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FOREWORD

Nowadays the importance of coastal regions and their resources, particularly for small island
developing States, hardly needs argument. The challenge lies in arriving at enduring solutions
to the complex problems facing these unique areas, where considerable ecosystem services
and high human population pressure coincide.

In publishing Applications of Satellite and Airborne Image Data to Coastal Management, the
Seventh Computer-based Learning Module for Bilko in 1999, UNESCO’s intent was to
continue making available to the user community, a series of interactive lessons designed to
explain how to use satellite and airborne remotely sensed imagery as an aid for coastal and
small island management. The original module (published as Coastal region and small island
paper 4) proved very popular with users worldwide, and had to be reprinted to meet demand.
This Third Edition has been completely revised to make full use of the additional
functionality and major enhancements of the latest version of the Bilko software (Bilko 3) and
has had two extra lessons added.

The first Bilko learning module was published by UNESCO in 1989 as No. 70 in the Marinf
series, sponsored by the former Division of Marine Sciences as part of an effort involving
scientists and others in a number of countries. It provided a unique service to the international
community by furnishing institutions and individuals with learning materials, free of charge,
on the interpretation of image data from satellite, airborne and in-situ sensors. These
pedagogical materials have evolved over the past decade and a half for the development of
human resources and infrastructure, especially in economically less-favoured countries. The
Organization’s support has been continued as an activity of the Coastal Regions and Small
Islands (CSI) platform. Launched in 1996, CSI facilitates and supports intersectoral actions
that assist Member States towards environmentally sustainable, socially equitable and
culturally appropriate development in their coastal areas.

The Coastal Region and Small Island Papers series disseminates information to managers and
stakeholders to assist in the search for adequate solutions to coastal problems. This volume
was prepared in camera-ready form under the supervision and editorship of Dr. Alasdair
Edwards of the School of Biology of the University of Newcastle, UK. The editor and his
colleagues are congratulated for their excellent and diligent work.

Extra copies of this document, as well as a CD-ROM with the present and previous modules,
can be obtained free of charge and within the limit of stocks, by contacting:

UNESCO-Bilko Project Secretariat,

c/o V. Byfield, Southampton Oceanography Centre,
European Way, Southampton SO14 3ZH, United Kingdom
Fax: +44 238 0596400

E-mail: module7@unesco.bilko.org

Website: http://www.unesco.bilko.org/

DIRK G. TROOST,
CHIEF, CSI
UNESCO, PARIS, DECEMBER 2004
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EDITOR’'S NOTE

The majority of the world’s population live in coastal regions. Increasing competition for the
diminishing resources in coastal areas and the growing disparity between those who have and
those who have not, make coastal belts potential flash points for resource conflict. Often
these conflicts may be between, on the one hand the pressures of global tourism, poorly
implemented industrialisation, or inappropriate aquaculture developments, and on the other,
local communities dependent on coastal resources who find these threatened by such external
forces. To manage such coastal areas is a unique and complex challenge. Integrated coastal
management (ICM) seeks to rise to this challenge by co-ordinated planning and action
involving communities, stakeholder groups and managers at local, regional and national level
as well as both natural and social scientists.

As a first step to coastal management and planning, managers need to map existing coastal
habitats and resources and determine how these relate spatially to areas of urban, industrial,
aquaculture, tourism and other developments. This allows sites of potential conflict, high
biodiversity, inappropriate development, high sensitivity to environmental impacts, etc. to be
identified and for management initiatives and scarce resources to be targeted accordingly.

The primary tool for mapping coastal habitats and resources is remote sensing using satellite
sensors and, increasingly, airborne digital scanners. This remote sensing distance-learning
module, the seventh in the Bilko series, focuses on these coastal management applications. In
ten practical lessons it gives users a thorough grounding in a suite of coastal management
related remote sensing tasks, ranging from acquisition of appropriate imagery and
interpretation of coastal images, through geometric, radiometric and water column correction,
to sun glint removal, mapping of coastal marine habitats and quantitative assessment of
seagrasses and mangroves. The module seeks through its training to improve the quality of
spatial data available to coastal managers and planners and thus ultimately to improve the
management of the coastal resources on which local communities depend.
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INTRODUCTION

This is a revised and expanded version of the seventh computer-based learning module prepared in
UNESCO'’s Bilko project. This was the first developed to support the Coastal Regions and Small
Islands platform (CSI: http://www.unesco.org/csi). It has been revised to make use of the latest version
of the Bilko software (Bilko 3). Like its predecessors, it contains a series of lessons based on the
display of data in image form and it demonstrates the processing and interpretation of these images
using Bilko. Like the first edition of Module 7 published in 1999 it requires that Excel (or a
spreadsheet package which can read Excel files) also be installed.

Coastal management

Module 7 (first published in 1999) was the first thematic module and is strongly orientated towards
coastal management applications in tropical countries.

