER o

Scene Summary Metadata XML Reduced Resolution Browse

Figure 6: Share Scene dialog box
2.4)  Click on the Scene Summary option until the ORDER
SCENE message appears (Figure 7).

Download Options

DOWNLOAD LandsatLook Natural Color Image (3.15 MB)

DOWNLOAD LandsatLook Thermal Image (1.96 MB})

DOWNLOAD LandsatLook Quality Image (862.16 KB)

DOWNLOAD LandsatLook Images with Geographic Reference (5.96 MB)

DOWNLOAD Level-1 GeoTIFF Data Product (97.09 MB)

Figure 7: Scene Summary for Landsat-5 data
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2.5) Another option is to click on the ORDER SCENE option.

2.6)  You should convert your input to a scene list (List ID
‘order-process-ee-1638493800"). This list will be available for
seven days. Please note that some scenes may not have

download or order options available (Figure 8).

Start Bulk Order Start On-Demand Order

Figure 8: More ordering options

View Scene List

2.7) You need to select the View Scene List for our
interesting data set. You will access the following window, and

then you may request the Landsat image (Figure 9).

EarthExplorer

Scene List - order-process-ee-1638493800
o
Landsat 4-5 TM C1 Level-1
Scene ID Download Metadata Remove Scene
= =
LT0S_L1TP_166033 19860413 20170218 01 T1 * i= []
Scene ID Download Metadata Remove Scene

Figure 9: Landsat image and download order options

2.8)  Select the Download option to have your image selected.
Click on the Level-1 GeoTiff Data Product item. You may
prefer to download a LandsatLook Natural Color Image for
visualizing purposes. If you like to view the Landsat Image in
your ArcGIS setting, you must select the LandsatLook Images

with Geographic Reference option (Figure 10).
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Landsat 4-5 TM C1 Level-1

Download Options

Download
Download
Download
Download

Download

LTO5_L1TP_166033_19860413_20170218 01_T1

LandsatLook Natural Color Image (3.15 MiB)

LandsatLook Thermal Image (1.96 MiB)

LandsatLook Quality Image (862.16 KiB)

LandsatLook Images with Geographic Reference (5.96 MiB)

Level-1 GeoTIFF Data Product (97.09 MiB)

Figure 10: LandsatLook Natural Color Image

2.9)

image zip file.

| EBLT05_L1TP_166033_19860413_20170218 01_T1.zip |

It takes time (normally 30-40 minutes) to download the

2.10) Uncompress the zipped files inside a preformed folder,

for our purposes, LCO5 L1TP_166033_19860413 file (Figure

11).
Mame Date Type Size
@ LTO5_L1TP 166033 19860413 20170218 01_T1_VER.jpg 18/02/2017 9:17 AM ACDSee Pro 5 JPE... 87 KB
@ LT05_L1TP_166033_19860413 20170218 01_TL.tif 2/12/2021 6:29 AM ACDSee Pro 5 TIFF.. 3,231 KB
@ LTO5_L1TP_166033_19860413 20170218 01_T1_B1.TIF 18/02/2017 9:17 AM ACDSee Pro 5 TIFF... 55,752 KB
@ LT05_L1TP 166033 19860413 20170218 01_T1_B2.TIF 18/02/2017 %17 AM ACDSee Pro 5 TIFF.. 55,752 KB
@ LTO5_L1TP_166033_19860413_20170218_01_T1_B3.TIF 18/02/2017 9:17 AM ACDSee Pro 5 TIFF... 55,752 KB
@ LTO5_L1TP_166033_19860413_20170218_01_T1_B4.TIF 18/02/2017 %17 AM ACDSee Pro 5 TIFF.. 55,752 KB
@ LT05_L1TP_166033_19860413 20170218 01_T1_B5.TIF 18/02/2017 2:17 AM ACDSee Pro 5 TIFF... 55,752 KB
@ LTO5_L1TP_166033_19860413_20170218_01_T1_B&.TIF 18/02/2017 %17 AM ACDSee Pro 5 TIFF.. 55,752 KB
@ LTO5_L1TP_166033_19860413_20170218 01_T1_B7.TIF 18/02/2017 2:17 AM ACDSee Pro 5 TIFF... 55,752 KB
@ LTO5_L1TP_166033_19860413_20170218 01_T1_BQA.TIF  18/02/2017 217 AM ACDSee Pro 5 TIFF.. 111,447 KB
@ LTO5_L1TP_166033 19860413 20170218 01_T1_QB.tif 2/12/2021 6:29 AM ACDSee Pro 5 TIFF... 863 KB
@ LTO5_L1TP_166033_19860413_20170218_01_T1_TIR.tif 2/12/2021 6:29 AM ACDSee Pro 5 TIFF... 2,012 KB
g LTO5_L1TP_166033_19860413_20170218_01_Tl.zip 2/12/2021 3:59 PM WinRAR ZIP archive 3,649 KB

Figure 11: Uncompressed Landsat-5 bands and associated attribute

files
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2.11) Now, vyou have all bands of the Landsat
LTO5 L1TP 166033 for the Shirvan National Park captured on
13th April 1986. Remember to take satellite imagery the next
months, 1986-05-06 and 1986-08-26, to compare changes in

landcover at your favorite location.
Step 3) Landsat 5 Bands Characters

3.1) When you unzip the Landsat 5 bands, you must understand
their most characters. Landsat 5 carried the Thematic Mapper
(TM) sensor and created images consisting of six spectral bands
with a spatial resolution of 30 meters for Bands 1-5 and 7 one
thermal band (Band 6).

3.2) The approximate scene size is 170 km north-south and 183
km east-west (106 mi by 114 mi). TM could not resolve
individual houses or trees, but it could record houses constructed
or cleared forests. Here are the Landsat satellite band

designations (Table 1).
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Table 1: Landsat-5 TM bands

SECTION ONE

Band Band name Wavelength | Resolution Band Applications
number (nm) (m)
Bathymetric mapping,

1 Visible Blue | 0.45 - 0.52 30 dlstmgu'lshmg soil from'vegetatlon,
and deciduous from coniferous
vegetation

2 Visible 0.52 - 0.60 30 !Emphasmes peak vegetation, WhICh

Green is useful for assessing plant vigor

3 Visible Red 0.63-0.69 30 Discriminates vegetation slopes

4 NIR 0.76 - 0.90 30 Emph§5|zes biomass content and
shorelines
Discriminates moisture content of

5 SWIR 1 1.55-1.75 30 soil and vegetation; penetrates thin
clouds

6 |Thermal |1040-1250| 120 | Thermal mappings and estimated
soil moisture

7 SWIR 2 208 -235 30 Hydrc_)therma}lly al_tered rocks _
associated with mineral deposits

3.3) Landsat-5 bands can discriminate vegetation types, cultural

features, biomass, vigor, etc. In turn, Band 6 measures Earth’s

thermal energy, particularly useful for tracking how land and

water surfaces are changed. Later, we will

information on Landsat data and their uses.
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Step 4: Landsat Imagery inside eCognition

eCognition provides a selection of tools and user interface
elements typically used for image processing and analysis
within the applied science domain. Here, we will offer a brief on
how to get the Landsat bands inside eCognition.

4.1) To set up Landsat-5 Imagery inside the eCognition
setting — you need to execute the software first.

4.2) Click the icon, Go to All Programs and click the icon

- %= 15 hoot the eCognition Developer.

4.3) You will see the Trimble eCognition startup; select the
Quick Map Mode or Rule Set Mode by clicking its icon
(presented in the previous tutoring). Selecting Rule Set Mode
will take you to the standard Developer environment. For simple
analysis tasks, you may wish to try Quick Map Mode.

4.4) Click any portal item to stop automatic opening. The most
recently used portal will start if you do not click a portal within
three seconds. To start a different portal, close the client and
start again.

4.5) Click on the OK option to display the default eCognition
9.01. To collect the Landsat-5 bands inside eCognition, click
File on the menu bar and select the Load Image File option
(Figure 12).
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[ o Mew Volume... || | OBlABooks...|[ . Satelite .. |[ ). 5172] Z&)E]

§1-T2 @ LTO5_L1TP_166033_19860... = Name Size
. LTO5_L1TP_166033_198604 @ LTO5_L1TP 166033 19860413 20170218 01 _T1.tif 3,230.00
E LTO5_L1TP_166033_19860413_20170218_01_T1.zip 3,648.00
@ LTO5_L1TP_166033_19860413_20170218_01_T1_B1.TIF 55,751.00
@ LTO5_L1TP_166033_19860413_20170218_01_T1_B2.TIF 55,751.00
LT05_L1TP_166033 19860413_20170218_01 T1_B3.TIF 55,751.00
B 1 T05_L1TP_166033_19860413_20170218_01_T1_B4.TIF 55,751.00
LT05_L1TP_166033 19860413 20170218 01 T1 BS.TIF 55,751.00
@ LTO5_L1TP 166033 19860413 20170218 01 T1 B6.TIF 55,751.00
@ LTO5_L1TP 166033 19860413 20170218 01 T1 B7.TIF 55,751.00
@ LTO5_L1TP 166033 19860413 20170218 01 T1 BQATIF 111,446.00
@ LTO5_L1TP_166033_19860413_20170218_01_T1_QB.tif 862.00
@ LTO5_L1TP_166033_19860413_20170218_01_T1_TIR.tif 2,011.00
@ LTO5_L1TP_166033_19860413_20170218_01_T1_VER.jpg 86.00

Preview is not available
Go to folder File Name Filter File Type

- [AJI Files V]
E:\OBIA-Books Final Files\Satelite Images\s 1-T2\LT05_LITP_166033_19860413 20170218 01 T1\LT05_L1TP_166033_19860...

Figure 12: The "Load Image File" dialog box, with recursive file
display selected

4.6) Click on the OK option to create an image. From the File
menu, select the Save Project option to save your project. To
Create New Project, Choose File > New Project on the main
menu bar.

4.7) Using the "Modify a Project™ function, you can add/remove
more images or thematic layers or rename the project. Modify a
selected project by exchanging or renaming image layers or
other operations. Choose File > Modify Open Project on the
main menu bar to modify a project. The Modify Project dialog
box opens (Figure 13).
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Modify Project . |

Project Imagelayers Thematic Layers Metadata Maps

Project Name 51-TZ Landsath

Map main - Subset
Selection

Coordinate System WES 84/ UTM zone 38N Transverse_Mercator ‘W Clear Subset
Resolution (Meters) 30

Resaluti |
Pixel Size 30 esolufion (m/px)
Project Size 9BEXERT pixels 30
Geocoding (Lower Leff) (337635 f 4383675) Use geocoding

Geocoding (Upper Right) (366645 f 4400745) Pixel unity
el size (unit]

auto

Ll

Meters

»

i

Image La.. File Location Insert

E:AD oks 24 =S
B2-Green  E:\OBl&-Books Final Filesh Satellite Iimages\S1-T24LTO5_L1TF
Bi-Red E:\OBIA-Books Final FilesiSatellite Images\S1-T24LTO5_L1TF = Edit

B4-NIR E:\OBlA-Books Final Filesh Satellite Images\S1-T2YLTO5_LITF NoD
BA-5wWIR1  EAOBlA-Books Final FileshSatellite \mages\EFTZ\LTEIE?UTF_ abaley
BE-Thermal E:AOBl&-Books Final FileshSatellite ImagesiS1-T24LTO5_L1TF

B7-5WIR2Z  E:AOBIA-Books Final Files\Satellite Images\S1-T24LTOS_L1TF ~
< | [} | 3

Enforce fiting

Thematic Layer Alias F. A W H Insert
Remove

Edit

Metadata Name F. D ||~ Insert
Remove

Edit

L

Preview

[ o ][ concel

Figure 13: The Modify Project dialog box

4.8) Double-click on the "Image Layer Alias" item and rename
all the layer's names as Layer 1 (B1-Blue), Layer 2 (B2-Green),
Layer 3 (B3-Red), Layer 4 (B4-Near IR), Layer 5 (SWIR1),
Layer 6 (B6-Thermal). And Layer 7 (B7-SWIR2).

4.9) Normally, image files are large and difficult to process. So,
we should be working with a smaller area to manage easily,
which will take less memory and time.

4.10) To open the Subset Selection dialog box (after importing
image layers), press the Subset Selection button. Click on the
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image and drag to select a subset area. For our interest, outline
the Shirvan National Park in the image viewer. Alternatively,
you may enter the subset coordinates. You can modify the
coordinates by typing. Then you need to confirm with OK to
return to the main dialog box. You can clear the subset selection

by Clicking Clear Subset in the main dialog box. (Figure 14).

Subseronon A

Subset
Minimum X 337895 Maximum X 366645

MinimumY 4383675 Maximum Y 2400745

Resolution Scene size Active image layer

30 965 569 157_3\,«/1;{2 v|

7| Use geocoding for subset
Store subsetin own file(s) ‘ OK ‘ | Cancel ‘

Figure 14: the Subset Selection dialog box

4.11) When you are happy with the new image set, click on the
OK option. Then, click on the OK option in the Modify Project
window again. Then, modify the band combinations using the

"Edit Image Layer Mixing" dialog box (Figure 15).
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Image Layer R |G |B
B1-Blue 1
B2-Green 3
B3-Red 11
B4-NIR 3
B5-SWIR1 101
B6-Themal 3
B7-SWIR2 1
Equalizing Layer Mixing Shift
‘Linear {1.004) v| | Parameter. | ‘ " :I ll
V| Auto update

Mo layer waights Preview [ 0]8 l ‘ Cancel ‘

Figure 15: The "Edit Image Layer Mixing" dialog box.

4.12) Now, you could expect to work on the subsetted image

with your desired adjustments (Figure 16).

5km
——

&

o,

Caspian Sea

L]

Figure 16: Landsat-5 subsetted image for the Shirvan National Park
near the Caspian Sea coastlines
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Step 5: Landsat-5 Bands Combinations

During image processing, you need better to understand the
image layers composite inside the eCognition.

5.1) Inherently, Landsat 5 images have advantages and
limitations. To get better mental perception and visual
interpretation, you need to combine the relevant image bands.
5.2) It is necessary to practice the features and combine Landsat

5 bands in the eCognition software environment Table 2).

Table 2: Different Landsat-5 band combination inside the eCognition
9.01

Band Example of Landsat-5 Applications
Combinations
3,21 Natural Color
7.5,3 False Color
(urban)
4,3,2 Color Infrared
(vegetation)
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54,1 Agriculture
7,54 Atmospheric
Penetration
4,51 Healthy
Vegetation &
Land/Water
Natural with
Atmospheric
7,4,2& Removal &
7,4,3 Shortwave
Infrared
54,3 Vegetation
Analysis

Step 6: Comparing Seasonal Landcover Changes

6.1) Once again, to compare potential landcover changes in the
Shirvan Protected Area, perform an extra Landsat 5 composite
for the dry season of 1986.

62



Mastering Object Based Image Analysis SECTION ONE

6.2) By paying attention to the details of Figure 17 visually, you
can understand the changes made. Certainly, elements of
interpretation such as color, shape, and patterns can help the
interpreter to understand the scale of changes.

Caspian Sea

April 13, 1986
Wet Season

August 26, 1986
Dry Season

Figure 17: Landcover changes during wet and dry seasons in Shirvan
National Park

6.3) At the end, you have to save the currently open project to a
project file (extension. dpr). To save a project, do the following:

e Choose File> Save Project on the main menu bar.

e Choose File> Save Project As, on the main menu bar. The
Save Project dialog box opens.

e Select a folder and enter a name for the project file (.dpr).
Click the Save button to store the File.

63



Mastering Object Based Image Analysis SECTION ONE

Sum Up:

The Landsat program is the longest-running enterprise for

acquiring satellite imagery of Earth, usually divided into scenes

for easy downloading. Landsat-5 data can assist a broad range of

specialists in managing the world's food, water, forests, and

other natural resources for a growing world population. The

Landsat images contain many layers of data collected at

different points along the visible and invisible light spectrum as

follows:

R/
L X4

X/
°

K/

*

As you may encounter, many distinct sorts of Landsat
satellite images are available to you at no cost from
different websites.

Please note that Landsat scenes are large files, as
unzipped Landsat 5 scenes are about 404, Landsat 7
scenes are about 654, and Landsat 8 nearly 972
megabytes. It is an important consideration when
downloading and manipulating them.

Landsat scenes are made of several files or layers
(bands) of data. Each band represents a section of the
electromagnetic spectrum that has been selected because
it is useful for distinguishing kinds of landcover and
landuse from one another and measuring the ways they
change over time.

Regularly, challenging satellite images and extracting
useful information inside eCognition software would be
an impressive enjoyment tutorial for educational
purposes.
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Informative Practices
Tips:
You have explored the most extensive and widely used remote sensing
data portal (USGS EarthExplorer) in the current lesson. Still, many
remote sensing data portals are available on the relevant websites, all
with various applications and focus areas.
Take some time to explore some of the following data sources:

» NASA EarthDataSearch: https://search.earthdata.nasa.gov.
Landsat satellites have the optimal ground resolution and spectral
bands to efficiently track landuse and document land change due to
climate change, urbanization, drought, wildfire, biomass changes
(carbon assessments), and a host of other natural and human-caused
changes.

Workouts:

Download the Landsat-5 imagery for your living area and carefully
manage them.

Import Landsat bands to the eCognition software and list geographic
and environmental characteristics.

Try combining different Landsat-5 bands and interpreting the
landcover characters based on visualized interpretations elements
(shape, color, and patterns).

Quizzes:

How many continents have Landsat-5 imagery available for them?
Will the cloud cover mask the satellite imagery considerably?

What are the following image's basic geographic and thematic
characters?

Allied References:

Irons, J.R., Dwyer, J.L., and Barsi, J.A. (2012). The next Landsat
satellite: the Landsat data continuity mission. Remote Sensing of
Environment, Vol. 122: pp.11-21.
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National Aeronautics and Space Administration, (2018). BOREAS
TE-18 Landsat TM Maximum Likelihood Classification Image of the
NSA Paperback, 1st ed., NASA.

U.S. Geological Survey (2015). Landsat—Earth Observation
Satellites. In Fact Sheet; U.S. Geological Survey: Reston, VA, USA.
U.S. Geological Survey, (2018). Landsat Analysis Ready Data: U.S.
Geological Survey Fact Sheet.

Woodcock, C.E.; Allen, R.; Anderson, M.; Belward, A.; Bindschadler,
R.; Cohen, W.; Gao, F.; Goward, S.N.; Helder, D.; Helmer, E. (2008).
Free Access to Landsat Imagery. Science, 320, 1011a.

Wulder, M.A.; Masek, J.G.; Cohen, W.B.; Loveland, T.R;
Woodcock, C.E. (2012). Opening the Archive: How Free Data has
Enabled the Science and Monitoring Promise of Landsat. Remote
Sens. Environ. 122, 2-10.
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Tutorial 3

Practicing the eCognition 9.01 Basic Structure

knowledge-based thinking with the eCognition

Opening Statement:

The main aim of the current tutorial is to familiarize students
with the primary structure of the eCognition Developer software
version 9.01. Accordingly, this tutor provides initial hands-on
exercises, introducing the eCognition simple workflow. Data
material focuses on Landsat-5 TM bands taken from the
Republic of Azerbaijan, Absheron Peninsula, Baku City. In a
general view, the eCognition Developer allows users to import
many types of image raster layers and create targeted projects.
The tutorial also extends the band combination of Landsat TM
bands, providing qualitative landcover information.

Instructive Memo:

Level: Beginner.

Time: This tutorial should not take you more than 1.5 hours.
Software: The eCognition Developer software, Version 9.01.
Data Sources: The Landsat-5 Tiff format files (Row: 166
Path: 32 Date: 19/07/1998) are available from the NASA
GloVIS service.

DN NI NN
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v’ Subject Scene: Baku region, Azerbyazan.
Tutor Objectives:
By the end of this unit, you should:

+ Be aware of the structure and user interface of the eCognition
Developer software and the types of projects the software you
can be used for.

+ Know how to create a new project within eCognition and the
options available for creating a project.

4+ Be familiar with the main menu items of the eCognition
Developer user interface.

+ Recognize how to change the viewing properties and
associated dialog boxes.

4+ Distinguish the geo-locational features of the Baku region.

Background Concepts:

The main purpose of the eCognition Developer is to facilitate
the development of object-oriented rule-based image processing
procedures. Therefore, rather than simply independently
recognition the individual pixels within the scene, the image is
split (segmented) into regions representing objects within the
scene. Working with objects rather than pixels has numerous
benefits over traditional pixel-based analysis; for instance, you
can represent the spatial and context relationship between
objects or the shape of an object analyzed. eCognition provides
an easy-to-use interface to represent the classification rules and
a visual scripting interface to control the segmentation and

classification.
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Mastering The Skills:

Inside the eCognition software, the object orient approach is
applied to highlight the principle independent of the specific
segmentation and classification techniques. However, the right
choice of processing methods can add much power to the
procedure. The right training and classification methods can
give the user the full advantage of the approach's potential.

Step 1: Understanding the User Interface

eCognition Developer is normally available from the Windows
start menu.

1.1)  Start > All Programs > eCognition Developer 9.01. Once
started, it will present you with an interface similar to the one

shown in Figure 1.

Microsoft Office Word 2007 [
Microsoft Office Excel 2007 >
TerrSet

C‘é% Snipping Tool

- ‘ eCognition Developer Trial 10,1

@&

| - ‘ eCognition Developer 64 I
@ ArcMap 10.5
a'.,-/“_r Paint »

- ‘ eCognition Developer Trial 10.0

* Microsoft Teams
a SMAP Desktop 3
e Skype 3
ﬁ‘ ArcCatalog 10.5

ﬁ Imagel

IEI MultiSpecWé4.exe - Shortcut

Figure 1: eCognition 9.01 Start Menu
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1.2)  You can choose one of Quick Map Mode or Rule Set
Mode, for instance.

1.3) By choosing the Rule Set Mode and clicking on the OK
button, you will face the flowing eCognition main interface with
different interface modes.

1.4)  To access other interface modes, you must toggle the
View> Appearance buttons. You may choose one of the

different interfaces series ( Figure 2).

mage Objects  Analysis  Library Classification  Process
@ View Settings ]
L Office 2003

Office 2007

Customize...
V' | Office 2010

£ Message Consaole Office 2013

Visual 5tudio 2005
Wisual Studio 2003
Visual Studio 2010

Figure 2: eCognition optional interface modes

1.5) The eCognition clients share portals with predefined user
interfaces. Practically, a portal provides a selection of tools and
user interface elements typically used for image analysis within
an industry or science domain. However, most tools and user
interface elements that are hidden by default are still available.
Later, we will inform you of their functionalities in the
following tutorials.

1.6)
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Step 2: Components of the User Interface

When you start the eCognition software, you will see with at
least five windows and associated menu-bars and many toolbars
as fallow:

2.1) Data/lmage Viewer: The image and classification data
viewer. The viewer lets you view the imagery you are
classifying, including manipulating the band order and image
stretching.

2.2) Process Tree: The Window within which you could develop
your ruleset script.

2.3) Class Hierarchy: The Window displays the classes you
develop.

2.4) Image Object Information: This Window displays selected
feature values for a selected object.

2.5) Feature View: This Window displays a list of all the
available features within eCognition Developer and allows the
current image objects to be colored (high green values and low

blue values) given their value for a special feature (Figure 3).
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eCognition

1
Data / Image Viewer

SECTION ONE

Menu-bar
Tool-bars

2 3

Process Tree

Image Object Information Feature View

Figure 3: The user interface with the components labeled

Step 3: Toolbar Icons Functions

When you work inside the eCognition software, you need to run

many functions, each with its order.

3.1) Table 1 provides a glossary of the icon available on the

various toolbars within eCognition Developer.

Table 1: Default Toolbar Buttons

Group Buttons Functions
File o This group of buttons allows you to load
Toolbar s = = image files, open and save projects.
File p This group of buttons allows you to open
Toolbar |: @ E and create new workspaces and opens the
Import Scenes dialog to select predefined
import templates.
. = These buttons, numbered from one to
“@ e B i four, allow you to switch between the four
window layouts. 1) Load and Manage
data, 2) Configure Analysis, 3) Review
Results, and 4) Develop Rule Sets. The
View Develop Rule Sets View is most
Settings commonly used to organize and modify
image analysis algorithms.
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Toolbar

el ) (23 23

This group of buttons allows you to select
image view options. You can select
between View of image layers,
classification, samples, and any features
you wish to visualize.

W

This group is concerned with displaying
outlines and borders of image objects and
views of pixels. 1) Toggle between pixel
view or object mean View; 2) Show or
hide outlines of image objects; 3) Switch
between transparent and non-transparent
outlined objects, and 4) Toggle between
show or hide polygons.

i

With show polygons active, you can
visualize the skeletons for selected objects
(if this button is not visible, go to View>
Customize > Toolbars and select Reset
All).

Ld

This button allows the comparison of a
down-sampled scene and toggles between
Image View or Project Pixel View.

[ B3 H

These toolbar buttons allow you to
visualize different layers; in grayscale or
RGB. If available, they also allow you to
switch between layers.

=B T

These toolbar buttons allow you to open
the main View Settings, the Edit Image
Layer mixing dialog, and the Edit Vector
Mixing dialog.

e

These toolbar buttons toggle between the
3D point cloud view and back to the 2D
image view. The last button is only active
in point cloud mode and opens the Point
Cloud View Settings dialog.

3.2) Table 2 describes the Zoom functions toolbars within

eCognition Developer.
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Zoom Toolbar Functions
Zoom p This toolbar region
Functions bRl e @50% offers na?ural
Toolbar selection and the

ability to drag an
image, along with
several zoom options.
View | [rain w | |Level 1 ~| 4|3 || The View Navigate
Navigate J' J | J_‘_‘ folder allows you to
Toolbar delete levels, select
maps and navigate
the object hierarchy.
Tools S—— «y | The Tools toolbar
Toolbar [ 3B V=P - cu-Bg g allow access to

advanced dialog
boxes :
The buttons on the
Tools toolbar launch
the following dialog
boxes and toolbars:
*The Manual Editing
Toolbar
*Manage
Customized Features
*Manage Variables
*Manage Parameter
Sets
«Undo
*Redo
«Save Current
Project State
*Restore  Saved
Project State

Step 4: Splitting Windows Functions

There are several ways to customize the layout in eCognition

Developer, allowing you to display different views of the same

image. For example, you may wish to compare the results of a

segmentation alongside the original image.
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4.1) Selecting Window> Split allows you to split the Window
into four — horizontally and vertically — to a size of your
choosing.

4.2) Alternatively, you can select Window> Split Horizontally
or Window > Split Vertically to split the Window into two.

4.3) Two more options give you the choice of synchronizing the
displays. Independent View allows you to change the size and
position of individual windows — such as zooming or dragging
images — without affecting other windows. Alternatively,
selecting Side-by-Side View will apply any changes made in
one Window to any other windows.

4.4) A final option, Swipe View, displays the entire image
across multiple sections while still allowing you to change the
view of an individual section.

Step 5: Magnifier Options

The Magnifier feature lets you view a magnified area of a region
of interest in a separate window. It offers a zoom factor five
times greater than the one available in the normal map view.
5.1) To open the Magnifier window, select View> Windows >
Magnifier from the main men.

5.2) Holding the cursor over any point of the map centers the
magnified View in the Magnifier window. You can release the
Magnifier window by dragging it while holding down the Ctrl
key.
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Step 6: Docking Options

By default, the four commonly used windows, Process Tree,
Class Hierarchy, Image Object Information, and Feature View,
are displayed on the right-hand side of the workspace in the
default Develop Rule Set View. The menu item Window >
Enable Docking facilitates this feature.

6.1) When you deselect this item, the windows will display
independently of each other, allowing you to position and resize
them as you wish. This feature may be useful if you are working
across multiple monitors. Another option to undock windows is
to drag a window while pressing the Ctrl key.

6.2) You can restore the window layouts to their default
positions by selecting View> Restore default.

6.3) Selecting View > Save Current View also allows you to

save any changes to the workspace view you make (Table 3).

Table 3: The most imported Toolbars and related functions

File Toolbar

Icon Description Icon Description

il Create New Project @ Open Workspace

B Open Project Save Workspace

ﬁ Save Project Predefined Import

i Create New | ------ | =-emee-

3 Workspace

View Settings Toolbar
Icon Description Icon Description
Load & Manage Transparent/Non

;}6 Data @ Transparent

‘e Configure Analysis @ Show / Hide Polygons

N Review Results ] Single Layer Grayscale
% Develop Rule-Sets . Mix Three Layers RGB
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g | View Settings ] Show Previous Image
Layer
E View Layer Show Next Image Layer
E View Classification ‘ Edit Image Layer Mixing
ﬁ View Samples ..; Show / Hide Vector Layer
Feature View Point Cloud View or
Image View
i Pixel View or Point Cloud View Settings
Object Mean View
E Show or Hide | - | semeeeeee-
Outline
Zoom Toolbar
[% Normal Cursor @ Zoom in Center
M Panning Tool 100% . | Select
: Zoom/Magpnification
Factor
yel Area Zoom Zoon Scene to Window
= Zoom Out Center | ----- | ===emememeeee-
View Navigation Toolbar
= Delete Level Next Level Down in
""" Object Hierarchy
main - | Select Active Map Next Level Up in Object
Hierarchy
. Select Level in| --—-—-- | smemmeeee-
Level-1 Obiject Hierarchy
Tools Toolbar
| Workspace . Undo Process Editing
o Image Object - Redo Process Editing
Information
;) Object Table | - | —mememeeee

Step 7: Creating the First eCognition Project

The first step when using eCognition Developer is to load your

data into the software. The following Azer-OBIA exercises will

always do this by creating an individual project. Just remember

some vital points such as; taking into account images with less

possible volumes, fewer bands, and small geographic areas for
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fast-learning purposes during the learning course. Suppose you
are later required to process very large datasets or many
individual images. In that case, a workspace provides a
convenient and efficient way to store and manage these data.
Please refer to earlier lessons for information about workspaces.
For now, to create your new project:

7.1) Either select File > New Project or select the new project
icon that will present you with the box to enter your Landsat 5
datasets (for this practice *.Tiff files) and parameters to create
your project. In this example, you are going to load the
LTO5_L1TP_166032_19980719 20161223 01_T1 B1:B7 files
(bands). The main spectral and spatial characters of the Landsat
5 bands are given in Tutorial 2.

7.2) It is worth the point that Landsat 5 recorded many
significant events. It was the first satellite to capture the nuclear
accident at Chernobyl in 1986. Landsat 5 documented
deforestation occurring in tropical regions and captured the
devastating 2004 tsunami in Southeast Asia.

7.3) Inside an appropriate folder (Baku L5-19980719), select all
tiff files (bands) and inter OK (Figure 4).
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Import Image Layers.. i X
(&) (& toca sk |[ ). AeerOBIA_ |[ |, BokuL519..| EBRE
Baku 15-19980719 Narme S *

LT05_17P_166032_19980719_20161223.01_T1_BLTIF s
[ 1705 117P 166032 19980719_20161222 01 T1_BLTIF.ovr 1

| LT05_L17P_166032_19980719_20161223 01_T1_B2.aux
i LT0S_L1TP_166032_19980719_20161223 01 T1 B2 TIF :
LT05_LLTP _166032_19980719_20161223 01 T1_B2.TIF.ovr 1
| LT05_L17P_166032_19980719_20161223 01 T1_B3.aux
LT05_L1TP 166032 19980710 20161223 01 T1 B2.TIF [
[ 1705 117P 166032 19980719 20161223 01 T1_B3 TIF.onr 1
| L705_117P 166032 19980719 20161223 01 T1_Bd.aux
LT05_L1TP 166032 19980719 20161223 01 T1 BA.TIF i
LT05_L1TP 166032 19980719 20161223 01 T1 B4 TIF.ovr 1
| LT05_117P_166032_19980719_20161223 01_T1_BS. a1
i LT0S_L17P_166032_19980719_20161223 01 T1_B5.TIF

LT05 L1 TP _166032_19980719_20161223 01 T1_B5 TIF.ovr 1
Preview s not available [ LT05_L1TP_166032_19980719_20161223 01_T1_B6.aux

i LT0S_L1TP_166032_19980719_20161223 01 T1 B6.TIF :

LT05_LLTP_166032_19980719_20161223 01 T1_B6.TIF.ovr 1

| L705_117P 166032 19980719 20161223 01 T1_B7.aux
LT05_L1TP 166032 18980719 20161223 01 T1 BT.TIF
~ 10an710 T

[ 1 TAc 117n 1860 1773 /M T1 07 TIC mem PAd
Preview p >
Ga to folder File Name Filter File Type
v RE All Fies v
C:\Azer-OBIA HandBook\Baku L5-199807 19\, T05_L 1TP_156032_19980719_20161223_01 T1_B7.TIF oK Cancel

Figure 4: The Import Image Layers dialog

7.4) When you click OK, the Create Project window appears. By
selecting 'Insert' next to the Image Layer List. Once you have
loaded your data, you need to define the layer aliases, where
bands 1-7 correspond with aliases BLUE, GREEN, RED, NIR
SWIR1, Thermal, and SWIR2, respectively. To bring up the
layer properties dialog, double click on each image band; in
turn, select the band and select the edit button.

7.5) You can also many raster files (such as DEM files) in the
list below the image layers list, which you could use during your
classification and segmentation, for example, a polygon
shapefile of building. The next step is to give your project a
name; in this case, call it 'Baku-166032_19980719" and check
the projection information for your image has been correctly

read. If this information is incorrect, you need to check the 'Pixel
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size (unit)' on the right-hand side. You also can re-sampling
your imagery to a resolution of your choice using the
'Resolution (m/pxl)" dialog box and selecting a subset using the
'Subset Selection' button, which presents a dialog similar to the
one shown in previous tutorials.

7.6) To select a subset, you can either draw a red box on the
image in the dialog or provide the pixel limits of your subset.
Before finalizing the project and selecting OK, we will subset
the image, where minimum X is set to 2022, the maximum X is
set to 4521, the minimum Y is set to 3410, and maximum Y is
set to 4851.