Habitat maps derived using remote sensing technologies are widely and increasingly being used to
assess the status of coastal natural resources and as a basis for coastal planning and for the
conservation, management, monitoring and valuation of these resources. Digital sensors commonly
used for coastal management applications have spatial resolutions ranging from about 1-80 m and
spectral resolutions ranging from a single panchromatic band to around 16 precisely defined
wavebands which can be programmed for specific applications. Costs of imagery range from about
£0.25k for a low-resolution (80 m pixel) satellite image covering 35,000 km? to perhaps £80k for a
high-resolution (3 m pixel) airborne multispectral image covering less than half this area. In addition,
high-resolution analogue technologies such as colour aerial photography are still in routine use.
Coastal managers and other end-users charged with coastal planning and management and the
conservation and monitoring of coastal resources require guidance as to which among this plethora of
remote sensing technologies are appropriate for achieving particular objectives. To this end the UK
Department for International Development (DFID) funded production of a Remote Sensing Handbook
for Tropical Coastal Management, which was published by UNESCO in 2000. Module 7
complements this Handbook by providing training for practitioners on how to carry out key image
processing steps that are particularly important for coastal management applications. It also guides
practitioners in the mapping of coral reef, seagrass and mangrove ecosystems and the quantitative
assessment of the status of the latter two resources using airborne and satellite imagery.

The satellite and airborne images used in this module are primarily of the Caicos Bank area of the
Turks and Caicos Islands which lie to the south-east of the Bahamas. This area was chosen as a test
site to discover what coastal management objectives are realistically achievable using remote sensing
technologies and at what cost. This site offered good clear-water conditions, a broad mix of coastal
habitat types, a very large area (>10,000 km?2) of shallow (<20 m deep) coastal waters that would be
amenable to the technologies. Module 7 builds on the experience gained in our investigation for DFID
of the capabilities of the range of sensors in wide current use. The objectives of using remote sensing
should always be clearly defined so that appropriate imagery is obtained and adequate processing is
carried out. The objectives of coastal managers in using remote sensing are listed below.
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Uses of remote sensing in the coastal zone

Worldwide, sixty coastal managers and scientists (out of 140 contacted) responded to a questionnaire
in which they were asked (a) to identify what they saw as the primary applications of remote sensing
and (b) to prioritise the usefulness to them of various levels of information on coastal systems.

The most in-demand applications of remotely-sensed data were to provide background information for
management planning and to detect coastal habitat change over time (Figure 1). The term “background
information” reflects the vagueness with which habitat maps are often commissioned and indicates a
need for objectives of remote sensing surveys to be defined more rigorously. 70% of respondents who
were using remote sensing for change detection were concerned with mangrove assessment and/or
shrimp farming. The primary uses made of the habitat/resource maps are shown in Figure 1.
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Planning monitoring
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Figure 1. Responses of 60 coastal managers and scientists to a questionnaire asking them to identify
what they considered the primary applications of remote sensing for tropical coastal management.

Getting started: The full list of files needed for Module 7 is detailed in Appendix A.

The minimum recommended level of computing hardware is a Personal Computer (PC) with a
reasonably fast Pentium processor and 128 Mbytes of memory, which is running under Windows 98
or later. A graphics card that can display 24-bit colour images is recommended although 16-bit (High
colour) is adequate to view colour composites. The lessons are available over the World Wide Web
(http://www.unesco.bilko.org/) and on CD-ROM.

Lesson texts and other documentation are available as Microsoft Word (.doc) and Adobe Acrobat
(.pdf) files, which you can print from disk or edit to suit your specific training and educational needs.

Use of the module: Just one condition and one request are attached to the copying and distribution of
the material in this module. The condition is that the material may not be sold. The request is that if
you make use of this module, either the original or a copy, you fill in the reply sheet and return it to
the UNESCO-Bilko, c/o V. Byfield, Southampton Oceanography Centre, European Way,
Southampton SO14 3ZH, United Kingdom. The return of reply sheets helps us to assess whether our
modules are reaching the community for which they are intended, and so serves as a guide in
preparing new lesson material for future modules. A reply sheet is attached to the letter accompanying
this module and it is reproduced on page 253.
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Perspective: It is now over 15 years since the first memoranda on what has become the Bilko project
were circulated. For those of us who have been involved with the project since its inception, it was a
pleasure to experience the warm reception accorded the first module and a relief to see the steady
growth of the small community of interested teachers and researchers as subsequent modules were
published. We now have lessons from five continents and the present module will be available
worldwide over the internet.

With the increasing number of lessons has come an increase in the community that surrounds the Bilko
project. The first module was written by the founding group and distributed to colleagues known at
UNESCO to be interested in the teaching of marine sciences. Recipients were asked to make copies
freely available to colleagues and students, and to consider writing a lesson for publication in a future
module. The number, quality and variety of the lessons received are evidence that the recipients are
not content merely to use the materials provided, but do indeed think it worth while to contribute to
this exercise in improving the quality of teaching.

Since its earliest days, the prime objective of this project has been, by example, to promote excellence
in teaching. This is a demanding task, but the reports on existing modules are good. We are aware,
however, of two shortcomings relative to the original goals: lessons, while extensively reviewed and
edited, have not usually been subjected to the extensive student testing that is normally a prominent
feature in the development of computer-based lessons, and the range of topics covered remains
narrower than it need be given the power of the existing software.

You too can contribute: One purpose in writing this introduction is to ask your help. The project is
open to development along three broad lines, which may be described as relating to access, excellence
and community. All are asked to take part in this development, but key contributions will come from
those who teach their students using the lessons and offer their experience for the benefit of others.

The writing of Bilko 3 is an important development. We know that their experience in the classroom
has led many teachers to add their own questions and refinements to the published lessons. Our
objective is to enrich these lessons by pooling the knowledge that already exists in the network of
Bilko users. For this, we’d like questions, descriptions of student projects, alternative images and
alternative presentations. Please do not hesitate to send exercises, modifications or additional
explanations that have worked well with your students. It is a simple matter to link optional text to the
main lessons, and we hope to add several tens of exercises to the published versions of existing
modules.

All types of lessons are welcomed, provided they are based on data that make use of the Bilko
software. If you would like to contribute a lesson, you will find helpful guidance in two documents,
which can be downloaded from the Bilko website (www.unesco.bilko.org): Guidelines for Bilko
Authors.pdf and Technical Notes for Bilko Authors.pdf. As with most scientific educational literature,
contributed lessons are subject to editorial review before publication. To find out more, a useful first
step is to fill in the reply sheet at the end of this module. If you would like to discuss the matter
informally, do not hesitate to contact any member of the International Bilko Executive Steering Team
(IBEST).

Other modules: If you find this module interesting and would like to obtain copies of others in the
series, these are downloadable over the internet. See the Bilko website at http://www.unesco.bilko.org/
for further details or write to (or e-mail) UNESCO-Bilko, c/o V. Byfield, Southampton Oceanography
Centre at the address given on page 253. The contents tables of these earlier modules can be browsed
over the internet at the address above and are also reproduced in Appendix B.
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Background, conventions and getting started

BACKGROUND INFORMATION, NOTATIONAL CONVENTIONS
AND GETTING STARTED

Aims: To give you some background information on the Bilko v. 3 image processing software, to
introduce the topics covered and notational conventions used in the Introduction to using Bilko, and to
tell you how to start Bilko.

Objectives: You will learn the conventions used to refer to mouse and keyboard actions, menu
selections and files, and how to start the Bilko program.

Bilko is an image processing system developed for educational use and comes with lessons, images
and worksheets in ocean and coastal oceanography and in coastal management applications of remote
sensing. Its routines may be applied to the analysis of any image in an appropriate format and include
a wide range of standard image processing functions.

Bilko v. 3 is designed to run on PCs running Windows 2000 and Windows XP but runs happily under
Windows 95, Windows 98 or Windows NT 4.0 or later. It is optimised to help students learn the
techniques of remote sensing. It is assumed that potential users of Bilko are familiar with the Windows
environment and how to use a ‘mouse’. The software includes an integrated and detailed context-
sensitive Help system.

This introduction has been split up into a series of interactive tutorials, each of which introduce you to
one aspect of Bilko’s capabilities. If you have the time, you are advised to undertake each tutorial in
turn in the order they are listed below. Later tutorials may assume some familiarity with topics covered
in tutorials 1-6, which cover the essential basics.

Contents
Tutorial 1. Using Bilko Help.
Tutorial 2. Opening, viewing and saving images.
Tutorial 3. Using the image toolbar buttons to examine images and interpreting the status bar.
Tutorial 4. Using Histograms to interpret images.
Tutorial 5. Using Stretches to optimise image display.
Tutorial 6. Using Palettes to enhance display and create thematic maps.
Tutorial 7. Rectification (geometric correction) of images and resampling.
Tutorial 8. Editing and viewing coordinates, scattergrams and principal components analysis.
Tutorial 9.  Using Filters to enhance images.
Tutorial 10.  Using Formula documents to perform calculations on images.

The following typographic conventions and definitions are used throughout the introduction to using
Bilko.

Mouse buttons (description for right-handed mouse use)

Your computer may be set up so that you can open a file with a single mouse “click” (i.e. by
depressing the left mouse-button once) or it may be set up so that you need to “double-click” to open a
file (i.e. by depressing the left mouse-button twice in quick succession). In the text, we will just ask
you to “open” the file. “Right-click” means depress the right mouse-button once to bring up a menu
associated with the object under the mouse pointer. “Click” means make a single left-button click with
the mouse pointer positioned on the menu item indicated. Bilko also supports Microsoft IntelliMouse
scrolling and zooming features using the mouse wheel.
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Keynames

In this document the names of keys are written as follows: <Esc> for the Escape key, <Enter> for the

Enter or Return key (often marked ), <Ctrl> for the Control key, <Spacebar> for the Spacebar,
<Shift> for the Shift key, <Alt> for the Alternate key), <Tab> for the Tabulate key. On your own
keyboard the key caps may abbreviate the names or represent them a little differently.

Direction keys

The direction keys are the four arrow keys (T ¥ — <) on your computer’s keypad. The name of the
individual direction key refers to the direction the arrow points: the <Up arrow> key, the <Down
arrow> key, the <Right arrow> key, or the <Left arrow> key. You use the direction keys to move the
selection, the pointer, or the insertion point on your screen. For larger movements the <Home>,
<End>, <Page up>, <Page down> may be used. These keys may be used in combination with the
<Ctrl> key. Details of how to move the cursor around each type of Bilko document can always be
obtained by pressing the F1 (Help) key while the document is active and then selecting the link in the
help page to “moving around in a xxx” where xxx refers to the document type in question.