7.7) Now click OK to create the project, and you will move back
to the eCognition Developer interface, Figure 5.

CEEs S kagloen -

Figure 5: The eCognition Developer interface'\’/"\”/'ifﬁe\;"ﬁew project
loaded
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7.8) Once the project has been loaded, you can pan and zoom
around the data in the display region using the zoom toolbar,

shown below in Figure 6.

a2 & @®mae ~| [

Figure 6: Zoom Functions toolbar

7.9) If the zoom functions toolbar is not displayed, you can turn
it on using the View>Toolbars menu.

Step 8: Selecting bands for Display

8.1) To select the layer(s) to be displayed, you need to click on

the 'Edit Image Layer Mixing' ® dialog (Figure 7).

| Image Layer R|G (B
B1-Blue
B2Green
B3Red e}
BANIR 3]
B5-SWIR 1 [e)
B6-Themal
B7SWIR2
Equalizing Layer Mixing Shift
[Lmeav (1.004) v] [Parameler I - H H
[¥] Auta update

Figure 7: The "Edit Image Layer Mixing" dialog

8.2) Using the 'Layer Mixing' drop-down menu, you can select
the number of layers to be mixed in the display, and then by
selecting the individual layers, you may turn them on and off or

increase the weight (Figure 8).
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Figure 8: Selecting the layers for display in different modes
8.3) Also, you can adjust the equalization (or stretch) of the data
layers is displayed using the 'Equalizing’ drop-down menu. The
available options are 'Linear (1.00%)', 'Standard Deviation
(3.00)' 'Gamma Correction (0.50)", 'Histogram' and 'Manual.'

Step 9: Managing Multiple Views

9.1) eCognition Developer also allows you to split your display,
allowing multiple views of the same data. This functionality is

available from the Window menu (Figure 9).

Split
Split Harizantally
Split Yertically

v Enable Docking

Figure 9: the Window Menu
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9.2) Here, the current display can be split horizontally or
vertically, and once split, it can be 'linked' to provide views that
automatically move together.

9.3) Once you have split your screen by selecting the Window
you wish to change, you can use the same tools outlined above
to manipulate the display properties in each of the different

views (Figure 10).

III‘IIDB('!‘H- 1;¢IEEE!I‘I‘$EEIUIEII\QI‘Q! kﬁ-&[at\"’“ E‘il;.

nnnn

Figure 10: The result of window split functions
Step 10: Common Landsat 5 TM Band Combinations

The image bands of Landsat satellites cover a specific range of
the electromagnetic spectrum; each has its characteristics and
provides part of the landcover information. By combining

different bands of Landsat images, you can access more
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information. A few examples are provided in Table 5 to explain
combining image bands and related applications.

10.1) Accordingly, as with any Landsat bands, you can arrange
them in such a way as to extract unique and new information
inside the eCognition 9.01. Matching the most suitable
informative band combinations with their respective images can

be done with the Edit Vector Layer Mixing dialog box.

84



Mastering Object Based Image Analysis

SECTION ONE

Table 5: Dissimilar Landsat 5 TM band combinations indicating the

Baku, Azerbaijan

Band
Combination

(B3, B2, B1)

(B4, B3, B2)

(B7, B5, B3)

(B6, B5, B2)

Sample Image

Application

The Natural color: The
natural color composite
uses a band combination of
red (3), green (2), and blue
(2). It replicates close to
what our human eyes can
see.

Color Infrared: This band
combination is also called
the near-infrared (NIR)
composite. It uses near-
infrared (4), red (3), and
green (2). Because
chlorophyll reflects near-
infrared light, this band
composition is useful for
analyzing vegetation. In
particular, areas in red have
better vegetation health.

Short-Wave Infrared: The
short-wave infrared band
combination uses SWIR-2
(7), SWIR-1 (5), and red
3). This composite
displays  vegetation in
shades of green.

Agriculture: This band
combination uses SWIR-1
(6), near-infrared (5), and
blue (2). It’s commonly
used for crop monitoring
because of the use of short-
wave and near-infrared.
Healthy vegetation appears
dark green.
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10.2) It would be best if you opened by double-clicking in the
lower right pane of the view settings dialog, selecting View >
Vector Layer Mixing, or selecting the Show/hide vector layers
button. This dialog lets you change the order of different layers
by dragging and dropping a thematic vector layer.

10.3) In the case of Landsat-5, some of the popular band
combinations include natural color, color infrared, and various
vegetation indexes. To create Landsat 5 TM band combinations,
you need to check out the "Edit Image Layer Mixing" dialog
box to help you visualize different band combinations in

different ways. You can read the next tutorials for more details.
Sum Up:

eCognition is an intuitive end-user software used to configure
and execute image analysis applications. It supports fully
automated or semi-automated workflows and guides users
through the application they are running. eCognition 9.01
incorporates all the necessary tools for users to import, view,
and visualize more Landsat bands and create associated
imagery. You should now open the eCognition Developer,
create a project and manipulate the display to view the band-
combinations as you wish. The next tutorials will take you
through the much imagery you ought to load into your project

and some more advanced features of the eCognition software.

86



Mastering Object Based Image Analysis SECTION ONE

Informative Practices
Tips:
1) The eCognition software is powerful out-of-the-box
Landcover and changes detection mapping solution.
2) eCognition enables users at any skill level to quickly produce
high-quality, GIS-ready deliverables from imagery.
3) By eCognition, you can rapidly and easily combine Landsat's
different bands to perceive much landcover information.
Workouts:
1) List the satellite imagery which could be inter to the
eCognition setting.
2) Name the main parts and functions of the View Settings
Toolbar.
3) List the "Edit Image Layer Mixing dialog box" main
applicability.
Quizzes:
1) What is unique in eCognition?
2) What is typical Trimble eCognition use Cases?
3) What is the main aim of band combination ideas?
Allied References:

1) eCognition Reference Book (2014). Trimble eCognition
Reference Book, Munich, Germany: Trimble Germany
GmbH.

2) eCognition User Guide, (2014). Trimble eCognition
Developer User Guide, Munich, Germany: Trimble Germany
GmbH.

3) Flanders, D., Hall-Beyer, M., and Pereverzoff, J. (2003).
Preliminary evaluation of eCognition object-based software
for cut block delineation and feature extraction. Canadian
Journal of Remote Sensing, 29(4), 441— 452.
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4) Thenkabail, P.S., Vermote, E.F., Vogelmann, J., Wulder,
M.A., Wynne, R. (2008). Free access to Landsat imagery.
Science 302 (5879), 1011.

5) Trimble eCognition Suite (2015). SYSTEM
REQUIREMENTS, eCognition 9.1. Trimble Documentation.

6) U.S. Geological Survey (2016). Landsat brings understanding
to the impact of industrialization (ver. 1.1, September 2019)
U.S. Geological Survey Fact Sheet 2016-3054, p. 2.
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Tutorial 4

Illustrating Land Surfaces by Landsat Imagery

Landsats are the most accurately informative Earth-observing satellite.

Opening Statement:

This tutorial teaches you through simple steps to find, download
and view free Landsat-7 imagery to extract useful landcover
information inside the eCognition software. Geospatial students
and even professionals looking for satellite imagery prefer to use
medium-resolution satellite imagery applied for a specific
application, but they are unsure where to start. The primary
method is to combine different bands to combine a few color
images, enabling you to interpret qualitative information
visually. Meanwhile, the main aim of the tutorial is to develop a
few band ratios of water surfaces for separating the water
surfaces from other types of landcover along the Kura River,
Aran Rayon, Azerbaijan.

Instructive Memo:

v Level: Intermediate
v Time: This tutorial should not take you more than 1.5 hours.
v Software: The eCognition Developer software (Version 9.01),
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v' Data Sources: Landsat-7, Glovis site,
https://glovis.usgs.gov/app,
v" Subject Scene: Kura River, LEO7_L1TP_168032_2000-05-11.

Tutor Objectives:
By the end of this unit, you should:

+ Access to Landsat-7 bands.
+ Register and log in to the site.
+ Create image combinations.
+ Rationig Water Surfaces.

Background Concepts:

Surface water change is an important indicator of
environmental, climatic, and anthropogenic activities. Remote
sensors, such as Landsat-7, have been providing data for the last
four decades, useful for extracting landcover types such as
green-covers (forest, pasture, agriculture) and water sources.
Researchers have proposed many surface water extraction
techniques, among which different band-combination methods
are popular owing to their simplicity and cost-effectiveness.
Also, by applying the standard methods, you can visualize water
features; thus, everyone can detect changes. We will apply a few
well-known water band combinations and band ratios for
surface water extraction using Landsat-7 images based on the
current tutorial aims. A unigque geographic site represents overall
water features, such as rivers, lakes, ponds, creeks, and other

morphologic shapes such as meanders the region.
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Table 1: Landsat 7 Enhanced Thematic Mapper Plus (ETM+)

Resolution
Band Wavelength | (meters) Useful for mapping
Band 1 - Blue 0.45-0.52 Bathymetric mapping,

30 distinguishing soil from
vegetation and deciduous from
coniferous vegetation

Band 2 - Green | 0.52-0.60 Emphasizes peak vegetation,

30 which is useful for assessing

plant vigor

Band 3 - Red 0.63-0.69 30 Discriminates vegetation
slopes

Band 4 - Near 0.77-0.90 Emphasizes biomass content

30 .

Infrared and shorelines

Band 5 - Short- | 1.55-1.75 Discriminates moisture content

Wave Infrared 30 of soil and vegetation;
penetrates thin clouds

Band 6 - 10.40-12.50 Thermal mapping and

Thermal 60 (30) | estimated soil moisture

Infrared

Band 7 - Short- | 2.09-2.35 Hydrothermally altered rocks

Wave Infrared 30 associated with mineral
deposits

Band 8 - 0.52-0.90 15 meter resolution, sharper

Panchromatic 15

image definition

Landsat 7 Enhanced Thematic Mapper Plus (ETM+) images

consist of eight spectral bands with a spatial resolution of 30
meters for Bands 1 to 7 (Table 1). The resolution for Band 8

(panchromatic) is 15 meters. All bands can collect one of two

gain settings (high or low) for increased radiometric sensitivity

and dynamic range, while Band 6 collects both high and low
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gain for all scenes. The approximate scene size is 170 km north-
south by 183 km east-west.

Landsat-7 data products are provided free of charge to all data
users, including the students and researchers, under the terms
and conditions prescribed by the Glovis NASA Programme.

Mastering The Skills:

Step 1: Setting up Landsat-7 Bands
1.1) Go to https://glovis.usgs.gov/app and create a User

Account for yourself. For more details, notice previous tutorials.

1.2) Click the icon "®““*"*" {5 hoot the eCognition
Developer in the Rule Set Mode.

1.3) Set up Landsat-7 Imagery all bands inside the
eCognition setting and subset image layers. For more details,
notice the earlier tutorials.

1.4)  Create a project, for example, Kura River, adjusted for
part of the Aran Rayon, the longest River in Azerbaijan (Figure
1).
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Figure 1: The Kura River location, in the Aran Rayon
Step 2: Mixing Image Layers

2.1) Set the layer mixing and equalizing options based on the
"Edit Image Layer Mixing dialog box capabilities. It affects
the display of Landsat-7 images, with nine bands (see Table 2),
as subsetted for small parts of the Aran Rayon.
2.2) Define the color composition to visualize image layers in
the map view. In addition, you can choose from different
equalizing options. It enables you to visualize the image better
and recognize the visual structures without changing them.
2.3) Choose to hide layers, which can be very helpful when
investigating image data and results. Note that changing the
image layer mixing changes the visual display of the image but
not the underlying image data — it has no impact on the process

of image analysis.
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2.4)  Todo so, you need to open the Edit Image Layer Mixing

dialog box W icon (Figure 2).

Image Layer R[G B
B1Blue

B2Green

B3Red (s)
BaNIR )
B5SWIR1 =]
BEThemall

B6Thermal2

B7SWIR2

BBPan

Equalizing Layer Mixing Shift
[Lmear (1.00%) v] lParameter ] three layer mix - :I :I
[¥] Auto update

Figure 2: The "Edit Image Layer Mixing" dialog box, the layer mixing
and equalizing options

2.5)  You may define the color composition to visualize image
layers in the map view, based on different RGB Layer Mixing

presets (Figure 3).

F|G|B R |G |B F|G|B
(e NI e & 1
O 3
O 11

3

111

3

1

Figure 3: Layer Mixing presets (from left to right): One-Layer Gray,
Three-Layer Mix, Six-Layer Mix
2.6)  You can also choose from different equalizing options. It

enables you to visualize the image better and recognize the

visual structures without changing them. You can also choose to
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hide layers, which can be very helpful when investigating image
data and results.

2.7)  Note that changing the image layer mixing' only changes
the visual display of the image but not the underlying image data
— it has no impact on the process of image analysis.

2.8)  When creating a new project, the first three image layers
are displayed in red, green, and blue. Open the "Edit Image
Layer Mixing" dialog box to change the layer mixing. Choose
View > Image Layer Mixing from the main menu.

2.9) Define the display color of each image layer. You can
also set the weighting of the red, green, and blue channels. Your
choices can be displayed together as additive colors in the map
view. Any layer without a dot or a value in at least one column
will not display.

2.10) Choose a layer mixing preset (see Figure 4).

Image Layer FEE
B1Blue [} e} {s)
B2Green
B3Red
B4NIR
B5SWIR1
B6Themal1
B6Themal2
B7SWIR2
B8Pan
Egualizing Layer Mixing Shift
ILinear (1.004 vI I Parameter J [ '] B H
(clear)
one layer gray
[¥] Auto upclate false color (hot metal)
. false color (rainkbiow)
v 1 Cancel
Mo layer weights three layer mix
six layer mix

Figure 4: Edit Image Layer Mixing dialog box, Layer Mixing options
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2.10.1) Clear option: all assignments and weighting are removed
from the Image Layer table. One Layer Gray displays one image
layer in grayscale mode with red, green, and blue.

2.10.2) False Color (Hot Metal) is recommended for single
image layers with large intensity ranges to display in a color
range from black over red to white. Use this preset for image
data created with positron emission tomography.

2.10.3) False Color (Rainbow) is recommended for single image
layers to visualize rainbow colors. Here, the regular color range
is converted to a color range between blue for darker pixel
intensity values and red for brighter pixel intensity values
2.10.4) Three Layer Mix displays layer one in the red channel,
layer two in green, and layer three in blue

2.10.5) Six Layer Mix displays additional layers. You may
change these settings to your preferred options with the Shift
button or by clicking the respective R, G, or B cell. It can
display one layer in more than one color, and you can display
more than one layer in the same color.

2.10.6) You can assign individual weights to each layer. Clear
"the No Layer Weights checkbox™ and click a color for each
layer. Left-clicking increases the layer's color weight while
right-clicking decreases it. The Auto Update checkbox refreshes
the view with each change of the layer mixing settings. Clear
this check box to show the new settings after clicking OK. With
the Auto Update check box cleared, the Preview button becomes

active.
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2.10.7) Compare the available image equalization methods and
choose one that gives you the best visualization of the objects of
interest. Equalization settings are stored in the workspace and
applied to all projects or stored in a separate project. In the

Options dialog box, you can define a default equalization setting

(Figure 5).

Edit Image Layer Mixi
Image Layer R |G |B
B1Blue 1
B2Green 3
B3Red 11
B4NIR 3
BESWIR1 111
BEThemall 3
BEThemal2 1
B7SWIR2
B&Pan
Equalizing Leyer Mixing Shift
[Llnear [1.004) v] lParameter..] [sixlayerm\x '] =
Standard Deviation (3.000
Gamma correction (0.50) Preview [ QK. ] ’ Cancel ]
Histagram

L Manual

Figure 5: Edit Image Layer Mixing dialog box, Equalizing options

2.10.8) You may prefer to click the Parameter button to change

the equalizing parameters, if available.
Step 3: Landsat-7 Band Combinations

As you noticed, based on the Edit Image Layer Mixing dialog
box capacities, you can extract specific qualitatively information

from any Landsat-7 mage inside the eCognition setting.
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3.1) In Table 2, different band combinations highlight water

surfaces in a subsetted image, indicating the Kura Rivers and

around in Aran Rayon.

Table 2: Dissimilar band combinations indicating the Kura River and
sournding water surfaces

Band (s)

Equalizing Layer Appearance
Parameters

B6

Linear (1.00%)
No layer
weights

B5, B4, B3

Linear (1.00%)
No layer
weights

B6, BS, B4

Standard
Deviation (3)
No layer
weights
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Standard
B5, B4, B3 Deviation (3)
No layer
weights

3.2) As can be seen from the appearance of the above images,
each of the Landsat band compositions reveals water levels.
However, the combination of different bands of Landsat-7 by
the Gamma Correction method illustrates the water levels more
clearly.

3.3) To create more Landsat-7 band combinations for more
information, you can check out the Edit Image Layer Mixing
dialog box that could help you visualize the more (six) band
combinations in different ways.

3.3.1) Set the Edit Image Layer Mixing dialog box for six bands,

as you see in Figure 6 (a & b).
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Image Layer |R |G (B

BlBuue 1

B2Green 3

B3Red 11

BANIR 3

BSSWIRT |11

B6Themall |3

B6Themal2 |1

B7SWIR2

B8Pan

Equalizing Equalizing
[Standa:d Deviation (3.00) v] [ Parameter..| [Gammaoorrsﬁion (0.50) vl I Parameter..
Auto update Auto update
[7INo layer weights [7INo layerweights

Figure 6 (a & b): Setting the Landsat-7 bands for the Standard
Deviation and Gamma Correction parameters

3.3.2) Set the Equalizing mode to the Standard Deviation and
Gamma correction options separately and check out the No layer
weights options. Then, click on OK to result, as appears in
Figure 6.

3.3.3) As you notice from Figure 6 a, the water surfaces are
highlighted in dark and blue colores and the vegetation in green
colors. Non-vegetated and buildup areas are quite apparent and
marked in white to yellowish colors. If you change the
Equalizing mode to the Camma Correction, you will find much-
visualized information on the water surfaces (Figure 6 b).

3.3.4) In the Landsat-7 visible spectrum, clearer water reflects
less than turbid water. In the Near IR (B4) and visible bands,

water increasingly absorbs the light making it darker. It depends
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on water depth and wavelength, as increasing amounts of
dissolved inorganic materials in water bodies tend to shift the
peak of visible reflectance toward the red region from the green
region (clearer water) of the spectrum.

3.3.5) Applying the "Edit Image Layer Mixing" dialog box of
eCognition, based on Bl1, B3, B24, B5, B27, and B8 bands
combined with the Gamma Correction parameters is very

helpful when you intend to pick out the land from water.
Step 4: Landsat-7 Water Ratioing

A very useful image processing technique is band rationing. For
each pixel, there is the possibility to divide the digital number
(DN) value of any one band by the value of another band. You
can rescale these resulting ratio values to provide gray-tone
(even colorful) images, in which you can reach higher levels of
information, depending on the eCognition algebra computation
power.

4.1) To start, right-click inside the Process Tree, and select
Append New. When the Edit Process dialog box opens, give a
name as Water Rationing and click on the OK option as Figure
1.
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v
Edit Process.

Mame Algorithm Description

Execuie all child processes of the process,
| [[] Automatic B & B

“Water Ratining Algorithm parameters

Algarithm Parameter Value
exacute child processes

Darmain
exacute
Parameter Value

Threshold condition
Map From Parent

Loops & Cycles
[¥|Loop while something changes only

MNumber of cycles 1 -

[ Execute l [ Ok H Cancel ] l Help

J

Figuré 7: The Edit Process dialog box saved as Water

Rationing

Process Tree

4.2) Then, right-click on

| = = Water Ratioing and, from the list

appears, the insert child option. When the Edit Process dialog

box opens, from the algorithms list, choose the "layer

arithmetics" (1) and set up other options as Figure 8.

i ' . L o
Narme: Algorithm Description

‘ @ Automatic D

syer aiitimetics (val “(B1Blie\BESWIRT)". layer B-R B148500:

Algorithm peremeters

Algortim

Farancter Vahe
(1) v | e aoleapee
Dormsin BB BESWIAT {2)
pivel level BREVES  (3)
Yes
— e Ouprt ragen rene ‘
M P — Output Izyertype 062 flot @)
Thresheid condion -
Loops & Oycles
FlLoopwhile someting changes only
Mumberofcycles 1
(5)
| Beore | Ok Gancel Help

Figure 8: The Edit Process window; inserting a water ratiéing based
on the "layer arithmetics functionality in the eCognition software
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4.3) First, set a ratio equation, for example,
"(B1Blue/B5SWIR1)" in the Output Value option (2). For the
Output Layer, type a name, for example, "B-R B1/B5" (3).
Then, the Output Layer Typeset "32Bit float" option (4). Finally,
click on the Execute key (5) to run the rationing algorithm.

4.4) When the ration equation finishes, from the menu bar, click

Now you can set to the output layer mode. Once again, repeat

on the Edit Image Layer Mixing icon ™ to open its dialog box.
the above-mention procedure for another band rationing, for
example, "(B3Red/B4NIR)" to extract another water component.
4.5) When you insert different water rationing algorithms inside

the Process Tree, it looks like Figure 9.

- = Water Ratioing
@) 18751 layer arithmetics (val "(B1BIuc\BSSWIRL)", layer B-R B1\BS[float])
@) 05445 layer arithmetics (val "(B3Red\BANIR)", layer B-R B3\B4[float])

Main

‘

Figure 9: The Process Tree, two water ratios algorithms
4.6) The results of two different water ratios are illustrated in
Figure 10 (a & b).
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"(B1Blue/B5SWIR1)"

Equalizing: Standard Deviation (3)

No Layer Weights

E Equ@jzinﬁfsmndard Qeﬁa

‘ o Layer Weights
7

Figure 10: Examples of band rationing to extract other water
components around the Kura River
4.7) Hence, the NIR band is better than SWIR1 and SWIR2 for

water extraction. Another band's spectral image of Landsat-7

reveals large contrast between water and non-water bodies.
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4.8) inside the eCognition, there are more algebra algorithms to
combine and permutate the Landsat 7 bands (for example, 1-5,7) in
more than 20 RGB combinations. You may observe that contrast
increased with bands in different spectral regions and using the bands
5,7,3 as the numerator for Landsat 7 and bands (6,7,4). In addition,
you could apply thresholding methods to the resulting ratio files to get

much more accurate information on the water surfaces.
Sum Up:

Earth's surface has undergone various landcover/landuse
changes in recent years. Detecting these changes or specific
classes such as farmland, forest, urban, and water has been
important in various studies. However, these changes are slow
and take a long time, and thus, they are unnoticed unless they
occur to large extents. Long historical data, such as Landsat-7,
provides concrete evidence to the scientific community to
detect, understand, and prevent these changes. In the first step,
Surface water is a very vital resource in everyday life; some of
its uses are for drinking, irrigation, aquaculture, and
thermoelectric cooling. Surface water is also a good indicator of
landcover changes in environments affected by climatic and

anthropogenic activities.

105



Mastering Object Based Image Analysis SECTION ONE

Tips:
1)

2)

3)

Informative Practises

At an altitude of 705 km, a full surface scan by Landsat 7
takes 232 turns or 16 days. According to local solar time, the
terrain survey takes place at approximately 10 am (£ 15
minutes).

You can fuse (combine) Landsat-7 bands, particularly
Panchormatic B8, with other sensor data to enhance your
reachers approaches.

You could process the Landsat-7 images to preserve land
monitoring studies, monitoring of vegetation, soil, and water
cover, as well as observation of inland waterways and coastal

areas.

Workouts:

1)
2)

3)

Clarify the difference between TM and ETM+ sensors.
Download a set of Landsat-7 imagery for a region where you
live.

Moisture Stress Index (MSI (Landsat 4 — 7) = B5 / B4) is
applied for canopy stress analysis, productivity prediction,
and biophysical modeling. Apply this index for your selected
Landsat imagery.

Quizzes:

1)

2)

3)

What sorts of band combinations are suitable for
demonstrating fired lands?

Which bands of Landsat-7 have the highest spatial
resolutions?

How many Landsat satellites are there in space?

Allied References:
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2)

3)

4)

5)
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Tutorial 5

Landcover Spectral Indexing inside eCognition
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indices key-signs in the landcover identification
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Opening Statement:

In the current tutorial, you will learn to generate spectral
indicators captured by Landsat-8 imagery applying the
eCognition software computational methods that offer
qualitative information about the ground surfaces. You will
cover creating spectral indices by highlighting vegetation and
water features in the SariSu Lake region, Aran Rayon, in
Azerbaijan to emphasize the "Image Object Information™ and

"Feature View windows " roles as key entries to the OBIA

procedures.
Instructive Memo:

v Level: Begenner and Intermedate

v Time: This tutorial should not take you more than 1.5 hours.
v Software: The eCognition Developer software (Version 9.01),
v Data Sources: Landsat-8 Imagery, https://glovis.usgs.gov/app,
v Subject Scene: Sari-Su Lake, Kura River, Azerbaijan.

Tutor Objectives:

By the end of this unit, you should be able to:
108



Mastering Object Based Image Analysis SECTION ONE

+ Understand Spectral Indices creation.

+ Prepare the Landsat-8 imagery.

+ Create spectral indices.

+ Manage Customized Features inside the eCognition.

Background Concepts:

Inside the eCognition software, it is possible to form many
spectral indices by transforming spectral data using ratios
between bands to reduce the data into meaningful information.
Landcover features could be extracted using spectral indices
ranging from vegetation, water, burned areas, snow, and among
many others. These indices enhance data interpretation and are
used in many scientific applications such as monitoring
plant/crop health, delineating water bodies, calculating burn
extents, spatial modeling, and even climate change detection
procedures.

While numerous spectral indices are available that emphasize
some different landscape features, perhaps the most common
spectral index is the normalized vegetation difference index
(NDVI). You can use this index to detect vegetation density and
health. NDVI could be derived from Equation NDVI + (NIR-
Red) / (NIR + Red). Where NIR is the near-infrared band and
Red is the red band. Resultant values scale from -1 to 1, where
positive values typically represent vegetation and (with denser
vegetation closer to 1), and negative values represent no

vegetation (bare soil, snow, water, etc.), as shown in Figure 1.
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Spectral Indices +1

Barren-Land Pasture Agriculture Forest

Landuse Examples

Figure 1: Representation of NDVI values scaled from -1 to +1 for
different landcover types

The Subject Scene is part of the Aran Rayon, where the Sari-Su,
the largest lake of Azerbaijan located in the Kur-Araz Lowland.
This lake stretches along the Kura River from Imishli Rayon
southeast to Sabirabad Rayon. It is one of the four lakes in the
area mainly made up of wetlands and swamps, surrounded by

rural residents and agricultural lands (Figure 2).

A rayonu =
= Zardab rayonu b S \
~ Zardab, /I~

e ) e {
Ut | s«:m%a/ 5 253

@

Af;mhan\- ) i / Sabirabad
rayoRy \ Ag,Gol Lake ‘,}[ ]

/ A

/ — /," 1

\ 4 == A5
/ » ;
>0/ //,A@r oY
B:yy‘zidu" \ imisli e

( Saatli rayonu

Figure 2: The Subject Scene, where the Sarisu and Kura River are
located
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Mastering the Skills:

There are several methods in creating spectral indexes, some of
which are presented in this tutorial. Before producing these
indicators, you should note that you need to provide the required

conditions for the indexing procedure inside eCognition.
Step 1: Landsat-8 Data Preparation

Landsat-8, a collaboration between NASA and the U.S.
Geological Survey, provides moderate-resolution measurements
of the Earth's terrestrial and polar regions in the visible, near-
infrared, short wave infrared, and two thermal bands (Table 1).
Every day, staff receive and process approximately 450 new
Landsat 8 scenes. These scenes are available for download at no
cost within 24 hours of acquisition.

Table 1: Landsat 8 Operational Land Imager (OLI) and Thermal
Infrared Sensor (TIRS)

Wavelength Resolution
Band Numbers | Band Characters | (micrometers) | (meters)
1 Coastal aerosol 0.43-0.45 30
2 Blue 0.45-0.51 30
3 Green 0.53-0.59 30
4 Red 0.64-0.67 30
> Near Infrared (NIR) 0.85-0.88 30
6 SWIR 1 1.57-1.65 30
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Wavelength Resolution
Band Numbers | Band Characters | (micrometers) | (meters)
7 SWIR 2 2.11-2.29 30
8 Panchromatic 0.50-0.68 15
9 Cirrus 1.36-1.38 30
10 Thermal  Infrared 10.6-11.19 100
(TIRS) 1 -4
3Ll Thermal  Infrared 11.50-12.51 100
(TIRS) 2 ou-Le.

1.1) As you learned in the previous steps, download Landsat-8
images from the relevant site (Glovis) and manage them to TIF
format.

1.2) Import Landsat-8 bands into the eCognition 9.01 setting.
Enter only the required bands (2-8) into the software
environment to create water and vegetation indexes.

1.3) Inside the eCognition software, create a required project
and save data in a specific path and folder. You may need to

review the previous tutorials for more details.
Step 2: Basic Spectral Indexes

2.1)  There are many spectral indices that you may like to
analyze various aspects of vegetation, water resources, snow,

soil, fire, among others, inside the eCognition setting.
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Table 2: The main spectral indices adjusted for Landsat-8 bands

Index Formula Correspond Used
Normalized NDVI = (B5-B4)/ NDVI is highly associated with
Difference (B5 + B4) vegetation content. High NDVI values

Vegetation Index

correspond to areas that reflect more in
the near-infrared spectrum.

Normalized
Difference Water
Index

NDWI = (B3 — B5) /
(B3 + B5)

This index is used for water bodies
analysis and can enhance water
information efficiently in most cases. It
is sensitive to the buildup of land and
results in over-estimated water bodies.

Green Normalized
Difference
Vegetation Index

GNDVI = (B5-B3)/
(B5 + B3)

It is a modified version of NDVI to be
more sensitive to the variation of
chlorophyll content in the crop.

Enhanced Vegetation
Index

EVI=2.5*((B5-B4)
/(B5+6*B4-75%*
B2 + 1))

EVI corrects for some atmospheric
conditions and canopy background noise
and is more sensitive in areas with dense
vegetation.

Advanced Vegetation
Index

AVI = [B5* (1 -
B4)*(B5 — B4)]*®

It is used in vegetation studies to monitor
crop and forest variations over time.

Soil Adjusted
Vegetation Index

SAVI= ((B5 — B4) /
(B5+ B4 + 0.5)) * (1.5)

SAVI is used to correct NDVI for the
influence of soil brightness in areas
where vegetative cover is low.

Normalized
Difference Moisture
Index

NDMI = (B5 — B6) /
(B5 + B6)

NDMI is used to determine vegetation
water content.

Green Coverage
Index

GCI = (B5/B3) -1

The Green Chlorophyll Index is used to
estimate leaf chlorophyll content in
various species of plants.

Normalized Burned
Ratio Index

NBRI = (B5 - B7) /
(B5 + B7)

This index highlights forest fires that are
severe artificial or natural phenomena
that destroy natural recourses, livestock
and unbalance local environments.

Bare Soil Index

BSI = (B6 + B4) — (B5
+B2)/(B6 + B4) +
(B5 + B2)

BSI combines blue, red, near-infrared,
and short wave infrared spectral bands,
to capture soil variations.

Normalized
Difference Snow
Index

NDSI = (B3-B6)/
(B3 + B6)

NDSI shows snow cover over land areas.
Since snow absorbs most of the incident
radiation in the SWIR while clouds do
not, NDSI can distinguish snow from
clouds.

Normalized
Difference Glacier
Index

NDGI = (B3 -B4) /
(B3 + B4)

This index helps detect and monitor
glaciers using the green and red spectral
bands.
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2.2) In Table 2 summarised a compilation the formulas and
conceptualizes of the main spectral indices adjusted for Landsat-
8.

Step 3: Setting the eCognition Outline

3.1) Start the eCognition software and create the required initial
image based on the different band combinations.

3.2) Now, you need to set the main functional windows as View
Settings, Process Tree, Image Object Information, and Feature
View, as illustrated in Figure 3.

J§ Fie View ImageObjeds Anasis Lbray Cassfiabion Process Toos Eot Vindow Help
BEE 08 Fighs3 A 000 1000
. TR AN s
¢ L#7
tings No dasses il
WiewTpe Fasermay  |[odong  Lnexr(lOB .
e Lz B 1
#Raser Lzyer inage Dz B7 3
e e & 1
e P B 1
& 3 P
3 1 Groaps | hertasce
B 1 ——
i B3 Lijtd
- B
NVecrlaer Qe Fi
- v Vecorfeatues
- » Objectfeatues
- » CassReatedfea)
- Linked Object featd
3 v Sconsfedes
i v Prooessfededd
y - » Regonfeatues
t1 i m’w
i o Mot
) ([l & Featue Varebes
CERTY R e Lk N k! Y

Figure 3: the eCognition main dialog boxes setting Landsat-8 band
combinations

Step 4: Indices by Arithmetic Algorithm

4.1) When you set the Landsat-8 imagery, the first opportunity
is to apply the Layer Arithmetic Algorithm to execute equations
that could help you create papular well-known spectral indices
of NDVI = (NIRss — Redes) / (NIRes + Redss) and NDWI =
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(Greengs —NIRss) / (Greenss + NIRss). The procedure below
also guides you through creating any spectral index applying the
arithmetic customized feature.

4.2) Inside the eCognition, right-click in the Process Tree and
select the Layer Arithmetic algorithm. Set up all parameters and
options as you notice in Figure 4.

Edit Process i ‘ ol _P 3 P X

Name Algorithm Description

| Automatic B

do Algorithm parameters

Algorithm Parameter Value

layer arithmetics = \.rrput layer wo layer>

Domain Output value “(B5-B4)/(B5+B4)" [«]

pixel level . Outputlayer NDVI
Output layer visile Yes

Poyaicter: Vale Output region none
Output layer type 328 float

Map From Parent
Threshold condttion o

Loops & Cycles
V! Loop while something changes only Output value
The value which will be written in the raster layer. Can be number or expression (Like "Layer
Numberofcycles 1 v HLayer 272)7)

| Execute H Ok H Cancel “ Help ‘

Figure 4: The Edit Process dialog box, setting up the Layer Arithmetic
algorithm parameters

4.3) Click on the Execute option and wait for a second to finish
the process. Soon you will notice the NDVI layer created.