Combinations of keys and key sequences

A plus sign (+) between key names to press and hold down the first key while you press the second
key. For example, “press <Alt>+F” means to press and hold down the <Alt> key and press the F key,
and then release both keys.

A comma (,) between key hames means to press and release the keys one after the other. For example,
“press <Alt>, V” means to press and release the <Alt> key, and then press and release the V key.

Filenames and folder names

Names of files and folders (directories) are typed in bold italics. For example, if you are asked to
perform some operation on a file called “West_Africa.omp”, what you actually type is shown in an
Avrial bold italic font: West_Africa.bmp. The three-letter “extension” to filenames, which indicate the
filetype, are always shown to indicate what type of file is being referred to. This is useful as Bilko uses
some 20 different types of file.

Menu choice

In Bilko most entries are made by choosing an item from a menu. The convention adopted here is that
menu items are shown in Arial font bold face type as, for example, File and Help. Some commonly
used choices have toolbar buttons assigned to them. They can also be invoked by pressing <Alt> + the
underlined letter in the menu item. Series of nested menu selections are separated by commas, thus
select View, Reflect, in Both means go to the View menu and select the Reflect option and then
the in Both sub-option.

Screen shots

To augment instructions and descriptions in the text of the tutorials, details from many screen shots are
included. The exact way that Bilko will look on the screen varies between different Windows operating
systems (e.g., it looks very different in Windows 95 and Windows XP Professional), thus do NOT
expect the dialog boxes to look exactly as on your computer.
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Getting started

On most Windows systems the [Eull=gulildi]E ﬂg{
default settings for Windows Vi :

Explorer are set such that the Hide = @&neral ¥isw | Fite Types |
file extensi_ons for known file types — Ealidkr wicmes
checkbox is checked. In order that
you can easily distinguish the G 'ou can make all your folders ook the zame.
different file types that Bilko USG_S, Like Current Folder Beset &l Folders
you should make sure that this
checkbox is blank (unchecked) as

in the picture to the right. tdvanced settings:
Activity: To do this you [ Files and Folders =
should open Windows O Allow all uppercase names

Explorer and  select @ [ Display the full path in title bar

Folder Options which (L] Hidden files

is available from the Explorer ) Do nat show hidden files
View or Tools menu, depending {2 Do not show hidden or system files

on your version of Windows Show oll files .

Explorer. Then click on the View (MR Hide fil= extensions h:nrl=:.r'un.-'-.lr'| file t_l,lpEe:s: |
tab of the Folder Options dialog Remember each folder's view settings

. . . [ Show Map Netwark Drive buttan in toalbar

box. If the Hide file extensions for o .

K fil heckb . Show pop-up description for folder and desktop items.

nown e type; ¢ ec_ (.)X 1S [ Visual Settings j
checked, uncheck it by clicking on

it. You will now be able to see the E—— |
file extensions within Bilko. HOE A
Making the file extensions visible Ok el | o |
can be particularly helpful when anee 2Py

you are saving image files in

different formats but wish to keep the same filenames.

If you’ve installed Bilko yourself on your own PC, you can start the program either by
opening the Bilko short-cut on the Windows desktop or the Bilko program icon in the Bilko
directory which by default is installed in your Program Files folder. If you are working on
a network, your instructor will inform you where the Bilko icon (see left) can be found so

that you can start the program.

Activity: Open the Bilko program (i.e.
single-click or double-click on
the Bilko icon — see above) to
start Bilko. Then make sure the
UNESCO BILKO application
window (see right) fills the
screen Dby clicking on its
Maximize button. This gives
you plenty of space to view
images and other Bilko
documents.

The Main Bilko Menu

ili: UNESCO Bilko
File

N2 e =

Wiew Help

|Far Help. press F1 | | | | | i

You have three options in the menu bar: File, View and Help. We will discuss using Help first as
this is particularly useful when you are starting to use Bilko and are unfamiliar with its capabilities.
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Using Bilko Help

1. USING BILKO HELP

Aim: To introduce you to the versatile and integrated Bilko Help system.

Objectives: You will learn how the access the in-built Help system of the Bilko program which
provides information on all the functions of Bilko. You will become aware of the several different
ways of accessing this useful source of information, which can be used when you are unsure about

some aspect of using Bilko.

Before you do anything else you ought to familiarise yourself with the
powerful Bilko on-line Help system. This system works like web pages
and provides useful information on the full range of Bilko menus,
commands, dialog boxes and functionality. Don’t spend too long on this
section which is primarily intended to alert you to the Help system so

that when you do need it; you know how to access it.

Activity:

_| Help

Contents

| e

Search

About LMESCO Bilko...

Click on Help and the drop-down menu gives you three useful options: Contents,

Index and Search. Initially, select Contents and something similar to the following
window appears. [Note: Alternatively, you could have just pressed the F1 key and clicked
on the Contents tab.]