4.4) Click on the Edit Image Layer Mixing and set it up, as you
can see in Figure 5. Then, click on the OK option to notice your
desired NDVI layer.

115



Mastering Object Based Image Analysis SECTION ONE

=
Standerd Devistion (300) +] [Perameter., | [ilse colr ainbow)

’ V] Auto update

£ @Nolayerweights Preview

Figure 5: The resulting NDVI layer, based on linear equalizing and
false-color layer mixing options

4.5) Throughout the subsetted area, because near-infrared
(which vegetation strongly reflects) and red light (which
vegetation absorbs), the vegetation index is clearly illustrated for
quantifying the amount of vegetation. Water surfaces are shown
in blue color, and areas without or little vegetation in the range
of yellow colors are quite clear.

4.6) Repeat the above-mention steps (4-2 to 4-5) this time to
create the NDW!I index. Keep in mind the needed changes
required to apply the corresponding formula.

4.7) As you notice, the NDWI index is ideal for water bodies
analysis and can enhance water information efficiently in most
cases. It is sensitive to the buildup of land and results in over-
estimated water bodies. In Figure 6, the blue false-red surfaces
are completely recognizable.
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Equallz;ng
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Figure 6: The resulting NDWI layer, based on linear equalizing and
false-color layer mixing options

4.8) You can even clearly see the vegetation expansion inside
the Sarisu Lake and river forms (meanders and oxbows)
alongside the Kura River.

4.9) When you conclude spectral indexing inside the eCognition

9.01, your Process Tree looks like Figure 7.
[processeee ]

(=~ = Spectral Indexing
@ 05975  layer arithmetics (val "(B5-B4)\(B5+B4)", layer NDVI[float])
@ 05632 layer arithmetics (val "(B3-B5)\(B3+B5)", layer NDWI[float])

Main

Figure 7: Process Tree, Spectral Indices defined
Step 5: Manage Customized Features

Customized tools are eCognition features to create and adapt to
your needs. They can be arithmetic or relational features that
depend on other existing features. All customized features are

based on the features shipped with eCognition Developer 9.0

117



Mastering Object Based Image Analysis SECTION ONE

and newly created customized features. The Manage
Customized Features dialog box allows you to add, edit, copy,
and delete customized features. It enables you to create new
arithmetic and relational features based on the existing ones.
5-1) Arithmetic Features

5.1.1) Arithmetic features are existing features, variables, and
constants combined via arithmetic operations. Arithmetic
features can be multiple but apply only to a single object.

5.1.2) To open the Manage Customized Features dialog box, do
one of the following:

5.1.2a) On the menu bar, click on Tools and select Manage
Customized Features.

5.1.2b) Or right-click on the "Image Object Information™ dialog
box and click on the Manage Customized Features option
(Figure 8).

MNarne Feature Type
[ agd || Edt || copy || Delete |

Figure 8: Manage Customized Features dialog box
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5.1.3) Click Add to create a new customized feature. The
Customized Features dialog box will open, providing you with
tools to create arithmetic and relational features (Figure 9).

5.1.4) To edit a feature, select it and click edit to open the
Customized Features dialog box. Click Copy or Delete options

to copy or delete a feature.

Edit Customized Featu =
Arithmetic
Feature name
| o E]
Do not use units Caleulation Unit: |No Linit
+ (IMean B5HMean B4])/([Mean B5s[Mean B4]|
Del = Create new Vector object attibute’ «
_ _ Bl = Customized ‘=‘
@ Deg ) Rad [Elinv i Create new ‘Anthmetic Featurs’
= Create new ‘Relational Feature’
E-P Type
Ee)EWb) - & L
= Mean
IEEEEEE| |-
| B
| .- B3
[ [ L
..[F B
) 72
[)idrala] ) fe]) [ o
Feature group
ctomtic>
T s .

Figure 9: Creating an arithmetic feature in the Customized Features
dialog box

5.1.5) To create an arithmetic customized feature, select Object
Features > Customized > Create New Arithmetic Feature. Then,
In the Feature View window, double-click on Create New
Arithmetic Feature and Insert a name (for example, NDVI-2) for

the customized feature to be created.
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5.1.6) Use the calculator to create the arithmetic expression.
You can type in new constants to select features or variables in
the feature tree on the right.

5.1.7) Choose arithmetic operations or mathematical functions.
The expression you create is displayed in the text area above the
calculator. To calculate or delete an arithmetic expression,
highlight the expression with the cursor and click either
Calculate or Del as appropriate.

5.1.8) You can switch between degrees (Deg) or radians (Rad)
measurements and invert the expression. If you want to create
the new feature, click Apply, create the feature without leaving
the dialog box, or OK to create the feature and close the dialog
box (Figure 10).

Customized Features _ c M
Arthmetic | Relational
Feature name
Do not use units Calculation Unit: | No Unit
-+ {[Mean B3HMean B5ji/([Mean B3}+[Mean B))
L B 3
@Deg  ()Rad Cinv B E
=
L7 B5
(] e o) o) ] ) ] Ko
L BT
AOES[EEI.
bl () B e
LT M i
WEoEDRE| ||
£ NDwI
] pele)fa] ) |t »
Feature group
Sp—
ok ) (o ) (o [ ]

Figure 10: An modified arithmetic feature in the Customized Features
dialog box
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5.1.9) The initial black and white maps of vegetation and water

indices are illustrated in Figure 11.

TSR IR\,
br“”*"-
A

.

NDWI Layer

Figure 11: Black and white maps of NDVI-2 and NDWI-2 spectral
indices created through an Arithmetic Customized Feature method

5.1.10) After creating NDVI and NDW!I indices, you can find
the new arithmetic feature in the Image Object Information
window or the Feature View window under Object features >
Customized options.

5-2) Relational Features

Relational features are used to compare a particular feature of
one object to those of related objects of a specific class within a
specified distance. Related objects are surrounding neighbors,
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sub-objects, super-objects, or whole image object levels.
Relational features are composed of only a single feature but
refer to related objects. We will outline this subject during the
coming tutorials when the learners become more familiar with
the nature and structure of segmented objects. In the following

tutorials, we will again discuss these topics in more detail.
Step 6: Image Object Information Window

When analyzing individual images or developing rule sets, you
will need to investigate single image objects. The Features tab of
the Image Object Information window is used to gain
information on a selected image object.

6.1) Image objects consist of spectral, shape, and hierarchical
elements. These elements are called features in eCognition
Developer 9.0. The Feature tab in the Image Object Information
window displays the values of selected attributes when an image
object is selected from within the map view. The Image Object
Information window is open by default but can also be selected
from the View menu if required.

6.2) To get information on a specific image object, click on an
image in the map view (some features are listed by default).

6.3) To add or remove features, right-click the Image Object
Information window and choose Select Features to Display. The
Select Displayed Features dialog box opens, allowing you to

select a feature of interest (Figure 12).
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Figure 12: The Select Features to the Display dialog box

6.4) The selected feature values are displayed in the map view.
To compare single image objects, click another image object in
the map view, and the displayed feature values are updated
(Figure 13).

Image Object Information =

Feature Value
Object features Customized
NDVI-2 0.4100
NDWI-2 0.3735
Brightriess 11504.08
B2 10196.25
B3 §765.10
B4 8959.65
BS 21410.85
BE 12038.05
B7 8780.65
B2 §378.04
Max. diff. 1.098
NDVI 0.4059
NDWI 0.3735
Geometry Extent
Number of pixels 20

Cl i i Clazs Er

Figure 13: The Image Object Information window
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6.5) Double-click a feature to display it in the map view; click it
in the map view a second time to deselect a selected image
object. If the processing for image object information takes too
long, or if you want to cancel the processing for any reason, you

can use the Cancel button in the status bar.
Step 7: Feature View Window

Image objects have spectral, shape, and hierarchical
characteristics and these features are used as sources of
information to define the inclusion-or-exclusion parameters used
to classify image objects.

7.1) There are two major types of features. First, the Object
features are attributes of image objects (for example, the area of
an image object). And Global features that are not connected to
an individual image object (for example, the number of image
objects of a certain class).

7.2) Available features are sorted in the feature tree, displayed in
the Feature View window (Figure 14). It is open by default but
can also be selected via Tools > Feature View or View > Feature

View.
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Figure 14: The Feature View window

Sum Up:

In the current tutorial, you have attended to process the Landsat-
8 images inside the eCognition to determine various spectral
indices, particularly vegetation and water indices. The tutorial
added a brief overview of functions to your current experiences
in OBIA learning procedures. For more details, notice the
contents of the next tutorial. Spectral indexing is also very
important for effectiveness related to the landcover/landuse

applications as:

X3

S

monitoring plant growth,

landcover and forests monitoring,

providing information on pollutions,

detecting lakes and coastal changes,
mud-volcanic eruptions,

landslides modeling, and disaster mapping
flash-floods monitoring, and watershed modeling.
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Tips:
1)

2)

3)

Informative Practises

The Normalized Difference Vegetation Index (NDVI) is a
simple numerical indicator that you can use to analyze remote
sensing measurements. NDVI is related to vegetation, where
healthy vegetation reflects very well in the near-infrared part
of the spectrum.

Index values can range from -1.0 to 1.0, but vegetation values
typically range between 0.1 and 0.7. Freestanding water
(ocean, sea, lake, river, etc.) gives a rather low reflectance in
both spectral bands and thus result in very low positive or
even slightly negative NDV1 values.

Soils that generally exhibit a near-infrared spectral reflectance
are somewhat larger than the red, thus generating rather small
positive NDVI values (say 0.1 to 0.2).

Workouts:

1)
2)

3)

Clarify the difference between GNDVI and EVI Indices.
Download a set of Landsat-8 imagery for a region where you
live.

Try to create the basic domain spectral indices in the region.

Quizzes:

1)

2)

3)

What sorts of indices are suitable for demonstrating fired
lands?

What is the basic functionality of the Image Obiject
Information window?

How could you use the Feature View window for the

thresholding aims?
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Tutorial 6
Quick Look to the eCognition's OBIA Capabilities

© Trimbje

- * €Cognition

Any eCognition remains a powerful environment for OBIA.

Opening Statement:

The current tutorial introduces the basic functionality of the
eCognition 9.01 that you will encounter and process the
Landsat-8 imagery. To reach the main skills inside the Software,
step-wisely, at the first step, you will load the raster data and
create a new project. By subsetting, a small part of the Landsat-8
imagery focused in the Greater Caucasus Mountains, on the
North of Azerbaijan. The second step is to segment your image
to create objects for the Nearest Neighbor classification, one of
the basic OBIA operations inside the eCognition Software. At
least you will learn how to calculate the classification accuracy
and export the final classified layers to the GIS setting.
Instructive Memo:

v Level: Intermediate
v Time: This tutorial should not take you more than 1.5 hours.
v" Software: The eCognition Developer, Version 9.01.
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v Data Sources: Landsat-8, LCO08 167032 _2020-02-29
subsetted image.
v' Subject Scene: North Azerbaijan, part of the Caucasus
Mountains.
Tutor Objectives:

By the end of this unit, you should:
+ Be familiar with the main functionalities of eCognition 9.01
software.
Change the color composition of the displayed image.
Create image objects in a common-used multiresolution
segmentation algorithm.
Classify the Landsat 8 imagery raster layers.
Calculate the accuracy of classified maps.
Export the results to the ArcGIS setting.

Lo o S R

Background Concepts:

Trimble eCognition software exists to improve, accelerate and
automate the interpretation of geospatial data. In eCognition,
some real solutions are available for geospatial data analysts,
giving full flexibility and power to solve even the most
challenging remote sensing projects. Rather than going into too
much detail too soon, you start with this tutorial rather than the
theoretical chapters to get a feel for eCognition's user interface
and its most basic features. eCognition Developer is a powerful
development environment for object-based image analysis. It is
used in earth sciences to develop rule sets for automatic remote
sensing data analysis.

For this exercise, a small part of the Landsat-8 satellite image
from the north of Azerbaijan has been selected, with the highest
peak of "Bazarduzu" in the Greater Caucasus range at 4,466

meters above sea level. Landcover in this area mostly includes
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snow zones, forest cover, pastures, agriculture, and lands

affected by winter ice and snow patches (Figure 1).

Kypax

Figure 1: The location of the current tutorial Subject Scene
Mastering The Skills:

Since eCognition stands on a new approach to image analysis,
taking this short tutorial may sometimes make you feel as if you
have been "thrown into the deep end.” It is just what is intended.
The purpose of the tutorial is to get a first impression of how to
work with the eCognition traditional version, with a complex set

of algorithms to reach the OBIA aims.
Step 1: Setting Up the eCognition Software

1.1)  Start the eCognition 9.01 Software by clicking on

. ‘ eCognition Developer 64

to notice the Trimble eCognition start modes.
1.2)  Select the Rule Set Mode option and click on the OK
option.

1.3)  The eCognition Software's main empty set appears.
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Step 2: Creating a new project

2.1) From the "File" menu, choose "New Project” or click

Hr=n =5 i ==
in the toolbar.

2.2) Navigate to your working directory, for example, "E:\
Satellite Images\S1-T6-North Azer\
LC08 L1TP_167032_20210522. You may have your personnel
directory setting.

2.3) Select all *.Tif image files you need and click on the OK
button.

2.4) Inside the Create Project dialog box, you can edit or remote
any band or bands that you do not need or may insert another
raster layer.

2.5) For the current tutorial, you may keep the Landsat bands of
2,3,4,5,6,7, 8 and a subset of a raster ALOS-Palsar DEM file as
AP 05189 FBS F0810 RT1, with  12.5-meter  spatial
resolution. Notice Table 1 to realize the Landsat 8 bands
designations in the current tutorial.

Table 1: Landsat-8 bands designations

Band (s) Operation
Combination
2,3,and 4 These bands are used to create a true-color band

combination or normal RGB picture of the visible light.
The basic aim of these filters is to create a visual map of
the area.

4,3,and 2 These bands show agricultural farms around the image.
Dark Green in the picture indicates woods; greens are
healthy plantations.

Bands 5,4,3 You could use a combination of these bands to create a
false-colored image. To the bright red, band 4 is green,
and band 3 is blue.

Bands 6 and 7 use different parts of shortwave infrared and are helpful
in terms of monitoring rocks and soils. When analyzing
the image, the spectrum is almost fully absorbed by
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water; it easily reflects the water sources. These bands are
also employed for ecological and geological researches
due to their properties. The geological band combinations
allow specifying the areas of interest for future geological
study.

Bands 7, 6, 4 indicate the vegetation: the dark-blue or black highlights
water sources. Towns and urban areas are spread within
white to cyan to purple ranges. If the image indicates red,
this would mean the sensor has taken a picture of the
volcano, forest fire, or solar panel field mentioned above
are reflecting or radiating the whole spectrum of IR.

Band 8 A panchromatic band (black and white band) is one band
that usually contains a couple of hundred nanometers
bandwidth. The bandwidth enables it to hold a high signal
noise, making the panchromatic data available at a high
spatial resolution. This band also could be used in the
image sharping and fine segmentation processes.

2.6) When you have the Landsat-8 bands, you can select one or
several bands to create a clearer picture of the landcover due to
the specific needs of different research kinds. For example, it is
possible to use false-color Images to enhance the visual
appearance of the data. The opportunity given is to substitute the
true color of the image with the color required as the following
combinations:

2.7) To speed the processing procedure, you must first select the
bands you need, as indicated in Table 1. Also, you can subset a
small interest part of the image.

2.8) When you are happy with the image selection mode, click
on the OK option. The new image project is created with Blue,

Green, and Red bands.
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Step 3: Creating Color Composition

3.1) Select "Image Layer Mixing from the "View" menu or click

Ll in the toolbar to open the layer mixing dialog.

3.2) Select the "Linear option or Standard Deviation under
"Equalizing" to apply a histogram stretch. And choose "six-layer
mix" as "presets” and click "OK to notice the image band color
changes (Figure 2).

Standard Deviation (3.00)

(T T R P g

Figure 2: Image layer mixing as representing false-color

3.3) Choose "Edit Highlight Colors™ from the "View" menu>
Display Mode to change the highlight color setting. You may
like to select red as the selected color. Click "Active View" to
activate these highlight color settings.

3.4) From the File menu, select Save project in a working drive-
by given a name, for example, North-Azer.dpr.
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Step 4: Creating Image Objects

Now that you have created a project, you can make your first
object-oriented image analysis as the main feature of
eCognition. For this reason, the first step in eCognition is
always to extract image object primitives (segments), which will
become the building blocks for subsequent classifications. You
will now produce such image objects with multiresolution
segmentation that generates image objects at any chosen
resolution.

4.1) Right-click inside the Process Tree and click on Append
New; in the drop-down for Algorithm, select the multiresolution
segmentation and set other segmentation parameters as the
Figure 3. You may try different segmentations settings to find

the best-fit image objects.
T RN TN A .

Name Algarithm Description
. ] Apply an optimization procadure which locally minimizes the average
¥ Atomatic B heterogeneity ofimage objects for & given resolution,
| 72 [shape: 3 campet.0.7] creating 'Level1' Algorithm parameters
Algarithm Parameter Value
TR . Owmidcosinglevd Yes
4 Level Settings
Level Name Level-1
Damain 4 Segmentation Settings
pivel level I Image Layer weights 1112111100
I Thematic Layer usage
Parameter Valug S“(‘;m'”?:_e’ . ot _72
s From Parert 4 Shmpns ion of homogeneity cri e!;}n;
Threshold condiion - e
Compactnsss 07
Loops & Cycles
Loop while something changes anly
Mumber of cycles 1
[ Execute l l Ok l l Cancel l [ Help l

Figure 3: Edit Process dialog box, with an arbitrate segmentation
parameters
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4.2) From the "Segmentation" menu, choose "Multiresolution
Segmentation and Domain with the pixel level.

4.3) Weight "B5-Near Infrared.tif" 2 in the field "and keep other
bands with weights equal to 1.

4.4) Insert 72 in the field "Scale Parameter. Weight "Shape"
with 0.3 and Compactness 0.7 in the "Composition of
homogeneity criterion section.

4.5) Later, you might perform at least two more segmentation
modes with varying scale, shape, and compactness parameters.
State what parameters you used for the final segmentation and
attach them to your report. You can ask yourself which layers to
be used for creating Objects?

4.6) Rember that the basis of creating image objects is the input
data. According to the data and the Algorithm you use, objects
result in different shapes—the first thing you have to evaluate,
which layers contain the important information. For example, In
our case, we made double the weight of the NIR band for image
object creation. Also, you need to know which scale parameter
to be set. The 'Scale parameter' is an abstract term. It is the
restricting parameter to stop the objects from getting to
heterogeneity. For the 'Scale parameter,’ there is no definite rule.
You have to use trial and error to determine which 'Scale
parameter' results in the objects are useful for your further
classifications steps.

4.7) To start the segmentation process, click on the Execute

button.
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4.8) When the segmentation process is finished, there are
different ways to display the image objects (Figure 4).
; l# _I'm]

Figure 4: A part of a segmented image, displaying the image objects
4.9) By default, the image objects are transparent and

highlighted only on mouse-click. To view the image objects

colored in their mean value, click the il icon or change the
view settings for image data from "Pixel" to "Object mean."
4.10) To view the borders of the objects, there are two

possibilities in eCognition:

4.10.1) To show or hide the polygons, use the @I button. Since
polygons use memory, they should only be created if you use
features based on polygons or skeletons in the later classification
or exported vector files. You could use these icons

% EmE OEEE %
B e ide ranvoens ] a5 you may need.
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4.10.2) Use the El button to show or hide outlines without
creating polygons first. However, it is possible to view the

outlines in the color of the classification of the corresponding

object. You can use the gl button to show the outlines colored
in the classification colors after classification is performed.
4.11) In this stage, you can right-click on the created segmented

Level-1 inside the Process Tree and modify the segmentation

process =
Step 5: Obtaining information about image objects

The "Image Object Information" dialog provides detailed
information about the selected image objects and their features
and classification. Since you have not classified the image, there
is no classification information available yet.

5.1) Open the image object information dialog by clicking the
ﬂ icon if it is not yet open.

5.2) Click an arbitrary image object (Figure 5).
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B2 Blue 29884.38
B2Green 32783.83
B4-Red 3603764
B5-NIR 3444524
BE-SWIR 5776.20
B7SWIR 563914
B&-Pan

DEM

Geometry

Area

Number of pcels

Ll

Figure 5: A segmented image and an Image Object Information box

5.3) Image Object Information window gives you all the
necessary information about one object. When creating a class
hierarchy, this dialog helps you find features that separate one

class from another (Figure 6).

Available Selected
« Vedarfestures - 5 + Objectieatures
- Objectfeatures B &4 LayerValues
= Customized i B Mean
i &L B2-Blus
-7 B3-Green
T B4-Red
: L BE-NIR
Quanile | LEE BESWIR
f- * Standard deviation LT BP-BWIR
Skewness £ i T B8-Pan
Pixelhased w7 DEM
-4 To neighbors = Geometry
i Tosuper-abject -0 Extent
F ToScene L% Number of pixels
= Hue, Saturation, Intensity
B Geomelry
11 Position
-8 Texture
“ariahlas [
& Hierarchy

Thematic attributes
= Ohject Metadata

- = Point Cloud features
= ClassRelated features -

Figure 6: The Select displayed Features dialog box
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5.4) Another tool that helps you with this task is the feature
view. The featured view allows you to display one feature for all
image objects. The image objects are rendered in gray values,
corresponding to the feature value. The brighter an object is, the
higher is its feature value for the selected feature.

5.5) From the "Tools™ menu, choose "Feature View. Select the
feature "Object features > Layer values > Mean > B2-Blue.tif"
by double-clicking it. The objects will then be colored according
to their feature value for the selected feature. A low weight
value represents a high feature value; a high weight value a low
feature value. You can also visualize features out of every other
dialog where features are selected, such as the "Insert
Expression” dialog or the "Select displayed Feature” dialog
(Figure 7). In these cases, you open a pop-up menu with a right-

click and select "Update range."
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Image Object Information

BS-Near Infrared
Geometry Exdent 7T B7-SWIR2
Number of pixels 30 .l B8-Panchromatic

L7 Brightness
[T Mac_ diff

Figure 7: Image Object Information, based on Feature View
Step 6: Class Sampling Procedures

Up to now, you have extracted image objects and learned how to
call up the information contained in them. You will use this
information for classifying the previously segmented image
objects. Before introducing the current uncomplicated
classification process, you need to define the classes.

6.1) Right-click inside the Class Hierarchy box and select Insert
Class (Figure 8).
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[Class Deseripti

Name Display
Snow BE  Dawes  [H

Parent class for display Modifiers

BREER bstract [ nactive

Al |« Gontained | . inherted|

and (min)

1® Contained
" Inherited ‘

oK [ concel }

Figure 8: Class Description dialog box

6.2) Type Snow into the box for name and change the box for
selecting colors to Blue, then click OK.

6.3) Repeat these steps for Agriculture, Barren, Forest, Pasture,
Snow, Water, and Snow-Tracks (patches), a geomorphological
pattern of snow and firn accumulation that lies on the surface
longer than others seasonal snow covers. Make sure that you

label and give the appropriate colors to all classes (Figure 9).

Class Hierarchy =
= lasses

0 Agriculture

(0 Barren
@ Forest

Groups Inheritance

Figure 9: Class Hierarchy dialog box
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6.4) On the toolbar, go to Classification —> Samples —> Select

Samples (Figure 10).

Classification } Process Tools Export Window Help
EizEs TEOEEE S 00k
|
3
b1 L

& 9 H

-

Class Hierarchy
Mearest Meighbor

Ctrl=M

Sample Editor Options ]

Delete Samples of Classes.., Chrl=Alt+M
Delete All Samples

Create Samples from TTA Mask...
Create TTA Mask from Samples...

Load TTA Mask...
Save TTA Mask...

Edit Conversion Table...

Figure 10: Selecting classification samples

6.5) Go to the Class Hierarchy box, click on the Snow class, and
make sure it is highlighted. It makes you confident that your
selections go to that class.

6.6) Zoom down to an area called Snow and double click inside
the segments that overlay Snow areas or hold the shift key and
click once in the segment. It will turn the segment to the color of
the selected class. It is easier to figure out what plays with the

segmentation tools shown in the image below (Figure 11).

o e View InageObjeds Anabss Lioray Clofal ool Eort Window Help

@606 14053 (PR S EEEDNRE N kAR

Figure 11: The Segmentation tools
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6.7) Select at least 30 samples for each class and remember to
select the class in the class hierarchy before selecting the
samples for it.

Step 7: Checking Sampling Procedures

You can check your samples during and after the sampling
process using two important tools.

7.1) First, you can apply the Sample Editor window, the
principal tool for inputting samples. From the Classification,
select menu Samples and then Sample Editor option. A selected
class (for example, Snow class) shows histograms of selected
features of samples in the currently active map. You can display
the same values for other image objects (for instance, Snow-
Tracks) at a certain level or all levels in the image object

hierarchy (Figure 12).

Sample Editor *
Active class Compare class
[Sncw - ] [Snow-Tmcks V]
Brightness (NN} -
[13919 1411785 - 27458 5] StdDev.: 3139.9535¢
[RTRYF Y PP TR PR . [7264.153 - 10706.3882353] StdDev.: 862.3806(

6002 5855.4 13318.£18574.120821.124288. £27946.:21803.8.5261 Overlap : 0.00

Mean B2-Blue (NN}
[18472.7294118 - 39638.1882353] StdDev.: 477
PP N TPOR S W . [BE04.5568627 - 10764.3215686] StdDev.: 465.7
7850 12054 116219.020383.124548 (28712 132877.037041.51 206 Overlap : 0.00
Mean B3-Green (NN}
Al [18706 - 41403.4117647] StdDev.. 5286.22040Z
PRI T ORI IR f [7924.7294118 - 10620.047] StdDev.: 633.2811¢
66438 11185.£15691.120213.224735.(25285.£33778.£38300.2. 2822 Overlap : 0.00
Mean B4-Red (NN}
AL [19231.5647058 - 43436.7411765] StdDev. 565
RPN F PO VRO P S 2 [7582.8235284 - 11062.3176471] StdDev.: 8187
607D 10832.115714.120535 425255, £30160.£35002.£33824.5.4647 Overlap : 0.00 -

Figure 12: The Sample Editor window
7.2) You can use the Sample Editor window to compare the
attributes or histograms of image objects and samples of
different classes. It is helpful to get an overview of the feature
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distribution of image objects or samples of specific classes. You
can compare the features of an image object to the total
distribution of this feature over one or all image object levels.
7.3) Also, once a class has at least one sample, You can assess
the quality of a new sample in the Sample Selection Information
window. It can help you decide if an image object contains new
information for a class or belongs to another class.

7.4) To open the Sample Selection Information window choose
Classification > Samples > Sample Selection Information or
View > Sample Selection Information from the main menu
(Figure 13).

Sample Selection Information X

Class Membership  Minimum Dist. Mean Dist. Critical Samples  Mumber of Samples
Snow 0.005 32719 58.081 40
Water 0.982 0114 3.066 11 28
Agricutture 0.875 0.831 2750 17 30
Forest 0.849 1.020 2757 19 40
Pasture 0.565 3542 5088 0 40
Bamen 0.476 4610 13.185 0 32
Snow-Tracks  0.302 7434 5 856 0 40

Figure 13: The Sample Selection Information window

7.5) Names of classes are displayed in the Class column. The
Membership column shows the membership value of the
Nearest Neighbor classifier for the selected image object.
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7.6) The Minimum Distance column displays the distance in
feature space to the closest sample of the respective class. The
Mean Distance column indicates the average distance to all
samples of the corresponding class.

7.7) The Critical Samples column displays the number of
samples within a critical distance to the selected class in the
feature space. The critical sample membership value can be
changed by right-clicking inside the window. Select Modify
Critical Sample Membership Overlap from the context menu.
The default value is 0.7, which means all membership values
higher than 0.7 are critical.

7.8) The Number of Samples column indicates the number of
samples selected for the corresponding class. The following
highlight colors are used for a better visual overview:

7.8.1) Gray: Used for the selected class.

7.8.2) Red: Used if a selected sample is critically close to
samples of other classes in the feature space.

7.8.3) Green: Used for all other classes are not in a critical

relation to the selected class.
Step 8: Classification Procedures

8.1) Once finished selecting and matching samples, go back up
to classification —> Nearest Neighbor —> Edit Standard NN
Feature Space.

8.2) Open up 'Object features' and double click on 'Layer
Values' and click on OK (Figure 14).
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= ClassRelated features

= Linked Ohject features

= Scenefestures

= Process-Related features
= Region features

= Image Registration features
= Metadata

= Feature Variables

Awailable Selected
= “ector features == Ohjectfeatures
- = Objectfeatures -#4 LayerValues
Customized £ v Mean
T Type L B2-Blue
4 Layervalues 17 B3-Green
Geomety | L7 B4-Red
Fosition L BE-NIR
Tedure L Be-SwIR
Wariahles L Br-SwWIR
Hierarchy i~ BB-Pan
H Thematic attributes L Brightness
Ohject Metadata 17 DEM
* Point Cloud features L7 M. diff

[ 0K ] l Cancel ]

Figure 14: Edit Standard NN Feature Space dialog box
8.3) Go back to Nearest Neighbor and select Apply Standard
NN to Classes. Click the All—>> button, then click OK (Figure

15).

-
Apply Standard Neare

Awvailable classes

Selected classes

- = classes

-2 Agriculture
) Barren
@ Farest

@) Pazsture
@ Snow-Tracks
(D) Snow

-4 \Water

[ QK ] [ Cancel ]

Figure 15: Apply Standard NN to the Classes dialog box
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8.4) Right-click in the Process Tree box and click on Append
New; select classification for the Algorithm drop-down menu
(Figure 16).

m«w_ﬂﬂﬁ

Evaluate the membership value of an image objectio @ list of selected

7] Automatic (& classes

at Level-1: Agriculture, Barren, Forest Pasture, Snow-Tracks, Sr Algorithm parameters

Algorithm

Value

Agrcuture, Bamen, Forest, Pasture, Snow-.
No

Yes

Darnain
image ohject level -
Parameter Value
Level Level-1
Class fiter rone
Threshold condition -
Map From Parent
Region From Parent I
Max. number of objects al

Loops & Cycles
Loop while something changes only

Numberofcycles 1 -

[[(Beae | [ ok |[ camce | [ Hep ]|

Figure 16: Edit Process, with its Classification algorithm
8.5) Then, inside the Edit Process dialog box for Active classes,
change the none by clicking in the box to see the three dots,
double-clicking on the field till the Edit Classification Filter
appears.
8.6) Ensure that inside the Edit Classification Filter, every class

besides Unclassified has a check (Figure 17).
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Edit Classification Filter - |2 o]
| o =
= Eo.—

LV e unclassified
VI Agriculture
[V Barren

[V Snowe-Tracks
[T Snow
[V Water

[[] Always use all classes Use Array:
Deselect Al [ ok || cenca |

Figure 17: The "Edit Classification Filter" dialog box

8.7) In the Edit Classification Filter dialog box, click on the OK
and then click Execute option in the Edit Process dialog box.
After several minutes, the classified map appears, with all

defined classes (Figure 18).
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= classes

1> Agriculture
..@> Barren
..@P Forest
..@P Pasture
i@ Snow

j © . ...@» Snow-Tracks
7;:_55 “/}. ’{_}.. 1&,» i . = L. Water

Figure 18: The final classified map

8.8) Before the classified results are exported, they need to be
reviewed to ensure that everything worked correctly; to do this,
we will experiment with the visualization options. View the
following image for details on what each button does. Be sure to
view your classification by clicking the Classification View
button (Figure 19).

i Fle View InageObjeds Anabsis bray Clssfiation Process Tools Epot Window Help

H # Y =R 7
860060 4aes 1 DR BB
H /

L

Image View  ClasifcationView  Sample View ~ Object Outines  Transparent Classes~ Show Polygons

Figure 19: The visualization options
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Step 9: Accuracy Assessment Tools

Accuracy assessment methods can produce statistical outputs to
check the quality of the classification results. Tables from
statistical assessments can be saved as .txt files, while you can

export graphical results in raster format.

G|
Settings

Image ohject lewvel
lLeveI—1 v]

Statistic type
| Classification Stability -

Classes

= = classes

Fasture
Snow-Tracks

Select classes
Sawve filename
accuracy
’ Sawve statistics ][ Show statistics l [ Clase l

Figure 20: Accuracy Assessment dialog box

9-1) Choose Tools > Accuracy Assessment on the menu bar to
open the Accuracy Assessment dialog box (Figure 20).

9-2) A project can contain different classifications on different
image object levels. Specify the image object level of interest

using the image object level drop-down menu. In the Classes
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window, all classes and their inheritance structures are
displayed.

9-3) To select classes for assessment, click the Select Classes
button and make a new selection in the Select Classes for the
Statistic dialog box. By default, all available classes are
selected. You can deselect classes through a double-click in the
right frame.

9.4) In the Statistic type drop-down list, select one of the
following methods for accuracy assessment:

9.4.1) Classification Stability dialog box displays a statistic type
used for accuracy assessment (Figure 21). The difference
between the best and the second best class assignment is
calculated as a percentage. The statistical output displays basic
statistical operations (number of image objects, mean, standard
deviation, minimum value and maximum value) performed on

the best-to-second values per class.

Classiication Stability__ = %

Class Objects Mean StdDeyv Minirnurm Maximum
Snow 30810 06637120 013025888 6.291270256e-... 1

Forest 21054 005752717241 0067835191 1.192092896e-.. 0302
Pasture 69785 0.1557420 0121 8.642673492e-... 05718573
Agriculiure 25166 008606276148 0.0453399799  6.377696391e-.. 0.2745950
Barren Kik:ea 02667262 01747498 2.437629971e-.. 0769
Snow-Tracks 46082 02154053 (1655706 2.205371857e-... 16342235
‘Water 1840 0107 01072136 14722347 26e-... 0576

) reduce * expand Close

Figure 21: Output of the Classification Stability statistics
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9.4.2) Best Classification Result dialog box displays a statistic
type used for accuracy assessment (Figure 22). The statistical
output for the best classification result is evaluated per class.
Basic statistical operations are performed on the Dbest
classification result of the image objects assigned to a class
(number of image objects, mean, standard deviation, minimum

value, and maximum value).

Class Objects Mean StdDew hinirmurn haxirnum

Snow 30510 0.7342743 0.2368392 01 1

Forest 21054 0.968 0.03901375317 07013727 1

Pasture 69785 0.322801 0.08019874681 02376280 1

Agriculture 25166 0.9514824 0.0449701578 05997316 1

Barren g2z 0.728 0.2333264 01 1

Snow-Tracks 45082 0.5494585 0.1684742 01324520 1

Water 1840 0.3005213 0.08044736978  0.3324251 1

O reduce O expand

Figure 22: Output of the best Classification results

9.4.3) Error Matrix based on TTA Mask dialog box displays a
statistic type used for accuracy assessment. Test areas are used
as a reference to check classification quality by comparing the
classification with reference values (called ground truth in
geographic and satellite imaging) based on pixels. For this
option, we have not so-called the ground truth samples (Figure
23).
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o s S e D B
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Accuracy
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KA PerClass 1 1
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Overall Accura. 1

K& 1

] i v

@ reduce expand _
Figure 23: Output of the Error Matrix based on TTA Mask statistics

9.4.4) The Error Matrix Based on Samples dialog box displays a
statistic type used for accuracy assessment. Error Matrix based
on Samples is similar to Error Matrix Based on TTA Mask but
considers samples (not pixels) derived from manual sample
inputs. The match between the sample objects and the
classification is expressed in terms of parts of class samples
(Figure 24).
= B N

User Class | Sarmple  Snaw Forest Pasture Agriculture Baren Snow-Tracks  ‘Water Surm
Canfusion Matrix

Snow 60 ] ] ] 0 0 0 B0
Forest 0 57 1] 1] 0 0 1) 57
Pasture 0 1 53 1] 3 0 1) 1]
Agricufture 0 1] 1] 2 0 0 0 4z
Barren 0 1 1 1 48 0 0 48
Snow-Tracks 0 1] 1] 1] 4 0 1) jits
‘Water 0 ] ] ] 0 0 M M
unclassified 0 1 1 1 0 0 0 0
Sum 60 61 53 LH 54 Ll M

Accuracy

Producer 1 019344262 1 1 04074074 1 1

User 1 1 08833333 1 1 09756098 1

Hellden 1 09661017 0938 1 09514563 09876543 1

Short 1 019344262 08633333 1 04074074 04756098 1

KIA Per Class 1 0823 1 1 08938640 1 1

Totals

Ouerall Accuracy 0.9765625

KIA 09723681

< i '
© reduce © expand

Figure 24: Output of the Error Matrix based on Samples statistics
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9.5) To view the accuracy assessment results, click Show
statistics. To export the statistical output, click Save statistics.
You can enter a file name of your choice in the Save filename
text field. You may save it in comma-separated ASCII .txt

format; the extension .txt is attached automatically.
Step 10: Exporting the Results

10.1) When are happy with the results, you can export the
results by clicking on Export —> Export Results.

10.2) Leave the buttons to the left default; change the Export
File Name to Bazarduzu, for example.

10.3) Click on Select Classes and select all except for

unclassified, then click OK (Figure 25).
select Casses for shepe et S S =)

Available classes Selected classes
- = clagses
-~ unclassified
() Agriculiure
~§ Beren
- Forest
(@) Pasture
@ Snow-Tracks
) Snow
- Watar
[ oK ] [ Cancel I I
|

Figure 25: Export Results dialog box
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10.4) Click on Select Features to add all the attributes. The first
feature you want to add to the attribute table is the area of each
class.

10.5) Follow this path to add the area: Object Features —>

Geometry —> Extent —> Area and then double click on the area

to add it to the space to the right (Figure 26).

Awailable Selected
Yector features == Class-Related features
Objectfeatures =) @ Relations to Classification
Class-Related features = Class name
-+e+ Relations to neighbor objects L Assigned class

A Relations to sub objects

{ Relations to super objects
Ty Relations ta Classification
= Membershipto

= Classified as

= Classification value of
= Class name

[ S

0-E-E-E

= Class color
= Linked Objectfeatures
= Scene features
= Process-Related features
= Region features
= Image Registration featuras
= Metadata
= Feature Variables

[ Ok l [ Cancel ]

Figure 26: Select Features for Export as Attributes dialog box

10.6) The class name is the second feature you want to add to
the attribute table. Follow this path to add the name: Class-
Related features —> Relations to Classification —> Class name
and double click on Create new Class Name, and in the new

window, click OK. It will let you select the box (Figure 27).
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Selcied

-+ Regunleshires
-+ Inage gt ks @ =
& o Metaddla

0K Cancel

Figure 27: Adding New Class Name

10.7) Click OK to close the Feature Select window, make sure
your window matches the image below, and click Export.
10.8) Open the newly created shapefile in ArcMap and evaluate

the classified map.
Sum Up:

eCognition is such powerful software that it is challenging to
summarize its advantages and benefits within one chapter. In the
current tutorial, we tried to introduce some of its main concepts
before you can start working through specific tasks learning how
to apply the main approaches step-by-step in the following
sections. In this exercise, you learned how to:

+ load Landsat 8 imagery into a project,

% perform image segmentation,

« create a class hierarchy and insert the standard nearest
neighbor as a classifier,

+« declare sample objects as initial points for the nearest
neighbor classification and feature space optimization,

«»+ perform a nearest neighbor classification: click and classify,

«» try to have some ideas on the accurraccy assessment proceses,

+» export the results to the ArcGIS setting.
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Informative Practices

Tips:

1) In eCognition Developer, segmentation is an operation that
creates new image objects or alters the morphology of existing
image objects according to specific criteria. It means a
segmentation can be a subdividing operation, a merging
operation, or a reshaping operation.

2) There are two basic segmentation principles: Cutting
something big into smaller pieces, which is a top-down
strategy, and merging small pieces to get something bigger,
which is a bottom-up strategy.

3) Inside the eCognition 9.01, four classification algorithms are
available: Optimal Box, Nearest Neighbor, Brightness
Threshold, and Clutter Removal.

Workouts:

1) Define the different color compositions to visualize image
layers for display in the map view.

2) Try two different segmentation actions (for instant, Quadtree
and Multiresolution modes) to create image objects and
compare the results.

3) Use the Classification, Brightness Threshold action to classify
objects based on brightness.

Quizzes:

1) According to the experience from current and previous
tutorials, what are the eCognition software advantages and
disadvantages in processing Landsat-8 imagery?

2) How would you evaluate the final segemented map accuracy

inside the eCognition?
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3)

What does the Classification (Nearest Neighbor) action mean?
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Diving into the OBIA Advanced Skills

What would be the future of advanced image processing?

"Basic Concepts:

Continuing Season One, Section Two introduces the eCognition
much-advanced capacity to import satellite image bands,
manage a workspace, create projects, and target the Sentinel-2
imagery, with some recurrences. Any interested learner who
experienced the Section One tutorials will dive into OBIA
much-advanced skills by segmentation, classifying the satellite
images, developing rulesets, and exporting the results to the
ArcGIS setting.

At a glance, beginners learn how to manage workspaces and
create a project in tutorial one. Then, in tutorial two, with access
to Sentinel-2 images, trainees will practice creating complex
landcover indices. Next, in the third workout, better-educated
followers will work to produce the main components of the
OBIA framework, image objects, by applying several
segmentation methods. In the fourth tutorial, every learner will

deal with the main subject of satellite image processing, namely
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classification procedures. After that, during tutorial five,
intermediated students will learn how to produce and implement
rulesets with combined thresholding techniques to classify water
bodies. In tutorial six's last step, you will try a change detection
process based on an"Unsupervised Classification (USC)"
algorithm. This section will inform learners of accuracy
calculation methods and export more accurate results aiming at

the OBIA targets.
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Tutorial 1

Headlong Into The eCognition 9.5 with Sentinel-2

0|

=

=]
—
=
=
L

advanced analysis software available for geospatial applications

Opening Statement:
The main purpose of the current tutorial is to teach students how

to work professionally inside the trial version of the eCognition
9.5. Accordingly, you will download and install the eCognition
Developer version 9.5 on your computer at the first step. In the
second step, the tutorial teaches you simple steps to find,
download, and manage free Sentinel-2 data by accessing the
Copernicus Open Access Hub. At the tired step, you will learn
to import downloaded imagery to the inside of the eCognition
software. Creating a simple project helps the intermediate
learners understand the main aims of OBIA concepts, helping to
design, improve, and accelerate practicing the real-world high-

resolution satellite imagery during the next tutorials.
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Instructive Memo:
Level: Intermediate
Time: This lesson should not take you more than 1 hour.
Resources: The eCognition Developer software, Version 9.5
Data Sources: Sentinel-2 Imagery,
L1C_T39TVE_A030362_20210415. jp2

v Scene Site: The Baku Peninsula
Tutor Objectives:

DN NI NN

By the end of this unit, you should:
+ Learn how to download the eCognition Developer 9.5.
+ Start to install the eCognition Version 9.5.
+ Be trained to access the Sentinel-2 imagery.
+ Bring into the high-resolution imagery inside eCognition.

Background Concepts:

The eCognition trial version 9.5 enables researchers to examine
almost all high-resolution satellite imagery in pixel and object
levels, not in isolation, but contextual relations. Although
students do not have access to the official version of the new
eCognition software, they will acquire the necessary
constructive skills over time by doing simple exercises. Inside
the Trimble eCognition Developer Trial 9.5 version, you can
experience many image processing, classification functions as
experts and data scientists do in the geospatial data analyzing
main steps. Intermediate learners can design feature extraction
solutions to transform geo-data into geo-information. The
possibilities are continuous, with more feature extraction
experience. Besides, researchers could pioneer OBIA techniques
and continue to push the envelope of Sentinel-2 newly provided

imagery and integrated analyses.

162



Mastering Object Based Image Analysis

SECTION TWO

As soon as you can bring multispectral high-resolution Sentinel-

2 (A & B) into the eCognition setting, you will be able to get

more information from the landcover/landuse of your projected

area. Sentinel-2 carries an

innovative wide swath high-

resolution multispectral imager with 13 spectral bands for a new

perspective of our land and vegetation. The combination of high

resolution, novel spectral capabilities, a swath width of 290 km,

and frequent revisit times provides unprecedented views of
Earth. The Sentinel 2 (A & B) spectral bands are given in Table

1.
Table 1: Sentinel 2 spectral bands
Central Wavelength Resolution

Band Description (nm) (m)
Ultra Blue (Coastal and

Bl Aerosol) 0.443 60

B2 Blue 0.490 10

B3 Green 0.560 10

B4 Red 0.665 10
Visible and Near Infrared

B5 (VNIR) 0.705 20
Visible and Near Infrared

B6 (VNIR) 0.740 20
Visible and Near Infrared

B7 (VNIR) 0.783 20
Visible and Near Infrared

B8 (VNIR) 0.842 10
Visible and Near Infrared

B8a (VNIR) 0.865 20

B9 Short Wave Infrared (SWIR) 0.940 60

B10 Short Wave Infrared (SWIR) 1.375 60

B11 Short Wave Infrared (SWIR) 1.610 20

B12 Short Wave Infrared (SWIR) 2.190 20

Also, Figure 1 indicates the
graphical characteristics.

Sentinel-2 bands spectral in
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Figure 1: Sentinel-2 bands and spectral characteristics

Mastering The Skills:

The eCognition technology enables researchers to examine
almost all high-resolution satellite imagery in pixel and object
levels, not in isolation but in contextual relations. Although you
do not have access to the official version of the new eCognition
Software, you will acquire the necessary constructive skills over
time by doing simple exercises based on the Sentinel-2 images.
Step 1: Accessing the eCognition Software

1.1) Note that customers with a valid maintenance contract
are entitled to the latest version of eCognition. This version of
the eCognition Suite 9.5 includes a variety of new and improved
productivity tools. To download the current trial version
eCognition, you need to try support@eCognition.com.

1.2)  Fill out the form to request the eCognition Developer
Trial software. In the comments section, you are requested to
offer some information about the application you're interested in

and any other questions you have.
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1.3) Trial software access is not limited to a specific period,
but export functions, saving projects, and the workspace
environment are restricted. Rulesets saved in trial software
cannot be opened in a fully-licensed version of eCognition
Software. eCognition Trial versions are available exclusively for
64-bit versions of Windows.

1.4)  When you download the eCognition Trial version, keep
it in a folder inside one of your computer partitions.

1.5) Right-clip on the eCognition Developer Trial Zip folder

and select the Extract Here option (Figure 2).

eCognition Developer Trial 24/06/2020 6:37 AM  File folder
2 eCognition Deylans: Teislsin NUEDNNANEY —WEaRAR 7IP archive 906,665 KB
Open

@ Import to Grammarly

B Bdractfiles..

B Edract Here

B Extract to eCognition Developer Trial\

Figure 2: Extracting eCognition Developer Trial zip files

1.6) When the eCognition Developer Trial 9.5 Setup dialog
box appears, click the Next option (Figure 3).

) eCognition Developer Trial 8.5 Setu =) &
P P

Welcome to the eCognition
Developer Trial 9.5 Setup Wizard
This wizard will guide you through the installation of
eCognition Develaper Trial 9.5 37.

@ Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update

relevant system files without having to reboot your
computer,

Click Next to continue.

Figure 3: eCognition Developer Trial 9.5 Setup dialog box
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1.7) Inthe License Agreement dialog box, select the I accept
the terms of the License Agreement option and click the Next
tab (Figure 4).

@ eCognition Developer Trial 9.;5;_. [ ] e éj

_‘ License Agreement
s Please review the license terms before instaling eCognition
@ Developer Trial 9.5.

"'f\__' If you accept the temms of the agreement, select the first option below. You
D) must accept the agreement to install eCognition Developer Trial 9.5. Click
Mend to continue.
TRIMBLE SOFTWARE END USER LICENSE AGREEMEMT (eCognition) -
Version 1.0 | I

This Software End User License Agreement (this “Agreement”) is
entered into between Trimble Inc. or the Trimble affiliate identified
on the applicable Order Form (“Trimble”) and you (“Customer” or
“you"), the individual or entity that has downloaded or otherwise
procured the Software (as defined below). This Agreement is
effective on the earlier to occur of the date you first executed an
Order Form, downloaded the Software or clicked to agree to this ™
@ | accept the terms of the License Agreement

() | do not accept the tems of the License Agresmert

[ < Back ][ Next = ][ Cancel ]

Figure 4: The License Agree-rhent dialog box

1.8)  When the Choose Cpmponnents appears, select both the
eCognition Developer Trial and NVIDIA GPU-accelerated
TensorFlow Library options, click the Next tab. Note that you
need to have nearly more than 1.7 GB of required space in your

select partition (Figure 5).

166



Mastering Object Based Image Analysis SECTION TWO

@ eCognition Developer Trial 9.5 Setup- Elﬂlg

‘ Choose Components
Choose which features of eCognition Developer Trial 2.5 you
@ want to install.

Check the components you want to install and unchecdk the components you don't want to
install. Click Next to continue.

Select components to install: eCognition Developer Trial

MVIDIA GPU-accelerated TensarFlow Library

Description

Space required: 1.7GB Position your mouse over a component ko see ks

description.

Trirble Inc.

[ < Back ][ Mext = ][ Cancel ]

Figure 5: The Choose Cpmponnents installation option dialog box

1.9) When choosing Start Menu Folder appears, select the
Trimble eCognition Developer Trial 9.5 and the Start Menu
folder where you want to set the software shortcuts (Figure 6).

[Z) eCognition Developer Trial 9.5 Setup IEIEIQ

‘ Choose Start Menu Folder
Choose a Start Menu folder for the eCognition Developer Trial
@ 9.5 shortouts,

Select the Start Menu folder in which you would like to create the program's shortcuts, You
can also enter a name to create a new folder.

Trimble eCognition Developer Trial 9. 5|

7-Zip

Accessories

ACD Systems
Acronis

Addinsaft
Administrative Tools
ArcGIS

ArcSoft Webcam Suite
ATCOR 2011
Babylon

Brother

Canaon MP&10 series

»

m

Trimble Inc.

[ < Back ][ Mext = ] [ Cancel ]

Figure 6: the Choose Start Menu Folder dialog box

1.10) Click on the Next tab to have the Choose Install

Location dialog box. For example, you may prefer to select the
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E:\ partition to install the eCognition Developer Trial 9.5

version (Figure 7).
[Z) eCognition Developer Tﬁm Elﬂlg

‘ Choose Install Location
@ Choose the folder in which to install eCognition Developer Trial
9.5,

T3 Setup will install eCognition Developer Trial 9.5 in the following folder. To
install in a different folder, dick Browse and select another folder. Click
Mext to continue.

Destination Folder

E:\eCognition Developer Trial 9.5

Space required: 1.7GB
Space available: 18.8GB

Trimble Inc,

[ < Back ][ Mext > ] [ Cancel ]

Figure 7: Selecting of the Destination Folder
1.11) The installation dialog box appears by selecting the Next
Tab. Click on the 'Install Tab' to start the installation process
(Figure 8).
Y SCoaron v o ]

The installation was configured successfully.

Click "Install” to start the installation or "Back” to
change the configuration settings.

Trimble Inc.

[ < Back ][ Install ] [ Cancel ]

Figure 8: The installation process dialog box
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1.12) The eCognition Developer Trial software installing
process starts. It would be best if you wait while the software

was installed (Figure 9).

@ eCognition Developer Trial 8.5 Setup 5 S|

e Installing
Please wait while eCognition Developer Trial 9.5 is being installed,

©)

% Extract: DEncode.dl... 100%
LD

Extract: Gibraltar.Agent.dll... 100%: -
Extract: Loupelibrary.dil... 100%

Extract: LoupeWrapper.dl... 100%

Extract: eCog3DViewerTrial.dll... 100%

Extract: tfib.dl... 100%

Extract: libexif.dll... 100%

Started the installation of additional ibraries (IPSTools).
Output folder: E:\eCognition Developer Trial 9.5%in
Extract: DEncode.dll... 100%

4 [m]

Trirmble Inc,

< Back MNext > Cancel

Figure 9: The Installing dialog box
1.13) When the installation process is completed successfully,

click on the Next Tab (Figure 10).

i Installation Complete

@ Setup was completed successfully,

% Completed

Cutput folder: E:\eCognition Developer Trial 9.5 -
Create folder: C:\ProgramData\MicrosoftiWindows\Start Menu'Programsy, ..
Create shortcut: C:\ProgramData\Microsoft\Windows'\Start Menu'Program. ..
write uninstaller uninst.exe to E:\eCognition Developer Trial 9.5

Created uninstaller: E:\eCognition Developer Trial 9. 5uninst. exe

Thank you for using eCognition Software.
Saving installation log.
Completed

|

Trimble Inc,

< Back Cancel
Figure 10: Announcing the Installation completion dialog box
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1.14) In the last step, inside the Completing the eCognition
Developer Trial 9.5 Setup Wizard window click on the Finish
Tab to end the installation process (Figure 11).

@ eCognition Developer Trial 9m l-:'-:"ﬂh

Completing the eCognition
Developer Tnal 9.5 Setup Wizard
Product was installed successfully.

Thank you for using eCognition software. We appredate
being of service to you with image intelligence solutions. At

Trimble we constantly strive to improve our products. We
therefore apprediate all comments and suggestions for
improvements,

To contact our support team visit the website

http: ffwww . ecognition. com jsupport

or by e-mail use

supporti@ecognition.com

Visit our webpage (www.eCognition.com)

< Back Cancel

Figure 11: the Completing the eCognition Developer Trial 9.5 Setup
Wizard window
1.15) You can start the eCognition Developer Trial version

and set up the software based on your choosier (Figure 12).

g
N FRE VW MMGEOBEC ANATSS URRMRI CUSSPKATON MOGESS 100IS BFORT WIDOW HEP

@83 453 A BBBA G ODTH RIE 09 BiC B AT it HOOE - - M
Soune v v a x| Pl
= =
Mo proect &
Cumsnres Fesdback rogram
‘ Help lmprove eCogniion
ol Aman abut 1o ot hrdert o 10 i KCo7n. The rogran s
e
- Destelate] | ol
onEeE
Yo prec avalable
=
Gt St
oo updste
Sepytasinens

Figure 12: the eCognition developer Trial Version start state
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Step 2: Accessing the Copernicus Hub

Sentinel-2 data products are provided free of charge to
all data users, including the students, and researchers under the
terms and conditions prescribed by the European Commission'’s
Copernicus Programme.

2.1) Go to https://scihub.copernicus.eu/dhus/#/home and

create a User Account for yourself.

2.2) In the top-right of the website map, click the Sign Up
option. Insert valid entries for your name, email and location.
Click register, and validate your email.

2.3)  With a few clicks of the mouse, you've gained access to
ESA's Sentinel site.

2.4) Click on theE icon (1) to log in to the site. Enter your
username and password to access the main Copernicus Open

Assess Hub.

2.5) Presson = the insert research criteria icon (2) to notice
windows. You can now fill in all exciting options to define all
images you need inside the Advanced Search box. The most

important subject is selecting the Sentinel Mission type; in our

Mission: Sentinel

case, we want to tick the ‘ & 2 ‘option.

2.6)  There are viable options that are optionally able to help
the users in the selection procedure, such as satellite platforms,
product type, cloud cover (%), sensing period, and so on (Figure
13).
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Figure 13: Copernicus Open Access Hub
2.7)  Also, you could use two other options as map layer (3)

H and switch to area mode (4) in the better selection of the
Sentinel images (Figure 14).
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= a
T — p— . — T ~ -
E
# Advanced Search Clear
DETIlEE Ingestion Date v
» Order By Descending v
» Sensing period From: = to: =
» Ingestion period From: = to: =

0O  Mission: Sentinel-1

Satellite Platform Product Type

v v
Polarisation Sensor Mode

v v
Relative Orbit Number (from 1 to Caollection
175)

& Mission: Sentinel-2

Satellite Platform Product Type
v v

Relative Orbit Number (from 1 to Cloud Cover % (2.g.[0 TO 9.4])

4 a0y

Figure 14:Insert search criteria dialog

2.8)  To select the Area of Interest (AOI), Zoom in your study
area. In our example, Azerbaijan, Baku region.
2.9) Click Polygon in the bottom-left and draw a polygon

around your interested area (Figure 15).
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Copemicus Open Access Hub

: £ \ ‘< 1
N
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B e 55

Tet o
enter
9 Bara

Figure 15: Copernicus Open Access Hub dialog

2.10)

Using the Search Criteria text box in the top-left, click

on the menu and choose your data to feature, for instance, which

date and sentinel mission you need (Figure 16).

nseMsearch criteria

]
-
v
Uestenuny H R
| » Sensing period From: 20180818 &5 L | 2%
» Ingestion period From: = to: = .b\
O Mission: Sentinel-1 13
Satellite Platform Product Type *
| |
—o/
v
- o %
Polarisation Sensor Mode
| |
‘abak’
3
Relative Orbit Mumber (from 1 to Collection
175) |
v
&  Mission: Sentinel-2 3
v
ar
B e i S SRS —n"

Figure 16: Search criteria dialog box
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2.11) Click on the search button to show the results. All

available images will be displayed (Figure 17).

a ¥
T —

Display 1 to 16 of 16 products. SelectAll O "
Order By: Ingestion Date ¥

Request Done: ( footprint:"Intersects(POLYGON((50.047531477427036 fo3
40.63871962065298.49.69950829490624
40.63871962065298,49.717355637599624

v
B s2A_MSIL1C_20180620T072621_N0206_R049_T39TUE_20180702T172404 B
l Download URL: https://scihub V1/Products('9 -+
Mission: Sentinel-2 ument: MS! Sensin, 2018-06-20T707:26:21.024Z & i‘“
\ °
? hall
S2A_MSIL1C_20180620T072621_N0206_R049_T39TVF_20180702T172404 \

Download URL: https://scihub.c Produ 7b1-1
ion: Sentinel-2 Instrument: MSI Sensing Date: 2018-06-20T07:26:21.024Z &
o

IE] S2A_MSIL1C_20180620T072621_N0206_R049_T39TVE_20180702T172404

» fter
208 Download URL: https://scihub.cop: hi Product
Mission: Sentinel-2 Instrument: MS! Sensing Date: 2018-06-20T07:26:21.024Z &
Karab)
B s2A_MSIL1C_20180620T072621_N0206_R049_T39TUF_20180702T172404 biic
m Download URL: https//scihu M 1/P dota

Products per page: |25 page: | 1 of 1 P CLOSE

Figure 17: Result of selected Sentinel 2A images

2.12) Click on this sign to view the product details (Figure 18).

A Summary

S S2A_HSLIC_20180630TO72621_NI2. T3STVE_20180

Date: 2018-06-30T07:26:21.024Z
Bai nata -/

00 00

Figure 18: Footprint and Quicklook summary

175



Mastering Object Based Image Analysis SECTION TWO

2.13)

2.14)

Select the product you want to download. When the
downloading process is finished, you will notice a zip

folder similar to E L1C_T39TVE_AD30362_20210415T073141 zip

in the jp2 format. Now, you need to unzip the contents of
the above folder in a particular folder.

The Sentinel-2 satellites will each carry a single multi-
spectral instrument (MSI) with 13 spectral channels in
the visible/near-infrared (VNIR) and short wave infrared
spectral range (SWIR). Keep in mind that the Sentinel
2A level 1c already has values in TOA reflectance.
Therefore, you need to convert its bands into GeoTIFF in
SNAP software. Besides, you can convert Sentinel image

format inside the ArcGIS setting into GeoTIFF format.

2.14.1) Download the SNAP software from Sentinel Data Hub:

http://step.esa.int/main/download/snap-download/. It is
free, open-source software. It is a common open-source
architecture for ESA Toolboxes ideal for exploiting

Earth Observation data.

2.14.2) Sentinel Data Hub offers three different installers for

your convenience. Choose the one which suits your
needs. During the installation process, each toolbox can
be excluded from the installation. Note that SNAP and
the individual Sentinel Toolboxes also support numerous
sensors other than Sentinel. Inside the SNAP software,

try File/ Open Product.
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2.14.3) After importing each band click File/ Export/ GeoTIFF.
Now the entire bands with GeoTIFF format are ready to take

inside the eCognition software.

Step 3: Sentinel-2 imagery inside the eCognition
3.1) When you click on the eCognition Developer Trial
version shortcut *.exe, you will soon notice the Developer Trial

Window (Figure 19).

8% u 3L %53 W FEFTE S T k S ¥ it 00 ESa2bl
v y .o Process Tree v x Pre

eCognition =
Developer Trial M:;t’mmm

'Figure 19: the eCogpnition Developer Trial version start-up

3.2)  From the menu bar, click on the File and select the New
Project option. Soon the Create Project Window opens by

accompanying the Import Image Layers dialog box (Figure 20).
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Create Project o=
Project Image Layers Thematic Layers  Metadata

Frsject Name Mew Frojact

Map main Subset Selection

Rasalution
100

| Use geocading
Pcel size furit)

auto

Meters

% Import Image Laye:

(&%)

L1C_T39TVE_AD30362_2021...

Organize = New folder Bo- L @
r Fevorites “ (@ T39TVE_20210415T072611_B02.if
R Downloads i T39TVE_20210415T072611_B03.if
E Dropbox | |5 T39TVE_20210415T072611_504 tif
[ Documents (21 " T39TVE_20210415T072611_BOS.tif

W T39TVE_20210415T072611_806.1

L Recent Places X
W T29TVE_20210415T072611_BO7.1if

['¥ Documents
s T3STVE_20210415T072611_B08.1if
T T39TVE_20210415T072611_BSALT

9 Libraries
[% Documents bl T3OTVE_20210415T072611_B11.if
o Music s TI0TVE_20210415T072611 81200 |

&= Pictures
B videns

File name. "T30TVE_202104157072611_812 66 = [All Flee () =

Spn] (oocence)
o Cancel

Figure 20: The Create Project Window accompanying the
Import Image Layers dialog box

3.3)  Select Sentinel-2 bands as you want and click OK. Inside

the Create Project, the image layer name set up other options,
and click OK (Figure 21).

Create Project

Project Image Layers Thematic Layers Metadata

Project Name

Map main
Coordinate System \WGS_1384_UTM_Zone_33N Transverse_iviercatol Clear Subeat
Resolition (Meters) 10 Fesciaion fend)
Pixel Size 10
Project Size 2008x5142 pixels 1

Geocoding {Lower Lef) (400880 / 4445200)

Geocoding (Upper Right) (470960 / 4437620) I
el size (i

auto

Meters
Image Lay... | File Location ~In - Insert
Bi-Blue  E\0BlA-Books Final Files\Satellite Images| S2-T1-BakutL1C_T: o
B3-Gresn E:40Bl-Books Final Files\Satellite Images| 52-T1-BakuL1C_T:
B4-Red  E4OBl4-Books Final Files\Satellite Images|52-T1-BakuiL1C_T: Edit
B5-VNIR E:40Bl4-Books Final Files\Satellite Images| 52-T1-BakuiL1C_T:

FRemove

BE-VNIR  EADBIA-Books Final Files\Satellite Images| S2-T1-BakuL1 C_T: tio Deta
B7-VNIR EAOBIA-Baoks Final Filest Satellite Images| 52-T1-BakuL1 C_T:
B8-VNIR EAOBIA-Baoks Final Filesh Satellite Imares| 52-T1-BakubL1 C_T! ~
] »
Thematic Layer Alias F. AL W.H - Insert
T Remove
Edit
Metadata Name Fi...| D. - Insert
- Remove
Edit
Preview

Cance
Figure 21: The Create Project Window, setting up layers name
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3.4) From the Subset Option, select a portion of the image

using your mouse device and click OK (Figure 22).

Subset Selection

Subset

Minimum X 400880 Maximum X 470960
Minimum X 4446200 Maximum Y 4497620
Resolution Scene size Active image layer
10 7008 5142 B2-Blue
] Use geocoding for subset

Figure 22" The Subset Option, selecting a portion of the image

3.5) By setting the View Setting options, as you notice from
Figure 23 you can create your first project inside the eCognition
9.5.
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ot Window e
UD% FIE man - 1t 00 B SaRl
Source View

=
o

b

Bakas Peninsula
TI9TVE_2021041... E\OBIA-Books Final Fies
TI9TVE_2021041... E\OBIA-Books Final Fies
TI9TVE_2021041... E\OBIA-Books Final Fies
TI9TVE_2021041... E\OBIA-Books Final Fies
TI9TVE_2021041... E\OBIA-Books Final Fies
T39TVE_2021041... E-\OBIA-Books Final Fies
T39TVE_2021041... E\OBIA-Books Final Fies
TI9TVE_2021041... E\OBIA-Books Final Fies
T39TVE_2021041... E:\OBIA-Books Final Fies:
T39TVE_2021041... E\OBIA-Books Final Fies .|

o

o

Image Object Information

Figuvr'e 23: An eCognition 9.5 project, adjusted to the Baku PeninsUIa,
Azerbaijan

3.6) At this point, your first project in the Alpha software
environment is ready. In the next chapter, you will follow your
project in more detail

Sum Up:

The eCognition Suite 9.5 is an advanced analysis software
available for many OBIA applications. It is designed to improve,
accelerate and automate the interpretation of various geospatial
data and enables users to design feature extraction or change
detection solutions to transform geospatial data into geo-
information. These help us identify changes over time or

features on the earth's surface across very large data sets.
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As is highlighted above, Sentinel-2 products are provided free of
charge to all data users, including the students, and researchers
under the terms and conditions prescribed by the European
Commission's Copernicus Programme. You can process satellite
images to determine various plant indices such as vegetation and
water content indexes. It is particularly important for
applications related to the country landcover/landuse mapping
such as vegetation stands, rivers and lakes bodies, mud-volcanic
eruptions, particularly detecting the Caspian Sea coastal
changes.

Informative Practices
Tips:

1) eCognition 9.5 empowers customers with highly sophisticated
pattern recognition and correlation tools that automate the
classification of objects of interest for faster and more
accurate results.

2) eCognition 9.5 now provides new algorithms to directly
leverage this state-of-the-art machine learning technology.

3) You could process the Sentinel-2 images to preserve land
monitoring studies, vegetation monitoring, soil and water
cover, and observation of inland waterways and coastal areas.

Workouts:

1) Install the eCognition 9.5 Trial version on your computer,
according to the current tutorial. And keep in your mind and
fully understand what the eCognition Developer Trial
provides and is limited.

2) Open the eCognition software, and from the Help menu,
select the System Info option. It gives you a lot of basic
information about your installed platform.

3) Download a set of Sentinel imagery for a region where you
live. Have you any idea about counterpart multi-spectral
satellite images.
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Quizzes:

1) What does the eCognition Developer Trial software offer
freely?

2) What are its limitations, and what are the main windows of
the eCognition Developer when it starts?

3) How many Sentinel satellites are there in space?

Allied References:

1) Trimble eCognition Suite (2019) eCognition Developer 9.5
Reference Book, Munich, Germany. All rights reserved.
Trimble Documentation, Munich, Germany.

2) Trimble eCognition Suite (2019) eCognition Developer 9.5
System Requirements for Windows operating system.
Munich, Germany. All rights reserved. Trimble
Documentation, Munich, Germany.

3) eCognition Available online (2019):
http://www.ecognition.com/suite/ecognition-developer
(accessed on 3 April 2019).