If you move the mouse
pointer over topics in the
right-hand pane of the
window (normally in blue
but displayed in deep red
after use), these become
underlined when the
pointer is over them and
the pointer changes into a
hand. If you now click the
left-button of the mouse
you will get information
on the selected topic.

The information in the
Bilko Help screens gives
guidance on all aspects of
how to use the image
processing software. You
should  consult  Help
regularly  whilst going
through the Introduction.
to using Bilko tutorials.

E? Bilko Help [_ O]
A
Hide Hash Home  Optionz

Contents |Iude:< | Search | Favorites |

T}eilko Help Indes:
@ Baszic Concepts
@ Document Types
@ Imparting and Exporing
@ Managing Files
@ Commands
@ Diglon
@ Heyhoard and Mause
@ Definitions

Bilko Help Index

To choose a topic, press Tab to
select the underlined topic yau
want to view, and then press
Enter. wWith the mouse, point to
the topic you want to view, and
then click the mouse button,
Soroll down to see more
topics, To return to this topic,
select the Home button from
the Help taolbar,

How to use Bilko

m Basic Concepts

m [Document Types

m Importing and Exporting
m Managing Files

Reference

Cormrands
Definitions

Dialog Boxes
Keyboard and Mause

[ /|

Note: The quick key to access help is the F1 function key. The Help offered will depend on what
document is the active document; thus if an image document is the active document and you press F1,
you will get the Help page related to Image Documents; whereas, if a histogram is the active
document, pressing F1 will give you the Help page related to Histogram Documents.

Activity:

Select Basic Concepts from the right-hand pane, then Using Help from the list of links

offered. Note that this page offers some advice on how to use Help so that it doesn’t take
up too much of the screen. Finally, click on the context-sensitive help link and scan this
page for future reference. Since this is a particularly useful page, we suggest that you
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click on the Favorites tab and use the = Add | button to add the Context-Sensitive
Help topic to your Help Favorites. Explore very briefly what the Index, Contents and
Search options have to offer by clicking on their tabs and then pursuing one or two
inquiries.

Use of the two buttons to the right of the toolbar

K2 Clicking the first of these two buttons on the toolbar brings up a window entitled About
UNESCO BILKO which contains information on your computer such as the amount of
memory and disk space available. The second (context-sensitive Help) button may be used to make
specific Help queries about menu items, other toolbar buttons or the Bilko environment.

Activity: Click on the context-sensitive Help button, or press <Shift>+F1 whilst the main Bilko
window (not the Bilko Help window) is the active document. In either case, the mouse
pointer changes to an arrow and question mark and now looks like the right-most toolbar
button. Move the pointer to File on the menu bar and press the left mouse button whilst
dragging the highlight until it is over Open. Now release the mouse button and help
information appears on the Open command. Note that both the toolbar button and the
keyboard shortcut for opening a file is displayed as well as some information on opening
files and links to related information.

Click on the context-sensitive Help button &2 again and move the pointer until it is over
the Status bar at the bottom of the Bilko main window, then click on it. You will activate
a Help page on the Status Bar. If not all the page is visible and you have a wheel mouse,
rotate the mouse wheel towards you to scroll down the Status Bar help page. [Note: Bilko
supports Microsoft IntelliMouse scrolling and zooming features using the mouse wheel.]

Finding out about Bilko’s different document types

Bilko uses ten main types of files or ‘document types’ and you will need to know something about all
these different document types to use Bilko effectively. Indeed, the majority of the Introduction to
using Bilko tutorials seeks to help you to learn about how and when to use these different document
types. A good starting point for information on each type is the Help folder called Document Types.

Activity: Click on the Search tab, type in “document types” as the word(s) to be searched for and
click on the List Topics button. Near the top of the list of titles generated by the search
should be one called Document Types. Select this title and click on the Display button.
Links to information on the ten main document types (Table 1.1) will be displayed. You
may wish to add this help page to your Bilko Help Favorites. [Note: Hierarchical image
documents are really just a type of Image document but because of their importance and
complexity are dealt with separately, making 11 links in total.]

Note: Images can be opened in a wide variety of formats and saved to disk in several formats; these
are discussed in more detail in the next tutorial.

Table 1.1. The main document types used in Bilko with their extensions.

IMAGES (.bin, .gif, .nc, .hdf, .n1, .tif, .bmp, etc.) TRANSECTS (.tsc)
FILTERS (.flt) FORMULAS (.frm)
HISTOGRAMS (.hst) SCATTERGRAMS (.sct)
PALETTES (.pal) TABLES (.tbl)
STRETCHES (.str) SETS (.set)

Activity: To find out more about the different document types, briefly explore these links. The
different document types are central to how Bilko operates so it is important that you
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understand a bit about them. Explore the information on the document types sufficiently
to answer the three questions below.

Question 1: Where is the default origin of an Image document without geographical coordinates and
what are its (row and column) coordinates?

Question 2: What does the information in a Stretch document relate to?
Question 3: What information do Histogram documents contain and how is this represented?