4) Yan, L., D.P. Roy, H. Zhang, J. Li and H. Huang (2016) An
Automated Approach for Sub-Pixel Registration of Landsat-8
Operational Land Imager (OLI) and Sentinel-2 Multi-Spectral
Instrument (MSI) imagery. Remote Sens. 8, 520.

5) Radiometric Resolutions Sentinel-2 MSI (2020) User Guides,
Sentinel Online. Sentinel.ESA.int. Retrieved 5 March 2020.

6) Sentinel-2 MSI: Overview (2015) European Space Agency,

17 June 2015.
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Tutorial 2

Taking a Plunge Inside The eCognition 9.5

establishing your home workspace is the first milestone

Opening Statement:

In the first step, this tutorial teaches you to be familiar with the
eCognition 9.5 structure and functionality. In the second step,
the tutorial will teach you how to set up and configure your
workspace and projects within eCognition, based on Sentinel-2
datasets. Setting up a workspace and project is the first step in
eCognition, in which you configure your folder structure and
import your data. A project is the most basic format in
eCognition architect that contains one or more sets of satellite
imagery.

Instructive Memo:

Level: Intermitade,

Time: This tutorial should not take you more than 1.5 hours,
Software: A eCognition Developer, Version 9.5,

Data Sources: Sentinel-2 imagery T39TUE_20200311.Tif,
Subject Scene: Baku region, Azerbaijan.

AN NN NN
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Tutor Objectives:

+ By the end of this unit, you should:

+ Learn how to downluod Sentinel-2 Imagery.
+ Be familiar with the workspace and projects.
+ Create a unique workspace and a project.

+ Create multiple projects inside a workspace.

Background Concepts:

Using the new eCognition software, you can import various
geospatial data, fusing them into a rich stack of geo-data for the
analysis. You may prefer to have a logic arrangement step-
wisely to create a computer-based representation of an expert’s
geospatial interpretation process, a so-called OBIA. eCognition
then combines the analysis logic with scalable computing power
to identify changes over time or features on the earth’s surface
across very large sets of data.

The eCognition technology enables researchers to examine
almost all high-resolution satellite imagery, such as Sentinel-2
(A & B), in pixel and object levels, not in isolation but in
contextual relations. Inside the eCognition software, you can
build up a picture iteratively, recognizing groups of pixels as
objects. Just like the human mind, it uses color, shape, texture,
shape, and size of objects, as well as their context and
relationships, to draw the same conclusions that an experienced
analyst would draw. Although you do not have access to the
official version of the new eCognition software, you will acquire
the necessary constructive skills over time by doing simple

exercises.
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Mastering The Skills:

The main aim of this tutorial is to introduce the trial version of
eCognition 9.5 that was designed to improve, accelerate and
automate the processing and interpretation of geospatial data.
You can discover the full power of the eCognition's
development environment for data analysis. Inside eCognition
9.5, it is possible to develop rule sets and workflows for
advanced classification, feature extraction, and batch processing.
Step 1: Being Familiar with the eCognition Structure

1.1) When you click on the eCognition Developer Trial version
shortcut *.exe, you will soon notice the Developer Trial
Window (Figure 1).

e
¢ sent43%ue 20200311 f
+ w30 20200... C\Aa-imogyes\Mh Vol Inges\sert SIS

&

Figre :Cognition Develop ' Default View main parts
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1.2) The Developer version has the parts, each with its function

as follows:

1)

2)

3)

4)

5)

Source View: This dialog provides users a simple data
management area to modify input layer alias, display
orders, and access information on file details. To open
the dialog, choose View > Source View.

Item: All metadata items are listed in the feature tree if
existing. You can define a new metadata item by
clicking on Create a new Metadata item.

Main View: Inside the Main View, you could display
raster data, vector layers, and other derivative map
products.

Process Tree: eCognition Developer uses a cognition
language to create ruleware. These functions are
created by writing rule sets in the Process Tree
window.

View Settings: In this dialog, you can add image,
vector, and point cloud layers via drag and drop and
edit them according to view settings. Toggle between
detailed layer properties switches between grayscale
and RGB mixing, or - for point cloud data - select a 3D
subset to open the 3D viewer. The upper pane allows
individual layer settings, the lower pane global view
settings for the respective data type. If you click on the

View Settings Tab, you will notice the Process Tree,
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6)

7)

8)

9)

View Settings (image layers), and the Global Settings
tab.

Global Settings: This option shows image layers
background, raster dataset mode, equalization mode,
and situation percentage.

Image Object Information Tab: This window provides
information about the characteristics of image objects.
Class Hierarchy Tab: Image objects can be assigned to
classes by the user, which is displayed in the Class
Hierarchy window. The classes can be grouped in a
hierarchical structure, allowing child classes to inherit
attributes from parent classes.

Feature View Tab: In eCognition software, a feature
represents information such as measurements, attached

data, or values.

10) Default Toolbar Buttons and Dialogs: The eCognition

Developer has eleven Toolbar Tabs, each having
several illustrated buttons. These are shown in Figure 2

and associated descriptions in Table 1 in brief.

1 2
oo

3 6 7 8 9 10 11

o b 1L L1

T ] T ¥ H H
% FLE VEW ]MAGE(!BIEEI’S ALY UBRARY CLSSFICATION PROCESS T0DIS EPGRT WINDOW  HELP

BE3 5553 IPBERE G0 kb eem A X wn - JLtIEQeH oo M

Figure 2: The eCognition 9.5 main Toolbar Tabs
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Table 1: The eCognition 9.5 toolbars and buttons descriptions

Toolbar

Buttons

Description

File Toolbar

i = &

This group of buttons allows you to
create a new project, open and save
projects

View Settings
Toolbar

% io %3

These buttons are numbered from 1
(Load and Manage Data), 2
(Configure Analysis),

3 (Review Results) to 4 (Develop
Rule Sets), allow you to switch
between the four

window layouts. To organize and
modify image analysis algorithms,
the Develop Rule

Sets view (4) is most commonly
used.

View Settings

This button allows you to open the
View Settings dialog. Add layers
via drag and drop

and edit image, vector, and point
cloud view settings

image view This group of buttons allows you to
Opti?)ns E ﬂ E select image view options. You can
select between
view image layers, classification,
samples, and any features you wish
to visualize.
displavin This group is concerned with
OutFIJin)els J of ﬁ E @ @ displaying outlines and borders of
. image objects, and
plxels and views of pixels and polygons based
Image on image objects as 1) Toggle
objects between pixel view
or object mean view; 2) Show or
hide outlines of image objects; 3)
Switch between transparent and
non-transparent outlined objects,
and ) Toggle between show or hide
polygons.
Zoom ) This region of the toolbar offers
Functions R natural selection and the ability to
Toolbar pan through an
image, along with several zoom
options. You can enter the zoom
level manually to
any user-defined value.
View %lmn Mo Mt The View Navigate folder allows
Navigate you to d_elete levels, select maps
Toolbar and navigate the

object hierarchy.
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Tools The Tools toolbar allow access to

Toolbar D o e the following dialog boxes and
options: Workspace management,
Image object information, Object
and Object Table.

Tools SEETRAN n‘? These tools allow Undo, Redo,

Toolbar Save Current Project State, and
Restore Saved.
Project State.

Legend and L= These tools allow access to Class

Mfgnual [ (5 6 32 [ hierarchy, Process tree, Feature

Editing view, Mangge. |
Customized Features, Manua

Toolbar Editing Toolbar.

1.3) eCognition offers the possibility to add all kinds of data via
drag and drop to the View Settings dialog. You can add image
layers, vector, and point cloud layers to a new or existing
project. You may wish to select the layers in the Windows File
Explorer and drag and drop them to the View Settings dialog to
import them. The upper pane allows individual layer settings,
the lower pane global view settings for the respective data type.
1.4) Alternatively, you can select File > Add data layer or View
> Source View > Add data layer button.

1.5) Furthermore, eCognition project (.dpr) and workspace (.dpj)
files can be added to eCognition by drag and drop (Figure 3).
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View Settings * 1 X

T OHER O

o mage loyers [N G B Fare
Lo I s O -+
Laer2 N s O -+
Layer3 [ | | e EE
Loyers IR O =5
Laers I s O -+
Laers I s O -+
Layer7 [ e | W
Layer8 [ | EE
Loy I e O =5
Laer10 e | |
Loy I s O -+
Layer 12 [ I -0

Figure 3: View Settings showing the Sentinel 2 A bands, excluding
layer (band) 1
1.6) Inside the View Settings " button toggles between an
expanded or collapsed view of layers, visualizing or leaving out
details of loaded layers.

1.7) These buttons OmB = visualize different image
layers in grayscale or RGB. If more than one image layer is
loaded, they also allowed shifting between layers and their layer

mixing (details see below).

1.8) The 3D subset selection button ¢ enables the selection of
a subset in the view to open a 3D view window (active on
availability of at least one point cloud layer).

Step 2: Recognition the Image Layer Tools

2.1) Single Layer Grayscale O Scenes are automatically
assigned RGB (red, green, and blue) colors by default when

image data with three or more image layers are loaded.
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2.2) Use the Single Layer Grayscale button in the View Settings
dialog to display image layers separately in grayscale.
2.3) To change from RGB to grayscale mode, press the button,
and the first image layer is shown in grayscale mode.
2.4) Step through all loaded image layers by using the Show
Next/Previous Image Layer button or open multiple views for

comparison (Figure 4).

Vo ; .

o 3.8 Sy
Figure 4: Single layer grayscale view with layer 2 (left) and layer 12
(right)

2.5) Three Layers RGB i button displays the first three layers
of your scene in RGB. By default, layer one is assigned to the
red channel, layer two to green, and layer three to blue,
indicated by a small circle in the respective field. You can
change view settings by clicking on a circle (removes circle) or
an empty field (adds circle).

2.6) Show Previous Image Layer = In Grayscale mode, this
button displays the previous image layer. The number and name
of the image layer are indicated in the middle of the status bar.
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In Three Layer Mix, the color composition for the image layers
changes one image layer up for each image layer. For example,
if layers two, three and, four are displayed, the Show Previous
Image Layer Button changes the display to layers one, two, and
three. If the first image layer is reached, the previous image

layer starts again with the last image layer.

2.7) Show Next Image Layer In Grayscale mode, displays
the next image layer down. In Three Layer Mix, the color
composition for the image layers changes one image layer down
for each layer. For example, if layers two, three, and four are
displayed, the Show Next Image Layer Button changes the
display to layers three, four, and five. If the last image layer is

reached, the next image layer begins again with image layer one

(Figure 5).
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2.8) Image Layer Properties and Settings
2.8.1) R-G-B: To define the display color of each image layer,
you can add a circle for the red, green, and blue channels by a
single click for each layer separately. They are then displayed as
additive colors in the View. Any layer without a circle in at least
one column is not shown. When creating a new project, the first
three image layers are displayed in red, green, and blue. You can
change the order of image layers by dragging and dropping
within the Image Layer(s) section (Figure 6).

PRI e p———

Range

Show All
B3 Green
E4: Red
B5:V-Red Edgel
B&: W-red Edge2
B7: Vred Edge3
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BE2A: V-Red Edge
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BS: Water Vapour
B10; SWIR-Cimus
B11: SWIR 1
B12: SWIR 2

Figure 6: View Settings dialog - Image Layer Properties - Show All
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2.8.2) A right-click on image layers opens the context menu
where you can select to Show All or Hide All image layers at
once or Delete and Rename single image layers. You can also
rename an image layer by double click in the view settings
dialog. One layer can be displayed in more than one color, and
more than one layer can be displayed in the same color. Change
these settings to your preferred by clicking in the respective R,
G, or B cell.

2.8.3) Range: For the equalization settings (lower pane of
dialog) manual, false color (hot metal), and false color
(rainbow), you can define the displayed range individually based
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on the Image Layer Equalization dialog for each image layer. To
open the dialog, click on the small dots at the end of the line of
the image layer you want to adjust (details see Equalization and
Image Layer Equalization dialog).

2.8.4) Changing the view settings only changes the visual
display of the image but not the underlying image data — it has
no impact on the Process of image analysis. You can define the
color composition to visualize image layers in the View.
Additionally, you can choose from different equalizing options.
It enables you to visualize the image better and recognize the
visual structures without changing them. You can also choose to
hide layers, which can be very helpful when investigating image
data and results.

Step 3: Lower Pane - Image Layers Global Settings

3.1) By changing the Global Settings in the lower pane - all
settings in the upper pane are overwritten:
a) Background: Click on the square to change the
background color of the image view.
b) Raster mode: Select between Image Data and samples
(rasterized). The View visualizes a rasterized version of
these layers if vector layers or samples in a TTA mask are
loaded. (The rasterized layer is used in segmentation
algorithms).
¢) Equalization: There are several modes for image

equalization stretches. Compare the available methods and
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choose one that gives you the best visualization of the

objects of interest. Equalization settings are stored in the

workspace and applied to all projects within the

workspace or stored in a separate project. In the Options

dialog box, you can define a default equalization setting
(Figure 7).

Image Layers Global Settings
Background o
Raster mode p) Image Data
4 Equalization «¢) Imear v
Saturation factor (%) none
| lgnore Range linear
standard deviation
gamma corection
histogram
manual
| Auto update false color fhot meta|

Figure 7: Image Layers Global Setting, Image Layer Equalization

dialog

3.2) Notice Table 2 for more details on the functionalities of the

Image Layers Global Settings options.

Table 2: The main functionalities of the Image Layers Global
Settings options.

Option Function

None: No equalization allows you to see the scene as it is, which can
be helpful at the beginning of ruleset development when
looking for an approach. The image layer is displayed without
further modification.

Linear: Linear equalization with selectable saturation factor [Range 0-
50]. Default value 1.00%. Displays images with higher
contrast than without image equalization.

Standard This equalization is a default mode. It renders a display
deviation: similar to linear equalization. Use a parameter around 1.0 to
exclude dark and bright outliers [Range 0-10].

Gamma Equalization improves the contrast of dark or bright areas by
correction: | spreading the corresponding gray values [Range 0-5]. Default

factor 0.5.
Histogram: | The histogram equalization increases the contrast of image

layer but can lead to over-stretching. Because intensity values
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are better distributed on the histogram, it can be helpful in
cases where you want to display areas with more contrast.

Manual:

Image Layer Equalization enables you to control equalization
in detail for each layer individually.

False-color
(hot metal):

False-color is recommended for single image layers with large
intensity ranges to display in a color range from black over red
to white. Select either the Range field in the upper pane of the
dialog and insert border values to be displayed. Alternatively,
you can open the Image Layer Equalization dialog with a
single click on the small dots at the end of the column. For
details see also Image Layer Equalization dialog.

False-color
(rainbow):

is recommended for single image layers to display a
visualization in rainbow colors. Here, the regular color range
is converted to a color range between blue for darker pixel
intensity values and red for brighter pixel intensity values.
Select either the Range field in the upper pane of the dialog
and insert border values to be displayed. Alternatively, you
can open the Image Layer Equalization dialog with a single
click on the small dots at the end of the column. For details,
see also Image Layer Equalization dialog.

Ignore
Range:

Activating the Ignore range check-box, you can enter a range
of values that will be ignored when computing the image
statistics for the image equalization. (Only active for
Equalizing modes linear, standard deviation, gamma
correction, and histogram). This option is useful when
displaying e.g., elevation data excluding values and
background areas in visualization. This option is only for
image visualization. No data values can also be assigned when
creating a project see chapter Assigning No-Data Values in
Projects and Workspaces.

Elevation
(3D view):

With point cloud data loaded and the 3D viewer active, image
layers can be activated in the View Settings dialog (upper
pane) and are then visualized as a 2D image in the 3D viewer.
The default elevation for the image layer is the minimum
elevation of all currently displayed point cloud points in the
3D viewer; this corresponds to the lower pane parameter
value: -auto-. Enter a new height value (in the project unit) in
this field to change the elevation.

Auto
update:

This checkbox updates the view with each change of the view
settings on the fly. Clear this checkbox to show the new
settings after clicking Apply only. The Discard and Apply
buttons become active with the Auto-update check box
cleared.

Apply to all
views:

With this checkbox activated, you can apply selected settings
to all views at once.
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3.3) You can easily change image layers' order and aliases in the
Source View dialog (View > Source View). To rename a layer
alias, you can right-click and select rename or press F2 to enter
renaming mode or and double-click on a layer alias.

Step 4: Image Layer Equalization Dialog

4.1) To open the Image Layer Equalization dialog, single click
on the small dots at the end of the line of the image layer you
want to adjust. In this dialog, you can define the input range by
either setting minimum and maximum values or dragging the
borders with the mouse (yellow lines). You can set the

equalization range for each layer individually (Figure 8).

View

Settings
i D

Figure 8: Image Layer Equalization Dialog box
4.2) 1t is also possible to adjust these parameters for all image
layers using the mouse. With the right-hand mouse button held
down in the image view: moving the mouse in a vertical
direction adjusts the center value; moving it in vertical adjusts

the width of the interval.
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4.3) This function must be enabled in: Tools > Options >
Display > Use right-mouse button for adjusting window leveling
> Yes.

4.4) Image equalization is performed after mixing image layers
into a raw RGB (red, green, blue) image. If, as is usual, one
image layer is assigned to each color, the effect is the same as
applying equalization to the individual raw layer gray value
images. Image equalization leads to higher quality results if
more than one image layer is assigned to one screen color (red,
green, or blue). If it is performed after all image layers are

mixed into a raw RGB image (Figure 9).

B4-Red
B5 VNIRI
RE-VNIR?

B7-VNIR3
B&VNIR
B11-SWIR1
B12:SWIR2

City
4.5) You can change the point cloud settings in the upper and

lower pane of the View Settings dialog. You can also show

point cloud layers individually using the respective checkbox of
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a single point cloud layer. Deactivate the Point Clouds checkbox
to hide all point cloud layers in the View or select specific point
clouds to hide. You can change the order of point cloud layers

by dragging and dropping within the Point Clouds section.

4.6) 3D subset selection button ‘ is active on availability
once a point cloud layer is loaded to the project. Select a subset
using the 3D subset selection button. Subsequently, an
additional window is opened where the subset is visualized in
3D (see Navigating in 3D). You can shift the subset when the
left View is active, using the left, right, up, and down arrows of
your keyboard.

4.7) With the 3D viewer active, image layers can be activated in
the View Settings dialog (upper pane) and are then visualized as
a 2D image in the 3D viewer. The default elevation for the
image layer is the minimum elevation of all currently displayed
point cloud points in the 3D viewer (-auto-). Change the
elevation of the image layer by using the parameter in the lower
pane Elevation (3D View) and enter a new height value (in the
project unit). 3D vector layers can be displayed in the 3D
viewer, supporting 2D and 3D points, lines, and polygon

outlines (without fill).

4.8) The Zoom Scene to Window button helps you reset the
observer position and all zoom and rotation steps to default.
With point cloud data loaded, you can open an additional toolbar

View > Toolbars > 3D for more visualization options.
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Step 5: Vector Layer Settings

5.1) You can change the vector layer settings in the upper pane
(individual vector layer settings) and lower pane (global
settings) of the View Settings dialog. You can change the order
of thematic layers by drag and drop. All thematic layers can be
activated and inactivated for display via the Vector Layers
checkbox or individually using the respective checkbox of a
single vector layer.

5.1.1) Upper pane - Individual VVector Layer Properties

» Outline: Select an outline color for vector layers.

> Fill: Choose a fill color for polygons.

» Outline Width: The value for the outline width changes the
thickness of the vector outline for all vector layers. (This value
is saved in the user settings and therefore applied to different
projects.)

» Transparency: Select the transparency for a vector layer
individually.

5.1.2) Lower pane - Vector Layers Global Settings

v’ Background: Click on the square to change the background
color of the image view.

v' Outline Width: The value for the outline width in this lower
pane of the dialog changes the thickness of the vector outline for
all vector layers. (This value is saved in the user settings and
therefore applied to different projects.)

v/ Auto Update: This checkbox updates the view with each

change of the view settings on the fly. Clear this check box to
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show the new settings after clicking Apply only. The Discard
and Apply buttons become active with the Auto-update check
box cleared.

v Apply to all Views: With this checkbox activated, you can
apply selected settings to all views at once.

v" Note that by changing the Global Settings in this lower pane -
all settings in the upper pane are overwritten (Figure 10).

View Settings . ﬂ
OmBEm
= Image Layers R G _ Range
Layer1 . _ uto
Layer2 ) _ auto
Layer3 — auto
DSM I -
DTM I -
nDSM _ auto
= Vector Layers Outline Fill Outline width Transparency
diiPacels [ ] W "
Roads _ No Fi | [ ]
] Trees _ NoF
Vector Layers Global Setiings
Background |:|
Outline width |

Figure 10: Vector Layer Settings for visualization of a vector layer

5.2) The Layer Visibility Flag: It is also possible to change the
visibility of individual layers and maps in the Manage Aliases
for Layers dialog box.

5.2.1) To display the dialog, go to Process > Edit Aliases >
Image Layer Aliases (or Thematic Layer Aliases).

5.2.2) Hide a layer by selecting the alias in the left-hand column
and un-checking the “visible’ checkbox (Figure 11).

201



Mastering Object Based Image Analysis

Manage Aliases for Layers
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Figure 11: Manage Aliases for Layers dialog box
Step 6: Workspace inside eCognition 9.5

Workspaces are at the top of the hierarchical tree and are
essentially containers for projects, allowing you to bundle
several of them together. They are especially useful for handling
complex image analysis tasks where information needs to be
shared.

6-1) How to Create a Workspace:

6.1.1) You can start by creating a new workspace by selecting

New Workspace from the File menu. Also, you may click on the

Create New Workspace icon 3. This workspace will contain
all of our projects.

6.1.2) We'll give our workspace a name, confirm it's in the
appropriate folder, and click OK to create the workspace. Once
we've created a workspace, you'll see that on the left side of the

screen underneath the workspace section (Figure 12).
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Create New Works|

Mame: eCog_Mudvolcans

Folder: C:\Azer-Images'eCognition Lessons\eCog-MudVolcan Project

Workspace path: C:\Azer-Images'\eCognition Lessons\eCog-Mudvolcan Project\eCog_MudVolzans

[ OK ] l Cancel I

Figure 12: Create New Workspace dialog box
6.1.3) Moving over to Windows Explorer, we see a new folder
created with the name of our workspace. In this case,
eCog_MudVolcan project. The folder is a *. DPJ file within that
workspace, which is the workspace file. So once again, when

you create a workspace, it creates a folder and a *.DPJ file

| eCog MudVeleans.dpj \yhich js the workspace file. So once

again, when you create a workspace, it creates a folder

. eCog_MudVolcans gnd g * DPJ file.

6.1.4) Back in eCognition, you can now create your desired

projects by clicking on the Create New Project icon & This
project will be created within your workspace automatically. Or
navigate to the directory containing our data, and we'll begin by
loading our data.

6.1.5) Then, you may start by loading in the image data set
called naip. Ing. Now | paid attention to the metadata, so I'm
going to specify the layer alias names for each of my layers.

Band two corresponds to the blue wavelengths, band three to
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green wavelengths, band four to red, and finally, band four to
near-infrared.

6.1.6) Later, you can repeat this process for the Sentinel 2A data
sets. Don't be confused by the fact that it says import image
layers. It is the term eCognition used for continuous raster data.
Once again, I'm giving these layers meaningful aliases. Aliases
make it easier for me to work with these raster data sets within
eCognition. They also allow me to apply my ruleset to other
data sets, providing the alias names are the same. So this gives
me a tremendous amount of flexibility in developing and sharing
rulesets.

6.1.7) You may load in my mud-volcanoes location data as
shapefile data. So instead of loading it as an image layer, we
load it as a thematic layer. Nevertheless, we're still going to give
it a layer alias. So once again, if we have a separate project that
uses a feature data set similar to this one, our rules set will work
thanks to the alias name. Finally, we're going to give our project
a meaningful name. I'm just going to call it eCog_Mud Volcans
in this case, and then we'll click OK to create the project.

6.1.8) Now that I've created my project, I'll want to save it. | can
go over to my taskbar and click on the Save Project icon.

6-2) Working with the Workspace

6.2.1) We see a new DPR folder in our workspace folder within
Windows Explorer. This DPR folder contains all of the projects
within our workspace. Every time we save a project, it stores its

version number.
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6.2.2) Now that we've created our project, let's explore how
eCognition handles these data sets. First, we will go to Edit
Aliases, Image Layer Aliases (Figure 13) under the Process

menu.
s S O NN

Mins:  SEEVNIRZ

Al Remove Rename “isible

Alias Layer
DEM-ALOS DEMZimg [1]
LB2-Blue LCO8_L1TP_166032_20200512_20200512_
LB3Green LCO8_L1TP_166032_20200512_20200512_
LB4-Red LCO8_L1TP_166032_20200512_20200512_
1 LB5-NIE LCO8_L1TP_166032_20200512_20200512_
LB8-Pan LCO8_L1TP_166032_20200512_20200512_
SE2-Blue T33TUE_20200311T072711_B0Z1if [1]
SE3-Green T33TUE_20200311T072711_B03. [1]
SE4-Red T33TUE_20200311T072711_BO4 .1 [1]
SESVNIR1 T33TUE_20200311T072711_B05.if [1]
SE&-WNIR2 T33TUE_20200311T072711_B03.if [1]

I QK I [ Cancel ]

Figure 13: Manage Aliases Layers dialog box

6.2.3) Manage Aliases Layers dialog box lists all of the data sets
we specified as image layers. So those continuous rasters, the
Landsat 8, Sentinel 2A, and the DEM model, all bands
corresponding to our image data sets. We may see that we have
the alias names and the particular layers corresponding to them.
6.2.4) We can then do the same for our thematic aliases. It will
show the alias we identified for our vector data set of mud-
volcanoes location point data. The layers that we specified as
image layers could be viewed using the Image Layer Mixing
Dialogue.

6.2.5) Clicking on the Edit Image Layer Mixing Dialogue opens

the Image Layer Mixing Dialogue window. We can change the
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layer mixing down below. For this example, we'll move to a
one-layer grey. And then, we'll cycle through all of our layers to
ensure that they're being displayed correctly within eCognition.
6.2.6) To confirm that our thematic data loaded correctly, we
can go to our view settings, and in the view settings dialogue,
change the layer from image data to our thematic point layer.
6.2.7) By right-clicking on your project and choosing to modify
it, you can go in and change the name of your project, add or
remove layers, or view your project setup.

6.2.8) If your project is large, it may be advantageous to
establish a subset of that project when developing your ruleset.
Subsets are smaller versions of your project that contain subsets
of the data. As a result, many of your algorithms, particularly
time-consuming ones such as a segmentation algorithm, will run
significantly faster.

6.2.9) To establish your subset, click on the subset tool, draw a
rectangle around an interesting area you'd like to subset, then
right-click and choose Save Subset to Workspace. This action
will save the subset as a new project within your workspace. It
will retain all the data and layers of the original project, only for
the smaller subset section that you selected.

6.2.10) You can establish multiple subsets from a single project.
For example, the first subset | establish would be good for
testing a building algorithm, but the second would be great for
testing out a water extraction algorithm. Once you've created

your subsets, you can double-click on them to view them and
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then click on the Save Project icon to ensure they save in the
workspace.

6.2.11) Moving over to Windows Explorer, we see that our
subsets save as new project files within the DPR folder, located
within our workspace demo folder.

Step 7: Creating an Initial Project

7.1) To create a simple project — one without thematic layers,
metadata, or scaling (geocoding is detected automatically) — go

to File> Load Image File in the main menu (Figure 14).

C:\Azer Images eCogaton Lessons eC 220200311 THOATAT ... [ ok Concel

Figure 14: Load "Image File dialog box" for a simple project, with
recursive file display, selected

7.2) Load Image File (along with Open Project, Open
Workspace, and Load Ruleset) uses a customized dialog box.
Selecting a drive displays sub-folders in the adjacent pane; the
dialog will display the parent folder and the subfolder.

7.3) Clicking on a sub-folder then displays all the recognized
file types within it (this is the default.
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7.4) You can filter file names or file types using the File Name
field. To combine different conditions, separate them with a
semicolon (for example *.tif; *.las). The File Type drop-down
list lets you select from a range of predefined file types. The
buttons at the top of the dialog box let you easily navigate

between folders. Pressing the Home button returns you to the

root file system 62| B

7.5) There are three additional buttons available. The Add to
Favorites button on the left lets you add a shortcut to the left-
hand pane, listed under the Favorites heading. The second
button, Restore Layouts, tidy up the display in the dialog box.
The third, Search Subfolders, additionally displays the contents
of any subfolders within a folder. By holding down Ctrl or Shift,
you can select more than one folder. Files can be sorted by
name, size, and by date modified. In the "Load Image File"
dialog box, you can:

7.5.1) Select multiple files by holding down the Shift or Ctrl
keys, as long as they have the same number of dimensions.
7.5.2) Access a list of recently accessed folders displayed in the
Go to Folder drop-down list. You can also paste a file path into
this field (updating the folder buttons at the top of the dialog
box).

Step 8: Creating a Project with Predefined Settings

8.1) When you create a new project, the software generates a

main map representing the image data of a scene. You select
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image layers and optional data sources like thematic layers or
metadata for loading to a new project to prepare this. You can
rearrange the image layers, select a subset of the image or
modify the project default settings. In addition, you can add
metadata.

8.2) An image file contains one or more image layers. For
example, an RGB image file contains three image layers, which
are displayed through the Red, Green, and Blue channels
(layers).

8.3) Open the Create Project dialog box by going to File> New
Project (for more detailed information on creating a project,
refer to The Create Project Dialog Box). The Import Image
Layers dialog box opens. Select the image data you wish to
import, then press the Open button to display the Create Project
dialog box.

8.3.1) Opening certain file formats or structures requires
selecting the correct driver in the File Type drop-down list.
8.3.2) Then, select from the main File in the files area. If you
select a repository file (archive file), another Import Image
Layers dialog box opens, where you can select from the
contained files. Press Open to display the Create Project dialog
box.

8.3.3) The Create Project Dialog Box looks like Figure 15.
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Figure 15: Create Project dialog box
8.4) The Create Project dialog box gives you several options.
We can edit these options at any time by selecting File> Modify
Open Project:
8.4.1) Change the name of your project in the Project Name
field. The Map selection is not active here but can be changed in
the Modify Project dialog box after project creation is finished.
8.4.2) If you load two-dimensional image data, you can define a
subset using the Subset Selection button (Figure 16).
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Subset
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[7]Use geocading for subset
] Store subset in own file(s)

Figure 16: The Subset Selection dialog box

8.4.3) If the complete scene to be analyzed is relatively large,

subset selection enables you to work on a smaller area to save

processing time (Figure 17).

3 —

Figure 17: A subsetted project for a smaller Qobustan area
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8.4.4) If you want to rescale the scene during import, edit the
scale factor in the text box corresponding to the scaling method
used: resolution (m/pxl), magnification (x), percent (%), or
pixel.

8.4.5) To use the geocoding information from an image file to
be imported, select the Use Geocoding checkbox.

8.4.6) For feature calculations, value display, and export, you
can edit the Pixels Size (Unit). If you keep the default (auto), the
unit conversion is applied according to the coordinate system of
the image data.

8.4.7) If geocoding information is included, the pixel size equals
the resolution. In other cases, pixel size is 1.

8.5) In special cases, you may want to ignore the unit
information from the included geocoding information. To do so,
deactivate Initialize Unit Conversion from the Input File item in
Tools > Options in the main menu

8.6) The Image Layer pane allows you to insert, remove and edit
image layers. The order of layers can be changed using the up
and down arrows — If you use multi-dimensional image data
sets, you can check and edit multi-dimensional map parameters.
You can set the number, the distance, and the starting item for
both slices and frames.

8.6.1) If you load two-dimensional image data, you can set the
value of those pixels that are not to be analyzed. Select an image
layer and click the No Data button to open the Assign No Data

Values dialog box.
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8.6.2) If you import image layers of different sizes, the largest
image layer dimensions determine the scene's size. When
importing without geocoding, the smaller image layers keep
their size if the Enforce Fitting check box is cleared.

8.6.3) Select the Enforce Fitting checkbox to stretch the smaller
image layers to the scene size.

8.6.4) Thematic layers can be inserted, removed, and edited
similarly to image layers. If not done automatically, you can
load Metadata source files to make them available within the
map.

Step 9: Setting the Geocoding

9.1) Geocoding is the assignment of positioning marks in
images by coordinates. In earth sciences, position marks serve as
geographic identifiers. But geocoding is helpful for life sciences
image analysis too. Typical examples include working with
subsets, multiple magnifications, or thematic layers to transfer
image analysis results.

9.2) Typically, available geocoding information is automatically
detected: if not, you can enter coordinates manually. Images
without geocodes automatically create a virtual coordinate
system with a value of 0/0 at the upper left and a unit of 1 pixel.
For such images, geocoding represents the pixel coordinates
instead of geographic coordinates. The Layer Properties dialog

box allows you to edit the geocoding information Figure 18).
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Layer Properties - — &I_J&
Layer Alias
SB2-Blue|
Geocoding
Lower left = 300000
Lower ety 43390200 I
Fixel size 10 I

Geocoding [
Multidimensional Map Parameters
MNumber of slices 1 Calc
Slice distance 1 |

| Slice start 1]
| MNumber of frames 1 Calc

Frame distance 1

Frame start 0

[ 0K ] | Cancel |

Figure 18: Layer Properties dialog box

9.3) The software cannot re-project image layers or thematic
layers. Therefore all image layers must belong to the same
coordinate system to be read properly. If the coordinate system
is supported, geographic coordinates from inserted files are
detected automatically. If the information is not included in the
image file but is nevertheless available, you can edit it manually.
9.4) After importing a layer in the Create New Project or
Modify Existing Project dialog boxes, double-click on a layer to
open the Layer Properties dialog box. To edit geocoding
information, select the Geocoding check box. You can edit the
following:

e X coordinate of the lower-left corner of the image

e y coordinate of the lower-left corner of the image

o Pixel size defining the geometric resolution
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9.5) More Options To Apply

9.5.1) The Assign No Data Values Dialog Box: No-data values
can only be assigned to scenes with two dimensions. It allows
you to set the value of pixels that are not analyzed. You can
apply only no-data-value definitions to maps that have not yet
been analyzed.

9.5.2) Importing Image Layers of Different Scales: You can
insert images and thematic layers with different resolutions
(scales) into a map. They need not have the same number of
columns and rows. To combine image layers of different
resolutions (scales), the images with the lower resolution —
having a larger pixel size — are resampled to the smallest pixel
size. If the layers have the same size and geographical position,
then geocoding is not necessary for the resampling of images.
9.5.3) Editing Multidimensional Map Parameters: When
creating a new map, you can check and edit parameters of multi-
dimensional maps that represent time series. Typically, these
parameters are taken automatically from the image data set, and
this display is for checking only. However, you may want to
change the number, distance, and frames' starting item in special
cases.

9.5.4) Multisource Data Fusion: If the loaded image files are
geo-referenced to one single coordinate system, you can insert
image layers and thematic layers with different geographical
coverage, size, or resolution. It means that you can

simultaneously use image data and thematic data of various
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origins. It can bring the different information channels into a
genuine relationship.

Sum Up:

eCognition version 9.5 is such powerful software that it is
challenging to summarize all of its advantages and benefits
within one tutorial. But in the current tutorial, we tried to
introduce some of its main structure and functionalities before
you can start working through specific tasks learning how to
apply the main approaches step-by-step in the following
tutorials.

Likewise, we believe that workspaces are at the top of the
hierarchical tree and are essentially containers for projects,
allowing you to bundle several of them together. They are
especially useful for handling complex image analysis tasks

where you must process high-resolution satellite imagery.
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Informative Practices

Tips:

1) Any Workspace is a safe house for eCognition projects.

2) The image file and the associated data within a scene can be
independent of eCognition software (although this is not
always true).

3) You can fuse (combine) Sentinel-2 data and other sensor data to enhance
your reachers approaches.

Workouts:

1) Create a workspace and place two different subsetted projects
inside it.

2) Load Image bands for the project as you created and then
change image layers differently.

3) Clarify the difference between Sentinel 2a and 2b.

Quizzes:
1) What does this group of buttons allow you to do?
02 @
2) After the workspace is created, what to do next?
3) How many Sentinel-2 satellites are there in space?
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Tutorial 3

Examining The Image Segmentation Algorithms

sets of related pixels, also prized as image objects
Opening Statement:

In the current tutorial, you first become acquainted with the
other way of accessing the Sentinel-2 imagery adjusted to the
northwest of Azerbaijan, around the Mingachevir Dam. Then,
you will learn how to segment such imagery in different ways
inside the eCognition software, which advances a new, object-
oriented approach to image analysis. In contrast to traditional
image processing methods, the basic processing units of OBIA
are image objects or segments and not single pixels. Even the
classification acts on image objects. For this reason, one
motivation for the object-oriented approach is that the expected
result of many image analysis tasks is the extraction of real-
world objects, proper in shape and proper in classification.
Instructive Memo:

v Level: Intermediate
v Time: This unit should not take you more than 1.5 hours.
v Software: eCognition Developer version 9.5.
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v' Data Sources: Sentinel-2, L1C_L1C T38TPL_A030262_
20210408T074154.tif.
v Subject Scene: Mingachevir Dam, Azerbaijan.
Tutor Objectives:
By the end of this unit, you should:
+ Be able to access the Sentinel-2 Images through the GLOVIS
website.
+ Be able to apply each of the segmentation techniques
available with eCognition Developer to an image.
+ Be aware of the difference between the various segmentation

algorithms and the types of objects (size and shape) they

produce.

Background Concepts:

Segmentation is defined as the partitioning of an image
into image objects; in a way, an image object is a group of
connected pixels in a scene. Segmentation means grouping
neighboring pixels into regions (or segments) based on
similarity criteria (digital number, texture). Image objects in
remotely sensed imagery are often homogenous and can be
delineated by segmentation. It is always the first step of any
process within eCognition Developer as it generates the image
objects on which the classification process will be performed.
The important part is for the segmentation process to identify
objects that represent the features you wish to classify and are
distinct in terms of the features available within eCognition
(e.g., spectral values, shape, and texture). You could capture the
data sources from Sentinel-2 imagery, adjusted for the around

Mingachevir Dam. Mingachevir is the fourth-largest city in
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Azerbaijan, with about 110,000. It's often called the "city of
lights” because of its hydroelectric power station on the Kur
River, which divides the city down the middle (Figure 1).

Saki

To L"),'.'
Samkir ~~_

"X £ Mingacevir

Figure 1: The selected subject Scene, the Mingachevir Lake

The Mingachevir Dam (Hydro Power Station) is an earth-fill
embankment dam on  the Kura  River  north
of Mingachevir in Azerbaijan.

Mastering The Skills:

In image segmentation, the expectation is, in many cases, to
automatically extract the desired objects of interest in an image
for a certain task. However, this expectation ignores the
considerable semantic multitude that in most cases needs to be
handled to achieve this result successfully, or it leads to the
development of highly specified algorithms applicable to only a

reduced class of problems and image data.
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Step 1: The Sentinel-2 Images From GLOVIS

1.1) Registration and Login

GloVis utilizes the USGS EROS Registration System (ERS) and
can be accessed with existing GloVis or Earth
Explorer credentials.

1.1.1) The ERS Help Document has step-by-step instructions
on the registration process. To set up new credentials, click
Create New Account to register.

1.1.2) Select Login on the top toolbar. Enter your username
and password and then click Sign In to access all features of
GloVis (Figure 2).

Page Expires In 1:56:05 &

Home TakeTour Release Notes FAQ Preferences Feedback [0GOUT [Rasuly] Help

interface Controls (12) Selected Scenes (1) (1-6)

Choose Your Data Set(s)

() Lendsat45THCY Level-10
Q) Landsat 7 ETH+ C1 Level10

() Landsat 8 OLITIRS C1 Level-1 @

Q@ ortview30 E
Q) seniinel20 20
591 soenes malch your crteria

(13)

Q) SRT™M Void Filed ©

Metadata Filter

dd/mm/yyyy 0| to |dd/mmiyyyy o 4 by

Cloud Cover

Months
Jan
Feb
Mar
Apr

Sentinel-2(1¢_t2m

(14)

Figure 2: USGS Glovis site, the entrance Hub B

1.2) Select Data Set(s) and Apply Filters
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Navigate GloVis by using the Interface Controls panel on the
left side of the screen. This panel provides options to set up a
data search.

1.2.1) Choose Your Data Set(s). To begin, select a data set from

the Choose Your Data Set menu. Toggle the data set on (

O sentinel-2y 1o activate and save the selection. The total
number of available scenes is listed below the data set name,
and the map view shows a coverage map to indicate data

availability. The coverage map for each data set is a different

color (:g ). You can turn off the coverage map by clicking the
icon.

1.2.2) Metadata Filter: The Metadata Filter provides options
that narrow search results. Update one or more filters, then click
Apply to save all selections and view the matching scenes.

a) You can Filter data temporally by Date Range using
mm/dd/yyyy to mm/dd/yyyy.

b) Enter a Cloud Cover range to narrow the results based on
the percentage (0-100%) of the scene covered by clouds.
Leave this filter empty for data sets that do not report
cloud cover, such as GLS.

c) Select Months to further limit search results to scenes
acquired during a portion of the year. Hold down the Shift
or Ctrl keys to select more than one month while selecting
additional rows.

1.2.3) Click the triangle (': A:') in the upper right of the header
to collapse the menu.
1.3) Define Area of Interest

The next step is to define the geographic area of interest.
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1.3.1) To select a location, click and drag the map to pan and

scroll to zoom into your area of interest. Then, utilize the Jump

To... menu (¥ ™) in the upper right of the map. As the zoom

function is activated, the display shows browse images that

intersect the Map Center Point crosshair (Q) in the center of
the viewport. To see data behind the Interface Controls, click
the triangle in the upper right of that panel to collapse the panel.
As the mouse moves across the map, the coordinates are

displayed in decimal degrees in the upper right portion of the

map view area. You can enable the Full Screen (", ) mode to
view the map in Full-Screen mode.

a) Pan and Zoom: Use the mouse scroll wheel or the +/-
controls in the upper right corner of the map view to activate the
browse imagery display or enlarge the browse images. The
zoom level required to activate to browse images depends on
scene size and varies by data set.

b) Pan to adjacent areas by clicking and dragging the map. The
data sets automatically refresh if the zoom level allows imagery
to display.

v

right of the map field, provides the opportunity to use Current
Location, Latitude/Longitude, or WRS Path/Row to select a

¢) Jump To... Options ( * ): The Jump To... menu, in the upper

location. The Current Location shifts the center point of the map
to the current physical browser location once the browser shares

the current location with the GloVis site.
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d) As the area of interest is modified, each data set updates the
count of scenes that match.

To indicate data availability, you can toggle on the "browse

level coverage map icon" ( @).

1.4) Scene Navigation and Selection

The Scene Navigator panel appears near the lower right portion
of the screen when browse images are loaded.

1.4.1) The Scene Navigator shows the Data Set, Entity 1D, and
Acquisition date of the most recent scene. The current scene is
depicted with a red outline and is displayed on top of all other
browse images. For the visually impaired, You can change the
outline's color in the Map Preferences section of the Preferences
menu.

1.4.2) Scenes are arranged by acquisition date. The Previous
button selects and highlights the next most recent scene. Use
the Previous and Next buttons to scroll through the results. The
display uses a rolling display of browse images closest to the
acquisition date of the current scene.

1.4.3) The Select button adds a scene to the Selected Scenes list
just below the black toolbar across the top of the map view.
Once a scene has been selected, click Unselect to remove it from

the Selected Scenes.
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1.5) Scene Navigator Controls
The Scene Navigator panel also includes icons to Share Scene,
View Metadata, Download Scene, and Hide Scene. Login is

required for downloading.

1.5.1) Share Scene (‘:): The Share Scene icon opens a menu
with options for Scene Summary, Metadata XML, and Reduced

Resolution Browse (Figure 3).

Share Scene ®
L1C_T38TPL_A030262_20210408T074154
——
= adh
Scene Summary IMetadata XML Reduced Resolution Browse

Figure 3: Share Scene Summary dialog box
1.5.2) Scene Summary opens a new browser tab that shows the
browse image, links to download available products, full
metadata for the current scene, and links to order products
(WMS On-Demand and Bulk Download) options are available.
Metadata XML opens a new tab with the scene XML metadata.
And Reduced Resolution Browse opens a new tab with a larger

browse image.

1.5.3) View Metadata ('ﬁ): Click the View Metadata icon to
display the full metadata for the current scene. The data set

attributes are displayed in table format (Figure 4).
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Scene Metadata

Value
Entity ID L1C_T38TPL_A030262_20210408T074154
Acquisition Start 2021-04-08T07 41:54 8092
Acquisition End 2021-04-08T08:00:40 4347
Tile Number T38TPL
Cloud Cover 0.00000
Agency ESA
Platform SENTINEL-2A
Vendor VGS4
Vendor Tile ID L1C_T38TPL_AD30262_20210408T074154
Orbit Number 92
Orbit Direction Descending Orbit
Vendor Software 03.00
Version
Production Date 2021-04-08T09-11:12 0000002

Vendor Product ID S2A_MSIL1C_20210408T073611_N0300_R092_T38TPL_20210408T091112

Archiving Center VGS4

Datatake Type INS-NOBS

Datatake kientifier | GS2A_20210408T073611_030262_N03.00
Data Type UINT15

Product Type s2MsiC

Product Format JPEG2000

Processing Level | LEVEL-1C

Datastrip ID S2A_OPER_MSI_L1C_DS_VGS4_20210408T091112_S20210408T074154_N03.00
Datum WGSES

Map Projection utm

UTM Zone 38N

EPSG Code 32632

Resolution 10, 20, 60

Units METER

Figure 4: display the full metadata for the current scene

1.5.4) Download Scene ("t): Click the Download Scene icon to
see download options for the current scene. Click Download for
the desired product to download the data. Download options

and products vary by data set.

1.5.5) Hide Scene (): Click the Hide Scene icon to hide the
current scene from the list and remove it from the map. The
number of Hidden scenes is indicated by a counter next to the
data set name in the Interface Controls panel. Click on the
counter to clear hidden scenes to make them available for

display again.

227



Mastering Object Based Image Analysis SECTION TWO

1.6) Scene List

Go to Selected Scenes at the top of the map view to view the
scene list created by selecting scenes in the Scene Navigator
panel (Figure 5).

| Selected Scenes (1) -

|

(1] Show Footprints & Bulk Download Scenes ™ Order Scenes = Export Scene List & Import Scenes

! @ Clear Scenes

Sentinel-2

S2A_OPER_MSI_L1C_TL_EPA___ B |0 @

Figure 5: Selected Scenes dialog box
1.6.1) Individual Scene Controls: The scene list shows each
scene's data set and entity ID. Individual Scene Controls include

Show Metadata (-E ), Download Scene ('t"ﬁ ), Order Scene (

= ), or Show Footprint ([ZZI ). Download and Order options
vary by data set.

1.6.2) Scene List Controls: The selected scenes panel allows
users to Show All Footprints, Export Scene ID List, Import
Scene List, or Clear All Scenes.

Download Options

DOWNLOAD | L1C Tile in JPEG2000 format (731.26 ME)

DOWNLOAD Full Resolution Browse in GeoTIFF format (4.60 MB)

Figure 6: Sentinel 2A format, Download Options dialog
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1.6.3) Download and Order options vary by data set (Figure 6).
The Export Scene List and Import Scene List are functions of
GloVis only.

Step 2: Set up a Project

As with all work within eCognition Developer, the first step is
to create a project containing all the datasets required for the
study.

2.1) Your targeted project should have the same parameters as
that shown in these steps in the previous tutorials.

2.2) Figure 7 shows the current tutorial selected area, part of the

Mingachevir area, Azerbaijan, inside the eCognition project.

g

Figure 7: setting up the Mingachevir area inside the eCognition
Project
2.3) Please note the order in which the image bands have been

loaded, i.e., the high-resolution bands (blue, green, or red) first,
as this will decide the project's image resolution. In case the 20
m multispectral of Sentinel-2 channels are resampled to the 10
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m of the first data. Once you have matched your project window
select OK and create your project.

2.4) Although it is important to keep an eye on the size of the
images you are creating, a project with an eCognition Developer
can become very slow with very large datasets due to the
number of objects generated during the segmentation process.
Step 3: Display Imagery

3.1) Doing these exercises, we recommended you subset a small
part of the Sentinel-2 imagery.

3.2) For the multispectral false-color image, use the band
combination B2-Blue, B3-Green, B4-Red, B7-VNIR, and B11-

SWIR components, as is illustrated in Figure 8.

View Settings
S ONEE )

. . )
nage Lyers Getel Setings o Mingachevir Dam

v Auto update
v Applyto allviews

D P 9

Figure 8: The layer mixing properties for the subsetted image

3.3) You need to set the eCognition interface with the project
and display parameters defined. For more details, read previous

tutorials.
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Step 4: Setup your Process Tree

The Process Tree (i‘h) will contain the script you produce to

control the processes (algorithms) that run and the order in

which they are executed. To insert a process:

4.1) Right-click within the process tree window, and the

following menu will appear (Figure 9).

EZ)

Figure 9: Process tree context menu

4.2) Select 'Append
appear (Figure 10).

Edit... Ctrl+ Enter

Execute F5

Append Mew Chrl=A

Insert Child Ctri=1

Copy

Go To..

Load Rule Set...
Save Rule Set

Save Rule Set As...
Delete Rule Set
Rule Set Properties...

Save As..

Delete

Active
Breakpoint F9

Update Wiew

New," and the Edit Process dialog will
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Figure 10: The Edit Process dialog box, a basic outline for the
segmentation processes
4.3) The Edit Process dialog box would be the main

segmentation process. You can put several underset
segmentations processes by selecting the Insert Child option. In
addition, you may like to arrange other algorithm arrangements
in the Template Process Tree before or after segmentation
processes, as you notice in Figurell.

Process Tree v 1 x

B~ = Segmentation Processes
----- = Multiresolution Segmentation
..... = (Quadtree Segmentation
: Chesshoard Segmentation
Classification
; Merging
i..w Exporting

Main

Figure 11: Template Process Tree, a suggested arrangement
4.4) It is important to keep the scripts that you produce during
your segmentation procedures as organized as possible. It will

allow you to understand what you have done when you come
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back to it. With this in mind, Figure 11 contains a template you
may aim to adhere to during your exercises.

Step 5: Examples of Segmentation Algorithms

5.1) Starting with Multiresolution Segmentation

5.1) The first and most general segmentation technique available
within eCognition Developer is multiresolution segmentation.
To insert this algorithm within your Process Tree, right-click on
your 'Segmentation’ process in the template you previously
entered and select 'Insert Child.'

5.2) Select the algorithm as 'multiresolution Segmentation
within the created dialog box. If this algorithm is not available,
scroll to the bottom of the list, select more, and move the
algorithms you wish to have in the list to the right-hand column.
It should now present you with the dialog box shown in Figure
12.

Figure 12: Edit Process dialog box, adjusted for the multiresolution
segmentation algorithm
5-3) Table 1 briefly describes the parameters available for this

segmentation algorithm. The 'Edit Process' dialog is made up of
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elements. Each of which will become clear as you move through

the notes:

Table 1: An overview of parameters for segmentation

Parameter

Function Description

a) Name:

The name of the process and can either be manually
entered or automatically provided by the software.
A good convention is to manually edit the name
where nothing else is changed within the process.
Otherwise, use the automatic function. The note
icon allows a comment to be written about the
process.

b) Algorithm:

The algorithm to execute. This drop-down menu
allows you to select the algorithm you wish to
execute; there is an extensive list of algorithms that
it will use during these units.

c) Image Object
Domain:

The image object domain defines the object(s) that
will execute the algorithm. The drop-down box and
‘Parameter' box allow the level to be selected. The
following button (‘all objects’) allows a class(es) to
be defined, while the final button ('no condition’)
allows a rule to be used, for example, area > 20 m?.

d) Loops & Cycles:

It is possible to allow a process to form a loop,
often in the form of a while loop, and the tick box
allows this to be selected .

e) Algorithm A simple description of the algorithm you are
Description: using.

f) Algorithm These are the parameters associated with an
Parameters: algorithm that you could select, such as the name of

the level in the hierarchy created by the
segmentation algorithm.

g) Segmentation
Settings:

Increases the weighting of the layer when
calculating the heterogeneity measure used to
decide whether pixels/objects are merged. Zero
ignores layer. Scale parameter controls the amount
of spectral variation within objects and their
resultant size with no unit. Suppose any thematic
layers are available. Thematic Layer Usage allows
thematic layers to be turned on and off individually
for use within the segmentation process.

h) Composition of

homogeneity criterion:

Shape

Shape factor acts as a weighting between the
object's shape and its spectral color whereby if 0.
Only color is considered, whereas if > 0, the
object's shape and the color are considered, and,
therefore, fewer fractal boundaries are produced.
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The higher the value, the more that shape is
considered. Compactness is a weighting factor for
representing the compactness of the objects formed
during the segmentation process.

5.4) To run the segmentation process, leave the parameters at
their default values (as it is shown in Figure ?) and click
execute. It is recommended that you give your level a proper
name. A common level name convention is to number them,
starting with Level 1. Once you are happy with the parameters
and have executed the process, you should have completed your
first segmentation.

5.5) The multiresolution segmentation creates objects using an
iterative algorithm, whereby objects (starting with individual
pixels) are grouped until a threshold representing the upper
object variance is reached. The variance threshold (scale
parameter) is weighted with shape parameters (with separation
of shape and compactness parameters) to minimize the fractal
borders of the objects. By increasing the variance threshold,
larger objects will be created, although their exact size and
dimensions are dependent on the underlying data.

5.6) Once the segmentation is executed, select the 'Show or Hide

Outlines' icon (Eg ), and the outlines of the objects (segments)
created will be displayed over the image. Make sure you have
the cursor in the 'cursor mode' rather than the' zoom mode,'
select the objects (with either the outlines turned on or off) in

turn. Using the 'Image Object Information' window, you will see
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the values for features associated with the selected object.
Examples of a few segmented samples are shown in Table 2.
Table 2: Image objects created by Multiresolution Segmentation for

different sampled sites (see Figure 8).

Sampled Segmented Samples Image Objects

Sites Created

N enel =0 image objects well-
adapted to the river
path, a small lake and
traditional agricultural

(@) fields.

image objects well-
adapted to the
traditional and modern
agricultural fields.

(b)

image objects well-
adapted to a small salty
lake and non-vegetated
areas around.

(©)

image objects well-
adapted to the
Mingachevir Dam
water surface and
downstream channels

(d)
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5.7) In Table 2, image objects created by Multiresolution
Segmentation algorithm for part of modern irrigated agricultural
fields located in the southwest of the Mingachevir Dam.

Step 6: Streaming Other Segmentation Processes

By spending approximately 30 minutes experimenting with
different segmentation and input parameters, you will observe
the differences in the images objects created. A few examples
are given as follow:

6.1) Quadtree-based Segmentation

A Quadtree segmentation creates regular square objects, where
the wvariation of the object defines the size. Unlike
multiresolution segmentation, the objects are created by dividing
larger objects until the resultant objects are all within the upper
boundary of allowed variation. As with the multiresolution
segmentation, the variation at which a final object is defined
using a scale parameter.

6.1.1) To create a quadtree segmentation, follow the same

procedure used in Figure 13.
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Edit Process

Name

do

Agoritm

fuadtree based segmentation

Loops & Cydes
¥ Loop while something changes only

Number of cycles 1

Figure 13: The Edit Process dialog box,

segmentation

o an image object domain into a quad tree grid formed by square objects.

Ok

SECTION TWO

o =

FRFRFFRRF

Cancel Help

Quadtree based

6.1.2) A scale factor of 20-60 is recommended for the

segmentation, although others might be more appropriate. Try

several scale factors for representing different landcover types

(Figure 14).

Figure 14: The Quadtree segmentation resulted for the part of the

Mingachevir Lake
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6.2) Chessboard Segmentation

A chessboard segmentation is the simplest segmentation
available as it just splits the image into square objects with a
size predefined by the user. The segmentation does not consider
the underlying data, and therefore when large objects are
created. It will not delineate the features within the data you are
trying to classify.

6.2.1) To start a Chesshoard segmentation, right-click on the
associated item inside the Process Tree and select the Edit
option.

6.2.2) When the Edit Process dialog box opens, set up all
parameters as Figure 15.

X
Edit Process ?

Name Agorithm Description

1 Split the pixel domain or an image object domain into square image objects
i Automatic

chess board: 10 creating 'Level-2' Agorthm parameters

o Parameter Value

Object Size 10

Level Name Level-2

Qverwrite exsting level No
Thematic Layer usage

Domain
pixel level
Parameter Value

Condtion =
Map From Parent

Loops & Cycles
] Loop while something changes only

Number of cycles 1

Ok Cancel Help

Figure 15: The Edit Process dialog box, Quadtree based
segmentation
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6.2.3) This type of segmentation tends to be used in more
advanced processes where segmentation is undertaken in several

steps combined with a classification (Figure 16).

réir

Figure 16: The chessoard segmentation result
6.2.4) To perform a default chessboard segmentation, set up the
process the same way as the multiresolution and Quadtree
Segmentation, but selecting the chessboard segmentation
algorithm. To begin with, use a value of 10 for the Segmentation
that generates objects of 10x 10 pixels and then progressively
increase or decrease this value. Notice, in each case, how the
boundaries and spectral information of the underlying data are
ignored.

6.2.5) Inside the eCognition 9.5, you could experience more
segmentation algorithms to create an adjusted segmentation for
your data and aims. For some of the segmentation algorithms'
descriptions and uses are given in Table 3.
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Table 3: More dissimilar segmentation methods available inside the

eCognition 9.5

Segmentation
Type

Description

Uses

This algorithm aims to split
bright and dark objects using a

The algorithm aims to
optimize this separation by

Contrast Split | threshold that maximizes the | considering different pixel
Segmentation | contrast been the resulting | values within the range
bright objects (consisting of | provided by the  user
pixel ~values above the | parameters, with  values
thresholds) and dark objects | selected based on the inputted
(consisting of pixel values | step size and stepping
below the threshold). To | parameter.
execute this algorithm, you
will need to create two classes,
one for the bright and one for
the dark.
is a merging algorithm that | To use this segmentation

Spectral
Difference
Segmentation

will merge  neighboring
objects with a spectral mean
below the threshold given to
produce the final objects.

algorithm, you must already
have segmentation (level) in
place. You cannot create a
new level using this
algorithm.

Contrast
Filter
Segmentation

The contrast filter
segmentation uses a
combination of  two-pixel
filters to create a thematic
raster layer, with the values no
object, objects in the first layer

(filter response 1), an object in

the second layer (filter
response 2), object in both
layers and ignored by
threshold.

As with the previous simple
exercises, experiment with
this algorithm to segment the
image provided. Although, as
you will see, this algorithm
does not produce results on
par with the other algorithms
outlined in this unit for the
image subset provided.

Multi-
Threshold
Segmentation

Multi-Threshold segmentation
splits the domain based on
pixel values. This kind of
segmentation creates image
objects and classifies them
based on user-created
thresholds. It can also create
unclassified image objects
based on pixel values
thresholds.

Combining the automatic
threshold algorithm with
multi-threshold segmentation
allows you to create fully
automated and adaptive image
analysis algorithms based on
threshold segmentation. A
manual definition of fixed
thresholds is not necessary.
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Step 7: Information from Image Objects

7.1) Image Object Information Window

image objects consist of spectral, shape, and hierarchical
elements. If required, these objects' information could be
extracted using the Image Object Information window and
Feature View Window inside the eCognition 9.5.

7.1.1) To get information on a specific image object, click on an
image in the map view (some features are listed by default).
7.1.2) To add or remove features, right-click the Image Object
Information window and choose the "Select Features to
Display.” The Select Displayed Features dialog box opens,
allowing you to select a feature of interest.

7.1.3) If the Object Features are not listed in the "Available
Search Feature list (on the left side of the "Select Displayed
Features"), dabble-click on the "Create new Mean" to show the

Create Mean dialog box (Figure 17).

_ x

Parameter Value

Layer
B11-SWIR
B12-SWIR
B2-Blue
B3-Green
B4-Red
B5-VNIR
BE-VNIR
B7-VNIR

Layer BE-VNIR

Layer B8a-VNIR

Cancel

Figure 17: The Create Mean dialog box
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7.1.4) Then, from the Value list, select bands or features to add
them to the Selected Search Feature on the right side of the
Select displaced Features list. Remember that you can even add
some of Geometry, such as Area and Number of pixels, to the
mean values list.

7.1.5) The selected feature values are displayed in the map view.
To compare single image objects, click another image object in
the map view, and the displayed feature values are updated
(Figure 18).

=y

Image Object Information

Feature Value

Layer values Mean !
B2-Blue 1152.2697337 o
B3-Green 1058.6479419
B4-Red 5413384988
BS5-VNIR 9321912833
B6-VNIR 7498537530
B7-VNIR 778.4082324
BE-VNIR 647.0058111
B8a-VNIR 555.1661017
B11-SWIR 2436213075
B12-SWIR 173.5777240

Geometry Extent
Area 2065 Pxl
HNumber of pixels 2065

res | Classification  Class Evaluation

SIS EEN,
(S E S AR
Figure 18: The Image Object Information window and associated
information on segmented objects
7.1.6) Double-click a feature to display it in the map view; click

it in the map view a second time to deselect a selected image
object. If the processing for image object information takes too
long, or if you want to cancel the processing for any reason, you
can use the Cancel button in the status bar. For more details,
refer to the previous tutorials.
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7.2) Feature View Window

Image objects have spectral, shape, and hierarchical
characteristics and these features are used as sources of
information to define the inclusion-or-exclusion parameters used
to classify image objects.

7.2.1) There are two major types of features. First, the Object
features are attributes of image objects (for example, the area of
an image object). And Global features that are not connected to
an individual image object (for example, the number of image
objects of a certain class).

7.2.2) Available features are sorted in the feature tree, displayed
in the Feature View window (Figure ?). It is open by default but
can also be selected via Tools > Feature View or View > Feature
View.

7.2.3) To set mean ranges for each select band, right-click on
and select the Update Range (Figure 19). By arranging the mean
values, it is possible to find out thresholds values for each

feature.
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B Feature View
Search Feature
=~ = Mean
= Create new 'Mean'
£ B11-SWIR
£ B12-SWIR
2 B2-Blue
B B3-Green
- B4-Red
£ B5-VNIR
£ B6-VNIR
£ B7-VNIR
- B8-VNIR
- B8a-VNIR
fE Brightness
EZ Max. diff.
7= Mode
@~ ® Quantile
@~ = Standard deviation

70252 | « » [444734

Sum Up:

You could use segmentation algorithms to subdivide entire
images at a pixel level or specific image objects from other
domains into smaller image objects. eCognition 9.5 software
provides several diverse approaches to Segmentation. It may
range from very simple algorithms, such as Chessboard and
Quadtree-based Segmentation, to highly sophisticated methods
such as Multiresolution Segmentation  Multi-Threshold
Segmentation algorithms. Those are required to create new
image object levels based on image layer information. But they
are also a valuable tool to refine existing image objects by
subdividing them into smaller pieces for more accurate
classification.

A few examples of image segmentation algorithms are given

during the current tutorial. If you spend approximately 30
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minutes with different segmentation algorithms and parameters,
you will observe the differences in the images objects created.
Generally speaking, there is no definitive answer as to whether
one Segmentation is better than another. The final selection
depends upon whether you are satisfied that the objects you are

interested in classifying are adequately delineated.

Informative Practices
Tips:

1) The first step of an eCognition image segmentation is to cut the
image into pieces.
2) Segmentation serves as a building block for further analysis.
3) There is a choice of several algorithms to do the segmentation
process.
Workouts:

1) Using the layer combination of your choice (bands with the 10-
meter resolution are recommended), experiment with the image
equalizations available. Again, observe how the various land
cover types change to these changes.

2) Decide on the most appropriate segmentation algorithm for
segmenting this scene.

3) As you are doing this, consider what elements you think to
provide a better segmentation and how it could use the different
characteristics of the various algorithms to achieve the
segmentation you require.

Quizzes:
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1)

2)
3)

What are the main differences between a Chessboard
Segmentation and a Multi-Threshold segmentation?

What are the scale a shape parameters?

Why is the Multiresolution Segmentation algorithm the best

choice in the segmentation process?
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Tutorial 4

Objective Image Classification Processes

from row images to informative Knowledge

Opening Statement:

The current tutorial will create a nearest neighbor classification
of a segmented Sentinel-2 image acquired from an area around
the Baku region, Azerbyazan. The main objective of image
classification is to identify and portray, as a unique gray level
(or color), the features occurring in an image in terms of the

object or type of landcover these features represent on the

ground.

Instructive Memo:

AN N NN

v

Level: Intermediate,

Time: This unit should not take you more than 1.5 hours,
Software: The eCognition version 9.5,

Data Sources: Sentinel-2:

L1C _T39TVE_A030362_20210415,

Subject Scene. Baku Region, The Republic of Azerbaijan.

Tutor Objectives:

By the end of this unit, you should:
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Be able to complete all the steps required in the process tree.
Complete a classification based on the nearest neighbor
classifier.

Be aware of the parameters and features to aid classification
process.

+ Be attentive to the merge and export processes.

- &

Background Concepts:

Image classification is the process of categorizing and labeling
groups of pixels or vectors within an image based on specific
rules. The categorization law can be devised using spectral or
textural characteristics. Two general classification methods are
'supervised' and ‘unsupervised." In simple words, image
classification is a technique used to classify or predict the class
of a specific object in an image. This technique's main goal is to
identify the features in an image accurately. The OBIA, nearest
neighbor classification, approach is one of the most recent
methods that delineate segments of homogeneous image areas as
objects. In the next step, the delineated segments could be
classified into real-world objects based on spectral, textural,
neighborhood, and object-specific shape parameters and context
information.

In contrast to traditional image processing methods, the basic
processing units of OBIA classification are image objects or
segments, not single pixels, and even the classification acts on
image objects. One motivation for the object-oriented approach
is that the expected result of many image analysis tasks is the
extraction of real-world objects, proper in shape and proper in

classification. Common, pixel-based approaches cannot fulfill
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this expectation .Figure 1 illustrates an area that contains
extensive build-up and water surfaces at various levels of

improvement.

Caspian Sea

Figure 1: Map of the Baku Region, Abshourn Peninsula
Mastering the Skills:
There are many image classification techniques inside the
eCognition software. One of the most used is The Nearest
Neighbour (NN) that classifier is a supervised classification
approach whereby training samples are located and used to
classify all remaining (unknown) objects in the image for each
class required. The NN classifier has been used successfully for
many classification problems.
Step 1: Creating a Project
1.1)  As with previous works within eCognition Developer,
the first step is to create a project containing all the datasets

required for the study. You will create a subset of the inputted
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images once again. Your project should have the same
parameters as that shown in former tutorials

1.2)  For the current tutorial, we clipped the subsetted area
from the Sentinel-2 image with, as a part of the Baku City, with
Minimum X: 400430, Maximum X: 414230 in the upper-left
and Minimum 4482250 Y; Maximum Y: 4490670 at the lower-

left coordinates (Figure 2).

Figure 2: A project adjusted for the northern part of the Baku
city, RGB image
1.3) As with previous works within eCognition Developer,

you may prefer to create a project containing all the datasets
required for your desired study area. We recommended creating
a small subset of the inputted images with the same parameters
as in former tutorials.

1.4)  Note the order in which the image bands were loaded,
i.e., the Blue (B2), Green (B3), Red (B4), and VNIR (B8) bands
first sets, as these will decide the project's image (with 10 m)
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resolution. In this tutorial, the 20 m VNIR (B8a) and SWIR
(B11) bands are resampled to the 10 m of the first set bands.