At this point it is perhaps most important just to know that Help has information on each document
type and where to find it. Note: the best starting point for information on each type of document is its
page in the Document Types help folder.

Some further tips on using Bilko’s integrated context-sensitive Help when using dialog boxes and
specific document types will be given in later tutorials. Now that you are aware of the in-built
guidance which Bilko’s Help menu can give you, you are ready to start using Bilko in earnest. Firstly,
you need to learn how to open, view and save satellite and airborne images in Bilko.

13
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Answers to Questions
Using Bilko Help
Question 1

The default origin of an Image document without geographical coordinates is at the top left-
hand corner of the image; it is at column and row coordinates (0, 0).

Question 2
The information in a Stretch document relates to the contrast enhancement of image data.
Question 3

Histogram documents contain frequency information relating to image pixel values in the
region of the image currently selected. This information is represented as a chart of frequencies of
each pixel brightness value (or if more than 1500 possible values, the frequency of pixels in each
“binned” pixel value class).
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2. OPENING, VIEWING AND SAVING IMAGES

Aim: To introduce you to the details of opening, viewing and saving images in Bilko.

Objectives: You will learn (i) how to open a complex binary “flat file” image, (ii) details of the
structure of images, (iii) how to save an image in Bilko data format, (iv) how to connect related images
so that they can be readily compared or made into colour composites, (V) to create a “set” of related
images, (vi) how to zoom in and out of an image, and (vii) how to open a hierarchically structured file
in a format such as N1, HDF or netCDF.

To make use of the Bilko software it is necessary to provide an image on which to perform the
available operations. Bilko works with various types of ‘documents’ (files), as was noted in the Using
Bilko Help section. If you are on a computer network, find out the drive and folder where images,
palettes, stretches and other files used by Bilko are stored in case you need to tell the program software
where to find them.

Activity:  Click on the File menu: note that the names of [File Yiew Help

the six most recently used files are indicated on Mew ChlsN
the menu (see example to right). Then click on Epeﬁ” ChlsD
Open. This brings up the Open dialog box, —
which will initially be looking to list files of the Fiint Setup...
IMAGES document type, since nothing useful
can be done until an image is opened. [Note:
make sure the Extract and Apply check boxes
are checked, and the Minimize button is
unchecked for this tutorial].

1 Deglinting_band1 ¥ frm

2 5t_John_USYI]_CAS| zet

3 5t_John_USVI_CASI#OT. dat
4 5t _John_USVI_CASI#19.dat
55t John_USWI_CASIH#13.dat
Images may be stored in a number of formats, which are B 5t_John_USYI_CASI#12 dat
denoted by the various file extensions in parentheses after

E xit

IMAGES in the Files of type: box (see below). In order to
introduce you to the range of options available for opening images, you will start with a complex
image; as you will see later, opening images is normally much more straightforward. Once you have
mastered how to open this complex image you should be able to open any appropriately formatted
image in Bilko.

Activity: The file you will work with first is called AVHRR_1D2497481.bin. If this is listed in the
File name: list box, double-click on it to open it.

If necessary: Use the Look

— : : in: box to tell Bilko where

Loak in: I i Mew Introduction ﬂ ﬁl the images are stored

(3 Composite Cazi_16-bit_unzigned#2. bin @Littlepnrt_T (”Orma”}’ t_he Introduction

v HRR (D 2497481 bin S (o e @ Litlepor_7 | folder within the Module07

-l & HRF_Mulls#02. brap @ Global 55T Dec200Dgi (@) Litleport_T | OF later module folder) and

il &4HRA_MullsH04 brop (& Lileport_TM#01 gif @ Mulls_coas | then click on AVHRR_

Sl AVHRR Mulls col0dbmp () Litleport_TM#02. gif ID2497481 bin followed by
(28] & HRR_Wwest_Aficati0d. dat (5 Litieport_TMH#D3 i the w button.

( | N This will start the process

of displaying the image file

File name:  |4WHRR_ID 2497481 bin | Open | named AVHRR_ID2497481

.bin. This is a so-called

Files of type: | IMAGES (bmp,dat gt pex bir b titnc.r] 7] Cancel | binary “flat file” which can

v Extract M &pply [T Minimize be reaq by most .Image

4| processing programs if you
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know its structure.

In this case you need to tell the computer what the structure of the binary file is in some detail as it is
very different from the default settings (512 pixels per line, 256 lines, 8-bit unsigned, BSQ, 1 band
only, etc.). The details of the AVHRR_1D2497481.bin image file are as follows:

(i) the image has no header (Header Length: is 0),
(ii) it has 737 Pixels per Line: (i.e. the image has 737 columns or its DX: = 737),
(iii) the Number of Lines: per band is 567 (i.e. the image has 567 rows/lines; its DY: = 567),

(iv) the Pixel Format: is 16-bit unsigned (i.e. each pixel value is stored as an integer value in
2 bytes = 16-bits, with no negative values); there is no need to “Swap bytes” as the flat binary
file was created on another PC. However, if it had been created on an Apple Macintosh or
Unix system, then you might have needed to check this box (see Bilko Help for further
details).

(v) the Number of Bands: is 5,
(vi) you want to display all bands, so set First Band: to 1 and Last Band: to 5.