1.5) Once you have matched your project window to those
shown in Figure 2. Select OK and create your project.

Step 2: Setting-Up the Class Hierarchy

2.1) For classification, the first task is to create the classes you
require and (in this case) to insert the Nearest Neighbour Feature
into each class.

2.2) To create a class, you require the 'Class Hierarchy' window
(shown in Figure 3) to be open. If the window is not already

visible, then click on the icon.

Class Hierarchy - 3 X

~ Mo classes available

Groups /4, Inheritance

Figure 3: Class Hierarchy Window before inserting any classes
2.3) To insert a class, right-click in the Class Hierarchy window

and select 'Insert Class' (Figure 4).
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IClass Hierarchy - O x

Insert Class

Insert Class Variable

Duplicate

Find

Delete Classification

Select Color...

Transparency (3D Image Objects) »
~ | Mark as Shared

Delete

Delete Samples

Load Class Hierarchy...

Save Class Hierarchy...

Groups Export Class Hierarchy... —_

Delete Class Hierarchy

—

Figure 4: Inserting a class into the class hierarchy
2.4) This provides you with an empty 'Class Description (Figure
5).

oK

Figure 5: Class Description window for the Water Surface class
2.5) The next step is to edit your class description by giving
your class a name. For example, give the class "Water Surface"
and assign a blue color (Figure 5). When you have done this,

insert and name other new classes. You should then have four
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classes inserted and named: Water Surface, Green-Cover, Built-
up Area, Mixed Landuse, and Non-Vegeted classes.

2.6) After giving each class a name, select an appropriate color
for each. It can be anything you wish, although the final
classification will be easier to understand and interpret if you
choose a logical color (e.g., Green for vegetation).

2.7) Next, the features (e.g., mean object spectral response) to be
used for classification (in this case, the standard nearest
neighbor algorithm) need to be inserted into the class. To do
this, right-click on the 'and (min)' and select 'Insert new

Expression’ (Figure 6).

Name Display
Builtup Area - Hiways i
Parent class for display Modifiers

Shared Abstract nactive

All | Contained Inherited

[ o ][ oo
Figure 6. Inserting a new expression into the Built-up class

2.8) This will present the window, where you need to select
‘Standard Nearest Neighbour' and click Insert (Figure 7).
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Insert Expression

Search Feature jo.

.. %* Mearest neighbor

..%# Standard nearest neighbor
..+ Threshold

- = Customized

Object features

Point cloud features
Vector features

Class features

Linked object features

.
.

.

.

.

= Scenefeatures
= Process features

= Region features

= Metadata

= Feature variables

- = Convolutional neural networks
--Ef Logical terms

s Similarity to classes

[E3)
[
[
[
]
[
[
&)
[
=)
[
e

Invert expression Insert Close

Figure 7: Selecting the expression to be used for the classification

2.9) Your resulting class description should be similar to that

shown in Figure 8 for the Built-up class, for example.
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Name: Display

Built-up Area M - Aways g
Parent class for display Modiiers
Shared Abstract Inactive

All | Contained Inherited

B and (min)

&% Inearest neighbor

i Brightness

Mean B11-SWIR
Mean B2-Blue
Mean B3-Green
M
M

2
ean B3-VNIR
Mean B3a-VNIR

Figure 8: The resulting Built-up class description used for the
classification
2.10) The same procedure needs to be repeated for the

remaining classes so that you end up with a classification
hierarchy similar to that shown in Figure 9.

Class Hierarchy ~ # x

= = classes

: Built-up Area
@ Green-Cover
{3 Mixed Landuse
() Non-Vegetated
.4 Water Surface

Groups | Inheritance

Figure 9: The class hierarchy outline
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2.11) To select the features used for the nearest neighbor
classification, use the 'Edit Standard NN feature Space' function
(Figure 10). Initially, it would help if you used the mean spectral

values of the objects.

Classification | Process Tools Export Window Help

[E: | Class Hierarchy A2 @ @ sk ' =

WEcd

gi Legend

Class Hierarchy k
MNearest Neighbor 4 Edit 5tandard MM Feature Space...
Samples 4 'C(I Feature Space Optimization...

Advanced Settings Apply Standard MM To Classes...

Set NN Function Slope...

Figure 10: The menu for editing the NN feature space
2.12) When the Edit Standard NN feature Space dialog box

opens, you can set the parameters as you want (Figure 11).

Edit Standard Nearest Neighbor Feature Space

Available Selected
Search Feature jol Search Feature pel
®- = Customized =- = Object features

- = Object features = Layer values

] ¥
g1 Position
-8 Texture
w4 Variables

- = Object metadata
@ = Point cloud
- » Point cloud features
- » Vector features
- w  Class features

w-m Pr atures
w1 = Region features

w- = Metadata

s = Feature variables

.= Convolutional neural networks

Figure 11: Editing dialog for selecting the features within the NN
feature space
Step 3: Setting up the Process Tree
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3.1) As with all classifications in eCognition Developer, the first
task is to perform segmentation. In this case, using a multi-
resolution segmentation is recommended, although you could
investigate others.

3.2) As with previous units, it is recommended you create an
outline within your process tree mirroring that outlined in Figure
12. Remember, a process is created by right-clicking in the
process tree window and selecting 'Append Process' or 'Insert
Child Process'.

Process Tree > B ox

= = Baku Landuse-MNMNC

[ Segmentation
Classification
Merge

Export

Main

Figure 12: Process outline and Segmentation process
3.3) To create the process that performs the segmentation, right-
click on the Segmentation process you have already created,
select 'Insert Child Process,’ and then the algorithm

‘Multiresolution Segmentation'.
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3.4) Choose the parameters shown in Figure 13 and once you

have entered these parameters, click on 'Execute’ to perform the

segmentation.

heoss & Cicles

Mumber of cycles

7 Loops whis something changes only

1

From Parert

(&

Agoethm Descrption

Pogly an optimizaion procsdure which lacally minimizes he average heterogenety of image objects
for & given resclion.

Mgoethe pammetens

Figure 13: Parameters used for the segmentation of the Sentinel-2

image

3.5) Note that the layer weighting for the B2, B3, B4, and B8
bands could be increased to 2. It takes advantage of the extra

spatial resolution of these bands, 10 m rather than 20 m of the

multispectral. In adition, you may attention to the wights of

Scale (52), Shape (0.3), and Compactness (0.7) paramaters

(Figure 14).
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Figure 14: The Multispectral Segmentation algorithm result

Step 4: Classification Process

4.1) To run the classification, you need to add a classification
process to your process tree. You could achieve it by right-
clicking on the process you named 'Classification' and selecting
‘Insert Child Process." Edit the new process such that it is similar
in appearance to that shown in Figure 15.

4.2) To select multiple classes, use the 'Shift' and '‘Control’ keys

as you would in Windows Explorer.

Hame Agathe Descroten
Evalote the membersh valosof an mage object o 2t of seleced dses
 Adoratic ¥

do At pagnsery

Bgothn o Ve
. Blitup Area. Green Cover. Mo Land.se

Trer oot { e s ranew .. Mo
st s desritin Yes
foman

image object eve

Farameter e
Level Lol
Cass e non
Conditcn

M frum Parert
Ragen Fom Parrt
Max. rumber cf b L]

Loeps § Cdes
< Lo i semahng charges oty

Mumber of yckes 1

Figure 15: The process parameters used for the classification
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4.3) After inputting the parameters into the process, click on the
'OK button at the bottom. You need to select samples before
performing your classification by clicking the Active classes
option that illustrates the Edit Classification Filter (Figure 16).

Edit Classification Filter
A=
B~ classes
[V Builtup Area
@ Green-Cover
0 Mixed Landuse
Mo MNonVegetated
4 water Surface
Always use all classes Use Amay: <NO BTEY>
= =

Figure 16: The Edit Classification Filter
4.4) Select all classes inside the Edit Classification Filter and
click on OK.
Step 5: Selecting Samples to Train Classifier
5.1) The next stage is to select the samples for each of the five
classes. You need to have executed the segmentation process
before undertaking these steps.
5.2) To create a sample, you need to activate the tool for sample

selection (Select Samples), as shown in Figure 17.
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Classification | Process Tools Export  Window Help
EE Class Hierarchy @] % & @ 100% =  |main
g Legend

Class Hierarchy 3

Mearest Meighbor 4

Samples 3 :L’ Select Samples

Advanced Settings 4 E} Select Samples with Brush

-k Sample Editor... Ctri+M

Sample Selection Information

Sample Editor Options

Load TTA Mask...

SR

’ S Ly
Driaity W ) A e — -
e A R N, ) > RS A

Figure 17: Activating sample selection function
5.3)

class you wish to create a sample for in the class hierarchy

Once you have activated sample selection, highlight the

window. Double-click on the objects (you wish to select as
samples) or hold down the Shift key and use a single click. To
unselect a sample, repeat the selection process for each chosen
object.

5.4) To aid the selection of your samples, eCognition Developer
offers two windows (both available from the menu of
information based on the selected samples. Firstly, the 'Sample
Editor' window and secondly the 'Sample Selection Information’

window (Figure 18).
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Sample Editor

Active class

Green-Cover

Compare class

‘Water Surface

bod

471 2352.0 4233.0 6114.0 7995.0 9876.0 1

L

il

Brightness (NN}
[1710.247 - 2418 3882357
[471 - 943.0941176] StdDy
3832.055180verlap : 0.00
Mean B11-3WIR (MN)
[1703.0198078 - 2745.411
[112 - 880.0784314] StdDy

1757 .01

112 1880.8 2809.5 5358.3 T107.0 83558 1

"

898 24899 40418 561318 T1855 87574 1

689 2513.1 4337.2 6161.4 T985.5 580968

"}

440

L

320

L.

302

2794.3 5148.5 T502.8 S85T.0 12211.11

24486 4577.3 67T05.9 £834.5 10962.11

N T
1965.4 3634.8 5301.1 69875 853391

11833.51

0604.£12252.3 41020 verlap - 0.00

Mean B2-Blue (NN}

[955.6274510 - 13811374

[G88 - 1243.196] StdDev.:
15011 34730verlap : 0.39

Mean B3-Green (MN)

[917.90980389 - 1432.956¢

[689 - 1261 2745098] Std[
24575 52820verlap : 0.37

Mean B4-Red (NN}

[587.717647T1 - 1474.0235

[440 - 1104.7294118] Stdl
E513.892740veriap : 0.36

Mean BE-VNIR (NN)
[2189.851 - 4326.8235294

032321

4585.41

[320 - 967.804] StdDev.: 1
2091 .£15220 4 73480veriap : 0.00

Mean B3a-VNIR (NN)

[2497.6941176 - 4641.10¢

[302 - 1033.898] StdDev.:
0300.211968 8 36330veriap : 0.00

Figure 18: Sample Editor Window

5.5) The Sample Editor provides a visual comparison of two
classes using a range of selected features. In Figure 18, the
Green-Cover and Water Surface are compared using the object
means from each spectral band of the Sentinel-2. When an

object is selected, a red arrow is illustrated where the object

means fits the other samples' mean (Figure 19).

Sample Selection Information

Class Membership  Minimum Dist.

Mon-Vegetated 1.000 0.000 118.384 30
Built-up Area 0.850 0.704 7543 1 30
Mixed Landuse  0.537 2705 11377 0 )
Green-Cover 0.202 6950 14.090 0 30
Water 5urface 0.000 49,261 67.672 0 30

X

Mean Dist. | Critical Samples | Mumber of Samples

Figure 19: Sample Selection Information Window

263



Mastering Object Based Image Analysis SECTION TWO

5.6) To change the displayed features, right-click within the
main window and select 'Features to Display.' If you only want
the features used within the NN calculation, select 'Display

Standard Nearest Neighbour Features' (Figure 20).

Apply Standard Nearest Neighbor to Classes

Avaiable classes Selecied classes

Al —5 == classes
@ Built-up Area
@ Green-Cover
e 2 Mixed Landuse
O Mon-vegetated
-4 Water Surface

Figure 20: The Apply Standard NN to Classes dialog box

5.7) The Sample Selection Information window displays
information on the NN membership boundaries and the
distances to the other classes of the selected object from the
selected samples.

5.8) To select the classes to be displayed, right-click within the
window and select 'Select classes to Display.' Classes displayed
in red have, for the selected object, an overlap in the distance
measure, and therefore the samples may need to be re-analyzed
and altered. To set the threshold at which a class is highlighted
in red, right-click in the Sample Selection Information window
and select 'Modify critical sample membership overlap." The
threshold ranges from O - 1, and O highlights any overlap.
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5.9) Once you have selected your samples, you should have an
image that is similar in appearance. Bear in mind that the
selection of samples does not have a correct answer. Just select
the samples you consider to be most representative of the classes
you wish to separate and give the best separation in the Sample
Editor and Sample Selection windows.

Step 6: Running the Classification Process

6.1) Now, you can execute the classification process you
previously created (right-click and select execute on the
classification process). You should now have a nicely classified
image similar to Figure 21.

it*;;;\m by t},p “ M e

!r"‘, R

5w classes

@ Built-up Area
@ Green-Cover
O Mied Landuse
I O Non-Vegetated
@ itersutoce (BT

Figure 21: Final classification map of the Baku region
6.2) If you are unhappy with the classification, repeat the
procedure but select more or alternative samples before
reclassifying the image. The Process Tree after the classification

process is shown in Figure 22.
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Process Tree X

=~ = 10374 Baku Landuse-NNC
—- = 10374 Segmentation
3= 10374 52 [shape0.3 compct0.7] creating 'New Level'
- w «0001s Classification
My, 05913 at New Level: Built-up Area, Green-Cover, Mixed Landuse, Non-Vegetated, Water Surface *
= «<0001s Merge
= «<0001s Export

Main

Figure 22: The Process Tree after the inclusion of the classification
process
6.3) To re-run the classification, open the process and click on

execute or select the process and press F5 or right-click on the
process and select 'execute'.

Step 7: Merging the Result

7.1) The next step is to set up the processes which will merge
your classification so that all neighboring objects of the same
class will form single objects.

7.2) It is important to merge your classification to identify
complete objects. For instance, you can query the Urban Area to
find its complete area once merged. To merge the result, you
will need to enter a merge process for each class; ‘Insert Child'").
The merge parameters for the vegetation class are shown in

Figure 23.
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Edit Process
Name
] Automatic

Built-up Area at New Lewel: merge region

SECTION TWO

Agorhm Desciption
Merge allimage objects chosenin the image object domain.

Agorithm parameters

Bgorthm Parameter Value

Fusion super objects No
Thematic Layer usage

imacpe object level

Parameter Value
Level New Level
Class fiter Buitt-up Area
Condition =

Map From Parent
Region From Parent
Max number of objects all

Loops & Cydles
] Loop while something changes only

Number of cycles 1

Figure 23: The Edit Process dialog box, the merge algorithm
parameters for the Built-up class
7.3) The class for merging is defined using the Image Object

Domain. The class of interest is defined; if you were to select
multiple classes, all the privileged classes would be merged,
removing the boundaries and classification of these objects.

7.4) To save time, once you have created your first merge
process, you can copy-and-paste (ctrl-c, ctrl-v, or right-click on
the process) to duplicate it and then edit the class you wish to
merge.

7.5) Once you are happy with your classification, execute the
merge image objects processes you have previously created.
Your results should appear similar to those shown in Figure 24.
7.6) The purpose of merging is to create a final classification
representing the scene's objects. For example, we will now

calculate the area of the whole water surface features. But, be
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aware that merging the image objects removes your samples, as

the segmentation will have changed.

@ Built-up Ares
@ Green-Cover
© Mixed Landuse
(© Non-Vegetated
@ Wates Sudace

Figure 24: Sentinel-2 RGB image (a) and the classified map (b)
Step 8: Feature Space Optimization Tool
8.1) To refine the classification further, eCognition Developer
offers an automated feature, the Feature Space Optimization
function, to automatically identify the features which ‘best’
separate the classes for which samples have been selected
(Figure 25).
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Classification  Process

eighbor

Advanced Settings

Tools

fl': Class Hierarchy Ol E B % ,{@
B Legend —
lass Hierarchy 3 ; I:"n._E -.?

o

Window  Help

Export

Edit Standard Mr Feature Space...
L 'CI Feature Space Optimization, ..
r Bpply Standard MM To Classes, ..

St WM Eunction Slope. .

Figure 25: The NN classification menu, Feature Space Optimization

function

8.2) To use this feature delete your classification (delete level)

and re-run the segmentation process. You will also need to re-

select that will delete your samples as these each time you

change the segmentation (i.e., merge or delete level).

8.3) After selecting your samples, open the Feature Space

Optimization dialog box (Figure 26).

Feature Space Optimization E|E|@

Classes

Feature:

= clagses

@ Forest
. Mot Vegetation
() Other Yegetation

@ water

Select Classes

Optimized Feature Space

Best separation

Select Features |

MNumnber of selected features:

Optimization

—

didanes Image: abject level Level 1 -
Dimension: M aximum dimension: 3
Calculate

Figure 26: The Feature Space Optimization dialog box
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8.4) To use this tool, select the features you wish to compare —
Initially, try the mean, standard deviation, and pixel ratio but
later try other combinations. Then select calculate; once the
calculation has finished, select advanced to see which features
offered the best separation, and 'Apply to the Std NN' to use
within the classification. You can now run your classification
step.

Step 9: Exportting Result

9.1) To end with, run the results to export. It will result in an
ESRI shapefile and create a map shown in Figure 27.
Researchers usually wish to export the classification result from
eCognition into a GIS, mostly ArcGIS, for further processing or

the production of a map.

£l
Select Features for Export as Attributes

Available Selected
Search Feature jel Search Feature jel
» Customized = Class features
= Object features -l Relations to classification
= Point cloud features L B Assigned class
= Vector features
Class features
«#+ Relations to neighbor objects
. Relations to sub-objects
¥ Relations to super-objects

e

Iy Relations to classification

Linked object features
= Scene features

= Process features

= Region features

= Metadata

= Feature variables

= Convelutional neural networks

x

Figure 27: The Select Features for Export dialog box
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9.2) The final process will be to export the classification to an
ESRI shapefile (Figure 28).

Export Results

Exmort Type: (lasses Features
Shape e ) * classes Assigned class
= unclassified
BT @ Builtup Area.
Palygon raster - 0] Green-CDver
O Mixed Landuse
For 12 NonYegetated

@ \Water Surface
Shapefile (*.shp)

Level

MNew Level

Write shape attibutes to csv file

Export File Name:

Select classes Select features
{:Scene Name}

Export... Preview Close

Figure 28: Process parameters to export the classification as a
shapefile
9.3) Area is found under Object Features > Shape > Generic

while class name is found under Class-Related features >
Relations to Classification > Class name.

9.4) You will need to create the class name feature, right-click
on the 'Create new Class name' and select Create, leave the
parameters as their default values, and select OK. The shapefile
will output to the directory within which your project is saved. If
you have not saved your project, it will export the shapefile to
the input imagery's directory.

9.5) To select the classes to export, you again edit the Image
Object Domain, remember these parameters define the image

objects to which it will apply the process. The outputted
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shapefile is defined as 'Classification." The features to be
exported are the area (of the image object) and the class name.
Remember that, when you are working inside a trial version of
eCognition version 9.5, you may notice a massage as "Sorry,
this feature is not supported by this version. In this case, accept
the message and enjoy your tutor finishing up.

9.6) When you finish your tutorial successfully, the Process Tree

should then be the same as the one shown below in Figure 29.

Process Tree ®
== 10374 Baku Landuse-NNC
—- = 10374 Segmentaticn
=~ » <0001z Classification
i.bly 05913 at New Level: Built-up Area, Green-Cover, Mixed Landuse, Non-Vegetated, Water Surface *
<0.001s Merge
ame <0,001s Built-up Area at New Level: merge region

<0.001s Green-Cover at New Level: merge region
pomewr 00015 Mixed Landuse at New Level: merge region
= <0,001s Mon-Vegetated at New Level: merge region
L ame <0001s Water Surface at New Level: merge region
= «0.001s Export

Main

Figure 29: The final "Process Tree" dialog box algorithms

Sum Up:

You can process image objects locally in specific Sentinel
satellite imagery based on the classification. Object-oriented
image analysis is a specific strength, a circular interplay
between processing and classifying image objects. Regularly,
specific information is available for classification based on
segmentation, scale, and shape of image objects, as you have
experienced during the previous tutorials. In turn, based on
classification, specific processing algorithms, such as NNC and

Support Vector Machine (SVM), can be activated. In many
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applications, the desired geo-information and objects of interest

are extracted step by step by iterative loops of classifying and

rule-based image processing.

Informative Practices

Tips:

1) Assign Class assigns a class to an image object with certain
features, using a threshold value,

2) Classification uses the class description to assign a class,
Hierarchical Classification uses the class description and the
hierarchical structure of classes,

3) Advanced Classification Algorithms are designed to perform
a specific classification task, such as finding minimum or
maximum values of functions or identifying connections
between objects.

Workouts:

1) Experiment with different classification methods, and be
aware of what types of landcover/landuse you need to create.

2) Experiment with different features within the standard NN
feature space. (Classification > Nearest Neighbor > Edit
Standard NN feature space).

3) Experiment with different features and maximum dimension
levels within the feature optimization tool by applying
classification> Nearest Neighbor > Feature Space
Optimization.

Quizzes:
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1)

2)
3)

Could you list the process parameters used for the
classification?
What is the Sample Editor Window main functionality?

What does the Feature Space Optimization Tool do?
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Tutorial 5
Threshold Rule-Setting With eCognition

inside the eCognition, a child process is a matter

Opening Statement:

The main purpose of the current tutorial is to teach the
application of combined methods of thresholding rule-set
techniques in the classification of water bodies. For this practice,
there is a need for six high-resolution bands of Sentinel 2A
imagery subsetted inside the eCognition 9.5 version for the
Neftchala Peninsula, Azerbaijan. Accordingly, first, you will
need to load satellite imagery, create a new project, segment the
imagery. In the second step, you will create two customized
Normalized Difference Water Index (NDWI) and Brightness
indices, which help you start a threshold-based classification of
water bodies in a wetland illustrating the sea, rivers, water
canals, ponds, and lakes.

Initial Memo:

v Level: Intermediate,
v/ Time: This tutorial should not take you more than 2 hours,
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v" Resources: A eCognition software, Version 9.5,
v' Data Sources: Sentinel 2A imagery,
L1C _T39SUD_A022097_20210530_Tif
v’ Subject Scene: Azerbaijan, Caspian Sea, Neftchala Peninsula.
Tutor Objectives:

By the end of this unit, you should:

4+ learn how to create a multiresolution segmentation within
eCognition Developer.

4 distinguish how to create customized NDW!I and Brightness
indexes,

+ recognize the difference between absolute and fuzzy thresholds.

+ Introduce threshold-based classification of water bodies.

Background Concepts:

The first step of an eCognition image analysis is to cut the
image into pieces, which is called segmentation, and there is a
choice of several algorithms to do this. Another OBIA typically
follows this, for example, a few spectral indices, to yield more
practical information by processing high-resolution satellite
imagery. Such information could be threshold rule-setted that
determines whether an image object matches a condition or not.
Typically, you can apply thresholds in class descriptions if a
feature can separate classes. It is also possible to assign image
objects to a class based on only one condition; however, the
advantage of using class descriptions lies in combining several
conditions. The concept of threshold conditions is also available
for ruleset-based classification; in this case, the threshold
condition is part of the domain and can be added to most
algorithms. This tutorial will practice some of these concepts in
the eCognition 9.5 software environment in a part of the
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Neftchala Peninsula, mainly dominated by water surfaces
(Figure 1).

Banka

Neftcala

Figure 1: The location of Neftchala Peninsula, Azerbaijan
Mastering The Skills:
Following on from the previous tutorials, you are now
implementing a more detailed classification, for example, the
nearest neighbor. Continue teaching OBIA methods. The main
aim of the tutorial is to provide you with experience in entering
thresholds for a rule-based classification and creating the
corresponding image objects to classify water surfaces. Multiple
tools are at the users' fingertips for much subsequent analysis
inside the eCogpnition software to obtain this aim.
Step 1: Create a New Project
A project is the most basic format in eCognition Architect. A
project contains one or more maps and optionally a related rule

set. Projects can be saved separately as a *.dpr project file, but
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one or more projects can also be stored as part of a workspace.

To create a simple project:

1.1)
1.2)
1.3)
1.4)

Open the eCognition Developer Trial version 9.5.
Go to File > New Project in the main menu.
The Import Image Layers dialog box opens.

Inside the "Import Image Layers" dialog box, you have

the right to access the Local Disk, main folders, Subfolders, and

other options shown in Table 1. You took an example of the

Sentinel 2A image from the western coastal part of the Caspian

Sea, Azerbaijan (Figure 2).

X
Import Image Layers...
3 4 5 6 7
1 fﬁ ‘ Local Disk... “ Azer-images H Mud-Volcan.. | g ‘gj Eé
Mud-Volcans Images L1C_T39TUE_AD24642_2020031 Name 10
L1C_T39TUE_AD24642_2020031 Sentinel 2A-20200311_Tiff-DATA || T39TUE_20200311T072711_BO02.aux

1.5)

11 12 [ 139TUE_202003117072711_B12.4if
Preview | Properties 4 3
Go to folder File Name Filter File Type
13 = | == 14 All Files 15
ChAzer-Images'\Mud-Volcans Images\L1C_T39TUE_A024642_2020031\5entinel
16 17 18

LC0G_L1TP_167032_20200229 [T39TUE_20200311T072711_BO2.tif

|| T39TUE_202003117072711_B03.5ux
T39TUE 2020031072711 _BO3.4if
|| T39TUE_20200311T072711_BO04.3ux
L [1397UE _202003117072711_Bo4 4if
| T39TUE_20200311T072711_B05.aux

8 9

ITUE_20200311T072711_B11.3ux
ITUE_20200311T072711_B11.tif

TUE_20200311T072711_B12.aux

Figure 2: The Import Image Layers dialog box
In Table 1, all descriptions are indicated with their main

functions.
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Table 1: The Import Image Layers dialog box main functions

Item Descriptions
1 This icon G shows the data source panel
2 Local Disk, for example, C:/
3 Main Folder, for example, Azer-images
4 Subfolder, for example, Mud-Volcano
5 Click on “* to add to favorites
® Click on 2 to restore Layouts
! Click on = to search Subfolders
8 Main Folder Name
9 Subfolder Name
10 image layers
11 Image Band Preview
12 Image Properties
13 Accessing to the folder
14 File Name filtering
15 File Type (*.Tiff., img, and many other extensions
16 File Path
17 Confirming the next step
18 Canceling the import layers process

1.6) Select the image bands you wish to import, then press
the Ok button to display the Create Project dialog box.
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Step 2: Managing the Project Dialog Box
2.1) The Create Project dialog box gives you several options.
You can edit these options at any time by selecting File >
Modify Open Project as follows:

1) The Menu Bar has the same functions inside the Create

Project Dialog Box (Figure 3).

Modify Project ¥ =
Image Layers Thematic Layers Metadats Maps 1)
Project Name 2 Neftcala Project 3)
Mao
Coordinate System WGS_1984_UTM_Zone_39N Transverse_Mercatol
Resolution (Meters) 10

Resokaion {m/pd]

342233770 pixels 10

LowerLef) (336970 7 4338920)
(Upper Right] (371180  4376620)

Pixel size {unit)

4) auto

Meters

Image Lay.. | Fis Location Ingent
B2-Blue  C\Satslits Imagery\Neticala-Sent-2 20214L1C_T39SUD_A022097_
Bi-Green Ci\Satelite Imagery\Neficala-Sent-2 20214L1C_T39SUD_A022097_
B4-Red  C\Setelite Imageny\Nettcala-Sent-2 2021\L1C_T39SUD_ADZ2097_ Edt
B7-VNIR  C\Setellite Imagery\Neftcala-Sent-2 2021\L1C_T39SUD_A022097_
BE-VNIR  C:\Satellite Imageny/\Nettcala-Sent-2 20214L1C_T395UD_AD22097_
B11-8WIR C:\Satellite Igigerywehca\a-sw-z 2021\L1C_T39SUD_AD22097_

Thematic Layer Aias A A w.|H e

6)

Metadata Name F.|D. = Inset

7) & Remave

8)

Cod

Figure 3: The Project Dialog Box
2) You may change the name of your project in the Project
Name field. The Map selection is not active here but can be
changed in the Modify Project dialog box after project
creation is finished.
3) If you load two-dimensional image data, you can define

a subset using the Subset Selection button. If the complete
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scene to be analyzed is relatively large, subset selection
enables you to work on a smaller area to save processing

time (Figure 4).

Figure 4: Subset Selection Dialog Box

4) You can view the image metadata and associated
information. Here for image bands, the pixel resolution is
presented. Select the Use Geocoding checkbox to use the
geocoding information from an image file to be imported.
You could set pixel size for each unit:

a) If geocoding information is included, the pixel size equals
the resolution. In other cases, pixel size is 1. The image
bands are listed here.

b) If you want to rescale the scene during import, edit the scale
factor in the text box corresponding to the scaling method

used: resolution (m/pxl), magnification (x), percent (%), or
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d)

5)

pixel (pxlI/pxl). You can edit the Pixels Size (Unit) for
feature calculations, value display, and export, and you can
edit the Pixels Size (Unit).

If you keep the default (auto), the unit conversion is applied
according to the unit of the coordinate system of the image
data. You may want to ignore the unit information from the
included geocoding information in special cases. To do so,
deactivate Initialize Unit Conversion from the Input File
item in Tools > Options in the main menu. Geocoding is the
assignment of positioning marks in images by coordinates.
In earth sciences, position marks serve as geographic
identifiers. But geocoding is helpful for life sciences image
analysis too. Typical examples include working with
subsets, multiple magnifications, or thematic layers to
transfer image analysis results. Typically, available
geocoding information is automatically detected.

if not, you can enter coordinates manually. Images without
geocodes automatically create a virtual coordinate system
with a value of 0/0 at the upper left and a unit of 1 pixel.
For such images, geocoding represents the pixel coordinates
instead of geographic coordinates.

The Image Layer pane allows you:

to insert, remove and edit image layers (Figure 4). The
order of layers can be changed using the up and down

arrows.
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b) If you use multidimensional image data sets, check and edit
multidimensional map parameters. If you load two-
dimensional image data, you can set the value of those
pixels that are not to be analyzed. Select an image layer and
click the No Data button to open the Assign No Data Values
dialog box.

c) If you import image layers of different sizes, the largest
image layer dimensions determine the scene's size. When
importing without geocoding, the smaller image layers keep
their size if the Enforce Fitting check box is cleared.

d) If you want to stretch the smaller image layers to the scene
size, select the Enforce Fitting checkbox. Also, you can
change the band name by activating the Layer Properties

dialog box (Figure 5).

Layer Properties

Layer Alias
[B2-Biue|

Geocoding
Lowerleft X 300000
Lower left Y 4330200

Pixel size 10

Geocoding ]

Muttidimensional Map Parameters
Number of frames 1
Frame distance 1

Frame start i}

Figure 5: The Layer Properties dialog box and the geocoding
information
6) Thematic layers can be inserted, removed, and edited

similarly to image layers.
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7) If not done automatically, you can load Metadata source
files to make them available within the map.

8) If you click on the OK option, you can create a new project
inside the eCognition Developer.

Step 3: Rearrange the eCognition Setting

When you start any eCognition projects, you can have your

modification and schedule set.

3.1) You may prefer to change the color composition of the

subsetted Image.

3.2) For Sentinel-2, the RGB composite is as natural colors (4,

3, 2); false color Infrared (8, 4, 3); false color urban (12, 11, 4);

agriculture (11, 8, 2); healthy vegetation (8, 11, 2); land/water

(8, 11, 4).

3.3) You could also rearrange the eCognition main windows for

better use, as shown in Figure 6.

Figure 6: A new project for the Neftchala Peninsula subsetting the
Sentinel-2, inside the eCognition Developer
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Step 4: Setting up the Process Tree

eCognition provides an artificial language for developing
advanced image analysis algorithms. These algorithms use
object-oriented image analysis and local adaptive processing
principles. You could achieve this by developing a series of
processes, also known as a rule-set. A single process is the
elementary unit of a rule-set providing a solution to a specific
image analysis problem. A single process allows the application
of a specific algorithm to a specific region of interest in the
image, the image object domain. All conditions for classification
and region of interest selection may incorporate semantic
information. Processes may have an arbitrary number of child
processes. The so formed hierarchy defines the image analysis's
structure and flows control. Arranging processes containing
different types of algorithms allows the user to build a
sequential image analysis routine.

4.1) To begin, the process window will need to be opened. On
the main toolbar, under Process Tab, you can click Process Tree
to open it. Remember that you can dock this window at any
location within or outside the software.

4.2) Right-click within the Process Tree window, and a context

menu offers commands for process management (Figure 7).
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Process Tree * |Class Hierarchy x

*“jses available

Append Mew Ctri=A
Insert Child Ctri=1

Go To...
Load Rule Set...

Main itance

Delete Rule Set

Image Rule Set Properties... iew X
Term E 0
Mo image nized

features

loud features

features

eatures

object features

——
Metadata
Feature variables

Convolutional neural networks

Figure 7: Context menu of the Process Tree window
4.3) Select Append New Process or click Ctrl + A. It will now
open the Edit Process dialog box (Figure 8).
4.4) Give a name, as Threshold —Rule Sets, for instance, and
click OK. This process will serve as a parent process for all your
algorithms to fall underneath. It is handy because you can
execute this single process, and all other algorithms will

subsequently execute, as well.
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X
Edit Process g

Name Algortrm Desciption
Brecute all chid processes of the process.
— F,

Threshald -Fule Sets

Agorthm

Loops & Cycles

7| Loop whie something changes only

Nurber o cycles 1

* e -

Figure 8: Edit Process dialog box with a known name: "Threshold
Rule-Sets" process
4.5) For detailed information regarding the Edit Process dialog

box, see the contents of the previous tutorial.