(vii) the Interleave Format is BIL (Band Interleaved by Line). This means that the first 737
pixels [stored as 1474 bytes (= 2 x 737)] record data values in band #1, the next 737 pixels
cover the same strip of the Earth’s surface but record data values in band #2, the next 737
pixels the same strip in band #3, and so on). Thus line 1 of the image is recorded in each band
followed by line 2 in each band, and so on until line 567. Note the other interleave format
options, which are Band Sequential (BSQ) and Band Interleaved by Pixel (BIP) — see Bilko
Help if you do not know what these terms mean.

Open Az 2]
Attemphing to open AWHRRB_ID 2497481 bin az a Flat file.

Pleaze enter the fallowing information.

Header length [in bytes]: IEI Mumber of Bands:

11

Piwels per Line: iar First Band:
Mumber of Lines: a6y Last Band:
— Pirel Format — Interleave Format

[T Swap bytes " B50 i BIL " BIF

16-bit unzigned

k. I Cancel I1ze az Defaults

Activity: Click on the Help button 2] at the top right corner of the Open As dialog box and note
that the context-sensitive help pointer appears. Move this over Pixels per Line: data
entry box in the dialog and click the left mouse button. A popup with help relating to
this part of the dialog box appears. Click on the 2] button again, move the pointer over
the BIL radio butto_n area an_d click for help on_thls mter_leave rae | R
format. Then try right-clicking on the BIP radio button; you what's Th

. . . . . . at's Thiz?
will be offered a What's This? dialog (see right). Click on this
and help on BIP interleave format appears. Remember that Help is never far away!

like the image above. When finished, click on |
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If the Extract checkbox is checked, then you
have the option at this stage to just display
part of an image (i.e. a “Window” within an
image). In the Extract dialog box (right) the
First: X and Y boxes allow you to set the
pixel where the image window begins (top
left of rectangle within the image) and the
Last: X and Y boxes allow you to set the
pixel where it ends (bottom right of a
rectangle within the image). Unless the file
you are looking at is very large you will
normally wish to display all pixels. In this

Extract AYHRR_ID2497481 bin 737 X 567 |

—Wfindow

First;
Lazt:

Sample:

b Y

|?35

oK |
|m— ||3— Cancel |
Use 3 Defauts |

IEEE Ize az Defaultz

|1

I'I [ | Extract

case Sample: will be set to 1 for both x-axis (columns) and y-axis (rows). If Sample: is set to 2 for the
x-axis (columns), then every other pixel on each line is displayed. If Sample: is set to 2 for the y-axis
(rows) then every other row of pixels will be displayed.

Activity: For now, uncheck the Extract checkbox (to
. i Redisplay | ®
the bottom right of the Extract dialog box) i L1 2]
as this will not be needed for this image, but _ -
leave the Window settings as they are. Then | AVHRR_ID2437481 #01 bin [
click on | || or press <Enter> to | -Image DataRange
open the image. A Redisplay Image dialog Mir I_ b g I_?E'E
box will appear for each band. Note that the - -
minimum and maximum values (often ™ MullValuels] |== j ||:|
referred to as DNs = Digital Numbers) in
each waveband of the image are listed. For _
the AVHRR (Advanced Very High | [f2tetehaettings
Resolution Radiometer) sensor these DNs are Mir: |—53 M I—?E'E
between 0 and 1024. Ignore the Redisplay . =
Image dialog box for now and just click on Use: ILinear r——— =]
Apply for each band until all 5
wavebands of the AVHRR satellite image are
displayed. Select the band #2 image &pply | | Close I
(AVHRR_ID2497481 #02.bin) and examine
it. If it looks recognisable then congratulations, you’ve opened the image successfully!
[Note: the image may be a little dark on poorly set up monitors; if so, increase the
brightness]. If it looks a mess, then go through the sequence again being very careful to
make sure the Open As dialog box values are filled in correctly.
Question 1:  What are the five main countries in the area covered by the image?
Note: i) that each image is displayed in shades of grey and has a grey scale with 256

brightness levels (ranging from black=0 to white=255) displayed beneath it,

ii) that the menu bar has EUE{IL TR {eil:HIGEETETS

changed with four new menus  File Edit ¥iew Image Stetch Window Help

(Eait, Image, Stretich and |0y g B2 @[O0\ +(& ? M E
Window) appearing.

To manage efficiently the 5 different wavebands (all recorded at the same time), which together
provide our AVHRR image data, we can “connect” them using the Image, Connect menu option.
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Activity: Select Image, Connect to bring up the Connect dialog box. You should see a list of
the five constituent image files read from the binary flat file. Select all five images',

check the Stacked option, and then click on . The 5 bands are now

“stacked” like a series of layers with band #1 on top and band #5 on the bottom. Use the
<Tab> key to view each band in turn. Note how the relative brightnesses of the bands
differ with band #3 being much brighter. You can automatically flip through the bands by

clicking on the Loop button HE . To stop the loop, click the button again.

Note: This provides a useful way of comparing images of the same area taken at different
times as well as comparing the same scene recorded in different wavebands.