Step 5: Operating a Multiresolution Segmentation Algorithm
An Object-based classification requires image objects, so you
need to insert a child process employing a segmentation
algorithm.

5.1) Right-click on the "Threshold Rule-Sets™ process and select
the Child Process option.

5.2) The "Edit Process" dialog box is displayed. Select the
multiresolution segmentation algorithm to segment pixels into
objects (Figure 9).

5.3) Define a new level, the level that the image objects are
stored on, as Level-1.

5.4) Adjust the image layer weight settings to emphasize the
near-infrared band (B8-VNIR), given that you've got only three
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visible bands (B2, B3, and B4) and a SWIR band. Keep in mind
that a band combination of Sentinel-2 satellite would be a useful
RGB composite in recognizing water surfaces.

5.5) Finally, you need to update the scale parameter (52) to
make your image objects a bit larger and then adjust the shaping
compactness settings to emphasize the shape (0.3) a little bit

more, and also to try and get more compact objects (0.7).

Edit Process

Mame Agorihm Descrivtion

| Atomatic |j

52 [shape.3 compet 0.7] creafing ‘Levek1'

imization procedure which locally mnimizes the average heterogenaty of image objects
esclution

Hgorthen

(1)

Locps & Cyces
] Loop while something changes only

Humber of cycies

Figure 9: Edit Process dialog box, defining a multiresolution
segmentation algorithm
5.6) When you get happy with the settings, click on the OK

button.
5.7) To execute the multiresolution segmentation algorithm,

click on it and choose the Execute button. It runs the algorithm,
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grouping the pixels into objects. In Figure 9, more details are
given by a sequence of numbers.
5.8) Figure 10 shows a segmented image and View Settings

arrangment.

o R 0 N, TS LY
[ 140538 / 2502 30\‘1397 28/ 227621 / \"&“
S

)
A7

yyyyy

NNNNNNNN

Figure 10: The segmented process result for the part of the Neftchala
Peninsula
5.10) You can then toggle on and off the image objects using the

Show/Hide outlines button @. To try more options, see the
previous tutorials.

Step 6: Getting the Image Objects Information

The attributes about image objects known as features within
eCognition are displayed within the Image Object Information
window. Not all features are displayed by default.

6.1) So, by right-clicking and choosing Select Features to
Display, you can choose from the available list of features
(Figure 11).
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Image Object Information nox

Feature Value

Image Object 2=
Geometry Select Features to Display...

Number of p 2P Manage Customize Features..,
Load...

Save to File...

Copy to clipboard

Figure 11: Image Object Information window
6.2) Some of the most popular ones are under object features,

layer values, and mean values (Figure 12).

Select displayed Features

Available Selected
Search Feature jol Search Feature jel
@~ = Customized a E- = Object features
- = Object features 54 Loyervalues
-5 Type i B-= Mean
- Layer values A B11.SWIR
- Geometry A 82 Blue
£t Extent JE 83-Green
[ Border length (P) JE B4-Red
[ Length (Px) A B7-VNR
[ Length/Width A B8-VNIR
E Rel. border to image border K Brightness
[ Width (Px) AE Max. diff.
-l Shape 2B Geometry
- ¢ Tosuper-object -0 Extent
Q Based on polygons K Area (Pxl)
@ Based on skeletons K Number of pixels
-] Position
-8 Texure
-] Variables
4% Hierarchy
B Thematic attributes
= Object metadata
= Point cloud
- w_Point cloud features h

Figure 12: Select displayed Features box
6.3) You have to add the mean values for all image layer bands

for this aim.
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6.4) Then, go down to geometry, extent, and double-click on
Area to add the Area feature. It is the area of each image object
and pixels.

6.5) When you select an object, you'll notice that the
corresponding feature information is displayed in the Image

Object Information window (Figure 13).

Image Object Information ~ # x
Feature Value
Layer values Mean
Brightness 549,5067350
B2-Blue 12196807793
B3-Green 10057671073
B4-Red 456.0502547
B7-VNIR 272.6543439
B3-VNIR 2247216026
BL1-SWIR 881663225
Max, diff, 2,0591457
Geometry Extent
Area 14526 Pyl
Mumber of pixels 14526

Figure 13: A selected image object-related features
6.6) Clicking around on the image objects, you will see that the
mean band values are useful but not yet perfect for separating
water bodies from the other features.
Step 7: Getting Customized Features
7.1) To create a customized feature, click on Tools from the
main Menu and select the Manage Customized Feature option

(Figure 14).
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Name Feature Type
MDY Arithmetic
Add Edit Copy Delete Close

Figure 14: Manage Customized Features dialog box
7.2) Click on the Add option to notice the Customized Features
dialog box. A customized feature allows us to create indices
such as NDW!I. You can give the feature a name and plug in the
formula for NDWI (Figure 15).

Customized Features

Arithmetic | Relational

Feature name
NDWI Insert Text BW
Do nol use units Calculation Uini: | No Unit

(IMean B3GreenH{Mean BE-VNIR])/[Mean B3Green]+[Mean BE-VNIR])

Calculate Del Search Feature jeol
- Layer values -
0l fiad inv G Mean
- [HE B2-Blue
8|l 9| ) | [abs || sn LI 83 Green
4 5 6 || floor | | cos
1 2 3 ; In || tan B Brightness
i HE Max, diff.
0 PIF)| e @ la - = Mode -
14 »
Feature group
<automatic> o

Cancel Apply Help

Figure 15: the Customized Features dialog box, A formula for NDWI
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7.3) The following question calculates the NDW!I formula:
NDWI Sentinel-2= ([Mean B3-Green]-[ Mean B8-VNIR])/([
Mean B3-Green]+[ Mean B8-VNIR]). The NDWI monitors
changes related to water content in water bodies. As water
bodies strongly absorb light in the visible to the infrared
electromagnetic spectrum, NDWI uses green and near-infrared
bands to highlight water bodies. It is sensitive to built-up land
and can result in the over-estimation of water bodies.

7.4) When you select an object, the NDWI index appears in the

Image Object Information window (Figure 16).

NE AT RIIN

‘ Image Object Infor...

& !
‘ Feature Value w

2 :
“Q‘ -
‘ Customized L‘;
“ NDWI 0634744 Y
‘ Layer values Mean F
BErightness 549.5067
E2-Elue 1219.680 .
B3-Green 1005.767 J
B4-Red 456.0502 | [IRY
E7-VNIR 2726543
E5-VNIR 2247216 ‘
EB11-SWIR 88.16632 r‘
Max, diff, 2059145
‘Geometry Extent '
Area 14526 Px ‘
Mumber of pixels 14526 p ‘

Figure 16: NDW!I values showing inside the "Image Object
Information” dialog box
7.5) The NDWI index provides a robust means to separate water

bodies from vegetated and impervious surfaces. The values
within the Image Object Information window help you to assist

with bands and spectral indices information.
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7.6) You can also display the actual values by going to the
Feature View window. Double-clicking on NDWI, for example,
assigns a gray-scale color ramp based on the NDWI values to
each of the objects.

7.7) By going into the lower left-hand corner of the Feature
View window and selecting the checkbox, you can play around
with the actual NDWI value ranges. You'll probably want to
right-click on the feature and choose update range to get the full
range of values before doing this. You can then use the arrows
to select the lower and upper range of values.

7.8) This isn't doing classification; it's just previewing what
would happen if you use these threshold values for classification
(Figure 17).

# Feature View
B8 ccorch Feature
i m Create new 'Relational Feature' |&
. NDWI
= Object features
£ Type
-4 Layer values
B = Mean
. B11-SWIR

L B3-Green

L B4-Red

L[ B7-VNR
\[EE B8-VNIR
[ Brightness

L Max. diff.

= Mode

= Quantile

= Standard deviation

= Skewness

Figure 17: Adjusted NDWI values for the water bodies, including the
segmented objects
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7.9) When you get satisfied with adjusted water bodies (Figure
18) by ranging the Feature View window tools, you may move
to the next step.

Feature View
Search Feature

}- = Customized

= Create new 'Arithmetic Feature'
= Create new ‘Relational Feature'

Figure 18: Illustration of the water bodies (greenness color)
Step 8: Threshold-Based Classification
Now that you have a good idea (created thresholds) about the
features, you can classify the threshold objects into the water
bodies class.
8.1) Let's right-click on the multiresolution segmentation
algorithm, choose to append new, and insert the 'assign' class
algorithm (Figure 19).
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Name

7 Pudomaic:
) t

unclessified with NCWI >= 002 &nd Brightness <= 1150 &t Leve: Mgorihm parameters
Agorthm Paramder

assign dloss 2) e
Doman

mage object leve

Pameter

Level

stz

Condtion
Map

Loops 4 Cyckes
i Loop whie something chenges orly

Pumber of cycles

7

Seeaie o

jomain 10 the class specfied by the Use daes parameter.

Wiater Bodes

5)

6

Cancel Hep

Figure 19: The Edit Process dialog box, an assigned class algorithm
with class filter and conditions
8.2) For classification, you can use the assigned class algorithm,

a very simple classification algorithm for threshold-based

classification.

8.3) Under the cross-filter, you could check the box for

unclassified so that we're only focusing on objects that

unclassified (Figure 20).

are

v

Figure 20: The "Edit Classification Filter" dialog box
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8.4) Then, you'll go to condition, and you'll click the ellipse
button. The first condition you'll use is on the NDWI values. So
undervalue one, you need to choose from a feature, then go to
the customized features and select NDWI. Now you need to
choose anything that has a value greater than 0.02. This
threshold condition says any unclassified objects, all image
objects, and have an NDWI value greater than 0.02 and the
Brightness <=1150 (Figure 21).

Edit condition

Type Value 1 Operator  Value 2 Unit
AND X
Condition NDWI >= 0.02 No Unit X
Condition Brightness <= 1150 No Unit X
Add new

ML 0172 unclassified with NDWI >= 0.02 and Brightness <= 1150 at Level=1: Water Bodies

Figure 21: Defining two thresholds of NDWI and Brightness values
for the water bodies

8.5) By accepting these conditions, the result of the thresholding

process is shown in Figure 22.
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R

Figure 22: The result of the thresholding process, Neftchalar Peninsula
water bodies

Step 9: Looking for an Alternative Approach

Now let's look at an alternative approach, in which you may
separate the classification into separate steps, rather than using
both conditional statements within a single assigned class
algorithm.

9.1) In the next step, you can also assign the thresholding, as
mentioned earlier, to a new Green-Cover class. Because
Vegetation is highly cross-related to the water bodies in the
wetland area that you just created, the clause description
dialogue pops up. You can choose a color to represent that class.
9.2) Once we right-click and execute this algorithm, any objects
that meet the criteria, that is, they have an NDVI greater than
0.25, and the Average Brightness > = 2000, will be assigned to

the Green-Cover class. With trial and error efforts, you may
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apply more accurate thresholds to determine the exact NDVI

and Average Brightness values (Figure 23).

7 x
Edit condition

Type Value 1 Operator | Value 2 Unit
AND X

Condition NDVI = 0.25 Mo Unit X
Condition Awerage Brightness <= 2000 Mo Unit X

Add new.

Delete all Cancel
Figure 23: Edit Condition dialog box NDVI and Average Brightness
values

9.3) The view classification button will display the
classification, and then you can choose to display the
classification as either outlines or a solid fill. Overall, NDVI
was very effective in helping us classify vegetated objects
(Figure 24).

Figure 24: The result of the thresholding process for the green-cover
classification
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9.4) You can to going back into the assigned clause algorithm
and remove that visible brightness condition. You may insert
this later and in a different assigned class algorithm. Rerunning
the segmentation algorithm every time | change my threshold
parameters for classification isn't very efficient.
9.5) If you need to insert a new algorithm, you can use the
"remove classification” algorithm. It will go right after the
segmentation algorithm, and it simply clears the classification
from the image objects. This is a very quick algorithm, and it's
an efficient algorithm to run if | want to play around with my
classification parameters.
9.6) Finally, you can go back to the original rule sets, with all
objects with an NDWI, NDVI, or Brightness threshold indices,
and modify less or greater than specific values assigned to the
water or the vegetation classes.
Sum Up:
This tutorial introduced you to threshold-and rule-based
classifications inside eCognition 9.5 by processing the Sentinel-
2 imagery just adjusted to the parts of Neftcala Peninsula in
nearby the Caspian Sea. You looked at different approaches in
your next exercise as you handled the following procedures:

v’ aproject by loading Sentinel 2A images,

v amultiresolution segmentation to create image objects,

v/ an impression of how to obtain information associated

with NDW!I indexing,

v" athreshold-rule-based classified water bodies.
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Informative Practices
Tips:

1) Note that the eCognition 9.5 trial software access is not limited
to a specific period.

2) Keep in mind that export functions, saving projects, and the
workspace environment are restricted.

3) The most important point is that you cannot open the rule sets
saved in trial software in a fully-licensed version of eCognition
software. If you are interested in exporting and analyzing the
processed data, use the eCognition authorized versions.

Workouts:

1) Experiment with different segmentation algorithms and
parameters. It would help if you did not have to edit the
thresholds you have entered to reclassify the resulting segments.
Still, you may notice varying levels of accuracy between
different segmentations.

2) The classification produced during this unit is superficially OK
but contains numerous errors when viewed in more detail. Try
to improve the quality of the classification through the
refinement of the existing rules.

3) In addition to the rule used within the classification, there may
be other features available within eCognition Developer which
could aid the classification.

Quizzes:

1) Which subsetting options are selectable inside the Subset
Selection Dialog Box?

2) What exactly does the Threshold Classification Process do?

3) Why do you use the "assign class algorithm™ through a
threshold-based classification procedure?

Allied References:

1) Agancy, E. S. (2015). Sentinel-2 MSI: Overview. https://
sentinel.esa.int/documents/247904/685211/Sentinel-
2_User_Handbook.

2) Athelogou, Maria; Schmidt, Giinter; Schdpe, Arno; Baatz,
Martin; Binnig, Gerd (2007). Cognition Network Technology —
A Novel Multimodal Image Analysis Technique for Automatic
Identification and Quantification of Biological Image
Contents. Imaging  Cellular and Molecular  Biological
Functions. Principles and Practice. pp. 407-422.
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Blaschke T. and J. Stroble (2001). What’s wrong with pixels?
Some recent developments interfacing remote sensing and GIS,
GIS-Zeitschrift fiir Geoinformationsysteme 6:12-17.

Blaschke, T. (2010). Object based image analysis for remote
sensing. ISPRS Journal of Photogrammetry and Remote
Sensing, 1-6.

Lucas R.M. Rowlands A., Brown, A., Keyworth, S and
Bunting, P. (2007). Rule-based classification of multi-temporal
satellite imagery for habitat and agricultural land cover
mapping. International Society for Photogrammetry and
Remote Sensing, 62(3), 165-185.

Torres-Sanchez, J., F.Lopez-Granados and J. M. Pefa (2015).
An automatic object-based method for optimal thresholding in
UAV images: Application for vegetation detection in
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Tutorial 6
Practicing Change Detection with OBIA

OBIA provides an accurate change detection

Opening Statement:

In the current tutorial, you will learn how to detect changes on
the small part of the Caspian Sea by processing the Sentinel-2
imagery sampled for 2015 and 2021. The functionality is
explained based on an example of change detection use of the
"Unsupervised Classification (USC)" algorithm within the
Trimble eCognition software 9.5 step-wisely. It is based on the
Iterative  Self-Organizing Data  Analysis  Techniques
(ISODATA) approach and creates a single raster landcover
output with pixel values corresponding to the water, non-water
classes. Furthermore, you will learn how to apply the crucial
"copy map" algorithm and how implementing it together could
strengthen a rule set USC procedure.

Instructive Memo:

v" Level: intermediate and advanced levels,

v' Time: This tutorial should not take you more than 2 hours.
v’ Software: an eCognition Developer version 9.5,

v" Data Sources: Sentinel-2 images for 2015 and 2021
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v" Subject Scene: Caspian Sea, Gil Island.
By the end of this unit, you will:

+ create two independent maps.

+ understand the nature of unsupervised ISODATA,

+ customize algorithm for ‘USC and segmentation.’

+ assign classes to each cluster.

+ Classifying water and non-water classes in both maps
individually

+ lllustrating the actual changes on the Caspian Sea,

Background Concepts:

Coastal zone detection is an important task in national
development and environmental protection, in which extraction
of shorelines should be regarded as fundamental research of
necessity. Very dynamic coastlines such as the Caspian Sea
coasts and its islands could pose considerable risk to the
surrounding countries' economic-social developments. Due to
the rapid advances in image processing methods, modern and
reliable OBIA techniques are required to detect and update the
coastline geodatabase of these areas to explore rates of physical
and ecological retreats. Natural and artificial land features are
very dynamic, changing somewhat rapidly in our lifetime. Thus,
accurately, you can more fully understand the physical and
human processes at work. An advanced OBIA plays a unique
role for easier interpretation in the Caspian Sea changes.

In eCognition Developer, you can work with so-called 'maps.' A
map is a "sub-project” where you can process independently.
Within one project, you can have several maps. Maps are

independent "sub-projects," The original scene is always the
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'main’ map; all other, created maps can have individual names.
One of the needs for the changes detection process is to map
multispectral images in a fast manner correctly. USC is where
the outcomes (groupings of pixels with common characteristics)
are based on the software analysis of an image without the user
providing sample classes. The eCognition uses techniques to
determine which pixels are related and groups them into classes.
USC using cluster algorithms is often used when there are no
field observations and other reliable geographic information. For
USC, eCognition users can execute an ISODATA cluster
analysis and categorize continuous pixel data into

classes/clusters having similar spectral-radiometric values.

Mastering The Skills:

Inside the eCognition, one application field of maps is for
change detection by setting up two maps. There is a main map
containing all image layers from both points of times (T1=2015
and T2=2021), then two independent maps are created, with
only the image layers of one point of time. These follow the
ISODATA approach, spectral indexing, and multi-threshold
segmentation algorithms that are the most straightforward
techniques for the final accurate classification and logical way to

detect actual change detection from both maps.
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Step 1: Preparation of Sentinel-2 Imagery

1.1)  To access the main aims of the current tutorial, you need
to download images from the Sentinel-2 satellite acquired by
ESA's Open Access (https://scihub.copernicus.eu), selected for
specific dates 2015 and 2021. Basic information on the Sentinel-
2 satellites is given in the previous tutorials.

1.2)  For the current tutorial, we selected the environmentally
sensitive coastal part of the Caspian Sea in Azerbaijan, an
internationally recognized greatest lake of global importance.
1.3) To achieve the main objectives of the current practice,
several methods of image pre-processing have to step-wisely
apply the sentinel-2 zipped datasets, including opening the
downloaded zipped files and managing the corresponding Geo-
Tiff bands. The details of conversion methods are given in the

previous tutorials.
Step 2: Starting the eCognition Software

2.1) eCognition version 9.5 is yet powerful software that it is a
challenge to summarize all of its advantages and benefits within
one tutorial. But let's give it a try to introduce some of its main
concepts by working through specific change detection tasks
and learning how to apply the main approaches step-by-step.

2.2) If you have not accessed the official version of the
eCognition software, the eCognition Trial 9.5 software is now
available due to the free installation steps. For more details on

this process read the previous tutorials. It must be mentioned
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that the free version is limited as saving of rule sets, saving of
projects, and export functions which are disabled. But, there is
much to experience and learn on advanced image processing
from such a superior developer program.

2.3) As soon as you access the trial version of eCognition 9.5,
you can follow the main functionality of the software. You may
start by setting the Sentinel-2 imagery inside the eCognition

Developer to begin this tutorial.
Step 3: Setting image layers of the ‘main map’

3.1) From the main menu, select File> New Project to access the
downloaded two sets of multispectral image layers from a subset
of a Sentinel-2 scene. T1 is the layers from 2015,09,14 and T2 is
from 2021,09,27. Evaluate the loaded Image Layers in the new
project named as Gi-Island Changes.

3.2) When you set the desired bands inside the eCognition, you
will notice the following screen in which the layers of T1 and
T2 are displayed (Figure 1).
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Modify Project

Project Image Layers ThematicLayers Metadata  Maps

Project Name |

”
Coordinate Systarm WGS_1984_UTM_Zane_39N Transverse_tMercator WiGS 84
Resolution (Meters) 10 Resolution (/)

Fixel Size 10
Froject Size G15xE41 pixels

Geocoding (LowerLeff) (3631407 4420210)
Geocoding (Upper Right) (372290 7 4426620)

Poxel size: {unit)
auto

Meters

Image Lay... | Fie Location - Inset
T2_blue  C\Satellite Imagen Caspian SeaAdas Changes\Caspian Sea Sentinel-2 Ima
T?_green CA3atellite Imagery\Caspian Sea Adas Changes\Caspian Sea Sentinel-2 Ima
T2_red  C\Satellite ImagenA Caspian SeaAdas Changes\Caspian Sea Sentinel-2 Ima Edit
T2_VNIR CASatelite Imagery\Caspian Sea Adas Changes\Caspian Sea Sentinel-2 Ima
T2_SWIR C\Satellite Imagens Caspian SeaAdas Changes\Caspian Sea Sentinel-2 Ima
Ti_blue  CA3atelite Imagery\Caspian Sea Adas Changes\Caspian Sea Sentinel-2 Ima
T1_green Ch\Satellite Imagens Caspian SeaAdas Changes\Caspian Sea Sentinel-2 Ima
Ti_red  CA3atelite Imagery\Caspian Sea Adas Changes\Caspian Sea Sentinel-2 Ima
T1 KR O Satallit lemaran s Cacmian Gan ddas ChannaelCasnian Sas Santinal-2 s
k1 »

Remove

No Data

v

Figure 1: Create Project window, notice Sentinel-2 selected T1 and T2
bands
3.2) It is preferable to start with a small area subsetted from the

main Sentinel-2 image, as you can see in Figure 2.

Subset
Minimum X 362950 Masmum X 371740
Minimum Y 4420760 Maodmun ¥ 4427170
Resolution Scene size Active image layer
10 879 841 T2_blue

| Use geocoding for subset

Store subset in own file(s) Cancel

Figure 2: Create Project, Subset Selection option
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3.3) Click the ‘Edit Image Layer Mixing’ button in the ‘View’
toolbar or go to the main menu View > Image Layer Mixing.
Note that In the lower right corner of the viewer, you see which
map is currently displayed (Figure 3). In our example right now,

it is the ‘main’ map.

]
]

Figure 3: The Image Layers of T1 (2015) are displayed

3.4) Click on the up arrow in the lower right of the ‘Edit Image
Layer’ dialog box until the bullets are moved completely to the

T2 multispectral layers (Figure 4).
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Figure 4: The Image Layers of T2 (2021) are displayed

Step 4) Creating two independent maps

4.1) Right-click in the Process Tree and select Append New. Set
the Edit Process dialog box as Figure 5.

Algorthm Desciption
Execite al chid processes of the process

GIL Island Changes Algorithm parameters

Agorttm Parameler

execlte

Parameter Value

Condtion

Map From Parertt
Loops & Cycles

iv] Loop while something changes only

Number of cycles 1

o o oo

Figure 5: The Edit Process dialog box, named the Gil-Island Changes
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4-2) Right-click on the Gil-Island Changes and select the Insert
Child option. Set up all 'Copy Map' algorithm parameters as
Figure 6.

Edit Process

Figure 6: Process settings of algorithm ‘copy map’

4.3) The most important parameters of this algorithms are:

a) The 'Source Region' defines whether you want to create a
map from the full extent of the original scene or if a region is a basis
for the new map.

b) The ‘Target Map Name’ is where the name of the new map is
defined.

c) If the map to be created should have a different resolution,
this is defined in the ‘field Scale.’
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d) In the field 'Image Layers,' the Image layers needed for the
new map are defined. If nothing is set, all Image layers of the source
map are copied to the new map.

e) In the field 'Thematic Layers,' the thematic layers for the new
map are defined.

f) If "Yes' is set in the field 'Copy Image Object Hierarchy,' the
existing Image Object Levels are copied to the new map. If you want a
backup map, you will use this option.

4.4) The process settings to create the map for T1 are shown in

Figure 7.

Process Tree x

= »  GilIsland Changes
— = Create Maps
: ﬁ copy map te 'Map-1'
: E] copy map to 'Map-2'
fom USC-Map-1
i m USC-Map-2
----- = Synchronize both to main map
im Change Detection ocn main map

Main

Figure 7: Process Tree with a process to create the MapT1 highlighted

4.4.1) Double-click on the first child process ‘copy map to
'‘MapT1' to open it. In the Domain, the default settings are kept.
No threshold must be set, no specific map, as there is only one
existing.

4.4.2) The Source Region is kept as ‘none' because no region
exists, which could be the basis for the map. You shall copy the

full extent of the loaded subset to the new map.
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4.4.3) In the 'Target Map Name field," the name 'MapT1' is
entered. To insert a name for the new map, type it in.

4.4.4) In the field 'Scale,’ the default setting ‘Use current scene
scale’ is kept, as no change in resolution for the change
detection analysis is needed.

4.4.5) In the field 'Image Layers," only the layers from T1 are
chosen. The new map will then contain only these layers. Click
on the '..."' next to the 'Image Layers' field. The 'Select Image
Layers' dialog box opens (Figure 8).

Select image layers

= [0 = allayers

¥ = T1_blue
= T1_green
T1_red
= T1_SWIR
[V = T1_WNIR
B = T2vNIR
[ = T2_blue
[ = Te_green
= T2_red
[ =

Deselect Al Cancel

Figure 8: The 'Select Image Layers' dialog box, only the T1 Layers are

selected
4.4.6) To explore the new map, click on the 'Execute’ process to
create ‘MapT1’.
4.4.7) To display a map, use the dropdown list in the ‘View
Navigate’ toolbar, right beside the ‘Delete Level’ button. Select
‘MapT1’ (Figure 9).
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View Settings

rOEBR
¥l Image

Tibue O
Ti_geen

Tired

TIWNIR
TSR I

SECTION TWO

Map-1

Figure 9: The name of the displayed map appears in the lower right

corner of the viewer window, now ‘MapT1” is displayed.

4.4.8) Now repeat the settings mentioned above to create a map

for T2 (Figure 10).

Edit Process

Agorit

Parameter

Source region

Target map name

Use variable as scale
Scale reltive to main map
reite || Scke

Clackwise rotation angle

Parameter Value
Candition
Map From Parent

Copy image object hierarchy
Preserve cument chiject type
Visiblty flag

Compatibity made

Scale diections

Loops & Cycles

Number of cycles 1

Name Algorithm Description
Copies the selected map with the specified parameters.
T &
copy map to 'Map-2' Aigorithm parameters

Value
nane

Map-2

No

No

Use current scene scale

Fast

[ T2_blue, T2_green, T2_red, T2_SWIR, T2_VNIR
No

Yes

Yes

Yes

Iatest version

Plane orly

ok Cancel Help

Figure 10: The Edit Process dialog box, process settings to create the

Map-T2.
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4.4.9) Examine the algorithm parameters as the process before;
the default settings are kept for the Domain. Here, of course, the
"Target Map Name' is 'MapT2'. In the field 'Image Layers," only
the layers of T2 are chosen. Then, Execute the algorithm.
4.4.10) To evaluate both new maps, first open a second viewer,
then display T1 in the one, T2 in the other viewer. Link both
viewers with ‘Side by Side’ mode. To open a second viewer, go
to the main menu Window and select either ‘Split Horizontally’
or 'Split Vertically." Then, click in the left viewer window to
make it active and select MapT1 from the dropdown list in the
‘View Navigate’ Toolbar.

4.4.11) By finishing up the first stage, click in the right viewer
window to make it and select MapT2 from the drop-down list in
the 'View Navigate' Toolbar. Then, go to the main menu
'Windows' and select 'Side by side View." After that, you need to
zoom in on maps T1 and T2 and compare the differences in both
maps. Especially the water is quite different in the two maps
(Figure 11). Two maps are created, and then the views synchronized:
MapT1 (left) and MapT2 (right).
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Map T1: 2015 I MapT2: 2021

Figure 11: Synchronized MapT1 and MapT2

Step 5: Classifying water in both maps independently

Now that you have two separate maps, you can segment and
classify both individually. It means you can create two
independent Image Object Hierarchies within one project,
separated into two maps. Which process is applied to which map
is controlled by the algorithm Domain? If you need to apply
several processes to a map, you can define the map in the parent
process as a domain and use the settings 'From Parent' in the
subsequent child processes.

5.1) When setting up maps T1 T2, right-click on the Process
Tree and select Add New Process. Then, select the Cluster
analysis (Unsupervised Classification) algorithm from the

Algorithm list to see the Edit Process dialog box (Figure 12).
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Edit Process

Hame Agorithm Descrption
; ISODATA unsupervised classfication algorthm.
o F,

on Map- - cluster analysis (ISODATA) [T1_blue. T1_green T1| Agorihm pameters

Value
No

[T1_blue. T1_green. T1_red. T1_SWIR. TI_VNIR ]
UsC-2015

2

i
Map Map-1 Minimum cluster distance

Loops & Cycles
I Loop while something changes orly

Number of cycles 1

e - b

Figure 12: Edit Process dialog box set to Mapl with the USC
algorithm
5.2) To run the USC algorithm, you may prefer to set all

parameters as default settings that it shown in Figure 12. More
details on the functionality of all required parameters are stated
in Table 1.

Table 1: Required parameters for USC Functionality

Function Algorithm Description
Supported Pixel Level; Image Object Level; Current Image Object;
Domains Neighbor Image Object; Super Object; Sub Object;
Linked Objects
Algorithm Parameters that have to be set to run USC algorithm
Parameters

Use Input Layer | Choose whether to provide your input layers in a layered

Array array or select the layers explicitly.
Input Image Select the layers to be considered for cluster analysis.
Layers
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Output Layer Define the name for the temporary layer that contains the
Name result of the cluster analysis (cluster IDs).

Number of Define how many times the clustering algorithm will
Iterations iterate.

Maximum Define the maximum number of clusters to be created.
number of

clusters

The Initial Define an initial number of clusters to be created.

number of

clusters

Minimum Define the minimum number of pixels per cluster.

cluster size

Maximum Define the standard deviation that has to be exceeded for
standard cluster splitting to occur. A value of 0 means that splitting
deviation is always allowed

Minimum You can define a distance threshold for cluster centers. If

cluster distance

cluster centers are closer than this, clusters are merged. A

value of 0 means that this threshold is ignored.

5.3) When you set all parameters, click on the Execute button to
produce the USC ISODATA output map with a defined number

of classes (Figure 13).
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Figure 13: Selecting image layers for the Map-1 classified by USC
algorithm
5.4) Do not forget to select the image layers (for the Map-T2

bands) with adequate information in the USC procedure as

Figure 14.

R Progess J =

Figure 14: Edit Process dialog box set to Map 2 with the USC
algorithm
5.5) The result of the USC algorithm for Map 2 is shown in

Figure 15.
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Figure 15: Selecting image layers for the Map-2 classified by USC
algorithm
5.6) Figure 16 shows many details on the Visual comparison of

the Gil Island Caspian Sea changes.

Figure 16: Visualizing change detection on RGB images, NFDWI
values, and USC results adjusted for the Gil Island, Caspian Sea
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5.7) Changes in the Caspian Sea water depletion trend for seven
years is quite visually detectable. Most likely, due to climate
change in the region, the trend of lowering the water level in the
coming years will be quite tangible. Such changes will lead to
negative changes in the region's coastal environment, animal

species, and downbeat economic and social problems.

Step 6: Other complementary applicable methods

Based on the OBIA capabilities, there is more eCognition
software to develop the current change detection procedure as:
6.1) For a different stage, you may prefer to create a few index
layers such as NDVI by applying Index Layer Calculation
algorithms (please notice previous tutorial contents). Such
spectral indices could be used along with different segmentation
and classification process.

6.2 The next step would be to introduce a multi-threshold
segmentation based on the USC outputs. They effectively help
you to move to the most advanced OBIA techniques.

6.3 After both maps have been classified, they could be
synchronized back to the main map. With their different
classification of water, the two levels will form the basis for a
change detection procedure.

6.4) To reduce the rate of inaccuracy that may introduce in the
USC steps, you may prefer to apply a few more object-based
analyses. For example, Remove Object algorithm considering

neighborhood properties or context information) inside the
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eCognition software, such as removing small doubtful objects
from the USC result that will considerably improve the final
USC map.

6.5) At least one application field of maps is for real change
detection; there are more algorithms for both time points (T1,
T2, T3, and so on) inside the eCognition 9.5.

Sum Up:

eCognition offers many Geoscience analysis methods:
supervised and unsupervised machine learning, deep learning,
knowledge-based analysis with Fuzzy Logic and threshold
conditions, all together to run OBIA procedures. For
unsupervised classification, we tutored the possibility of
executing an ISODATA cluster analysis addressing part of the
Caspian Sea, subsetted coastal, by processing two sets of
Sentinel-2 imagery. You learned how to place maps in one
project. After that, you understood that ISODATA could
categorize continuous pixel data into classes/clusters with
similar spectral-radiometric values. Indeed, you learned how to
apply a 'copy map' algorithm that can be used for multi-scale

image analysis.
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Tips:
1)

2)

3)

Informative Practices

USC is where the outcomes (groupings of pixels with common
characteristics) are based on the software analysis of an image
without the user providing sample classes.

USC algorithms discover hidden patterns or data groupings
without the need for human intervention.

The 'copy map' algorithm's most frequently used options are:
defining a subset of the selected map using a region variable,
selecting a scale, setting a resampling method, copying all
layers, selected image layers, and thematic layers, and copying

the image object hierarchy of the source map.

Workouts:

1)
2)

3)

List the different methods of image classifications.

Apply the current tutorial methodology to the Sentinel-2 data
for the Caspian Sea major islands for the years 1995 and 2000
and compare the results.

Use an NDWI spectral indexing and multi-threshold
segmentation algorithm to detect changes on the other coastal

sides of the Caspian Sea.

Quizzes:

1)

2)
3)

What is the difference between object-based and pixel-based
classification?

Is object-based classification supervised?

Which classification method is better for the high-resolution

satellite imagery?
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