Opening a binary flat file is not very convenient because you need to remember all kinds of
information about the file in order to open it. So your next task is to store the file in Bilko data format
(.dat file format) so that you can open it more easily.

Activity: Make sure band #1 at the top of the stack is the active file. Select File, Save As from
the menu. In the Save As dialog box select the folder where you want to save the images
in the Save in: box (if necessary) and make sure that Bilko .dat is selected as the file type
in the Save as type: drop down menu (this should be set as the default file type). The
File name: should now be set to AVHRR_1D2497481 #01.dat. Click on to
save band #1. Press the <Tab> key to move to band #2 and repeat the save as process to
save band 2 in Bilko .dat format. Then repeat for the bands #3 to #5 until all 5 bands are
in Bilko .dat format. When finished, use the <Tab> key to flip through the images in the
stack to check that they all now have .dat extensions.

Note: If the file pixel format for the images had been 8-bit unsigned (integer) you could have saved the
images in CompuServe .gif format or in Windows .bmp format.

Since the 5 images are all likely to be used together, now that they re in Bilko .dat format, you can
further simplify opening them by saving them as a “set” of image files which can all be opened
together (rather like the original wavebands were combined together in the original binary flat file, but
much simpler?).

Activity: Select File, Save Set and in the File name: box enter AVHRR_1D2497481, then click
on the Save button. Once the set is saved, select Window, Close All to clear all the files
cluttering the Bilko workspace.

Now click on File, Open and in the Open dialog box select SETS (*.set) from the Files
of type: drop-down menu and then either double-click on AVHRR_1D2497481.set in the

file list or click on it once and then click . This time, in the Redisplay

Image dialog box, use Auto linear stretch as the stretch setting (this is discussed further
in Tutorial 5), and then click on the Al | button. The stacked set of images is
restored and can be tabbed through as before.

To create some colour you can display three of the AVHRR wavebands through the different colour
“guns” on your colour monitor. Your monitor has Red, Green and Blue (RGB) colour guns each of
which can take any intensity value between 0 and 255. When you “connect” three or more images
(using Image, Connect) you can assign them to the different colour guns using the Selector
toolbar. Since you already have a stack of connected images you could just select Image,

! Hint: If you click on the top image on the list (AVHRR_1D2497481 #01.bin), hold down <Shift> and then
click on the bottom image (AVHRR _ID2497481 #05.bin) you can select all the images at once. If you wanted
to select just the band#1, band#2 and band#4 images, you would click on the top one (AVHRR _ID2497481
#01.bin), hold down <Ctrl> and then click on AVHRR_1D2497481 #02.bin and then AVHRR _1D2497481
#04.bin.
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Composite and the top three images or layers in your stack would be displayed as a colour
composite image with waveband #1 displayed in red, waveband #2 in green and waveband #3 in blue
(hence the colours associated with the filenames in the Selector window of the stack).

Activity: Select Image, Composite. You will get a rather hazy blue image.

A more pleasing composite image is created using bands #1, #2 and #4.

Activity:  Select Image, Connect and select bands #1, #2 and #4 (AVHRR_ID2497481 #01.dat,

connected images will appear along with a Selector toolbar (see right)
near the middle of the screen. The button numbers correspond to the _|_|_|
RGB gun order (R=1, G=2, B=3). For this colour composite you should

put waveband #1 through the red gun (button 1), waveband #2 through the green gun
(button 2), and waveband #4 through the blue gun (button 3). Just click each button in
order from left to right to do this. Then select Image, Composite. You will get a
somewhat better false colour composite image with land of a greenish colour and the sea
dark. Before proceeding further, close (i) the hazy blue composite, (ii) the 3 connected
images tile, and (iii) the set of 5 stacked images, but leave the nicer colour composite
open.

To examine this image more closely you can zoom in and out in various ways.

Activity: Right-click on the colour composite image and select Zoom from the menu that appears
(or click on View, Zoom). Enter 200 in the Zoom %: box to zoom in. Experiment with
other zooms set using the menu. Then try double-clicking on the image to zoom in. Try
holding down <Ctrl> and double-clicking to zoom out. Check how far you’ve zoomed in
or out using the View, Zoom menu or by right-clicking on the image and selecting the
Zoom option. Finish by setting the zoom to 100%.

It can be useful to save an image as a picture to put in a document once processing has been
completed. For example, one might wish to include a colour composite image in a report.

Activity: Firstly, note that the colour composite has three colour bars underneath the image to
indicate that it is composed of three images, each displayed through a different colour
gun on the monitor. With the colour composite as the active image select File, Save
As... Note that the default file type is Bilko .set (i.e. a set of the three images which make
up the composite). In this case you want a picture for a report rather than the three images
that make up the composite, so select Windows .bmp (Windows bitmap format). This is a
24-bit colour picture format. The default filename is informative, indicating which bands
have been used to make the composite image; however, you can change the name if you

wish. Once you are happy with the name click . This saves a picture
representation of the colour composite with the 16-bit unsigned integer values in each
band reduced to 8-bit values (on a 0-255 scale). Close the bitmap file and then reopen it.
Note that now it is a Windows bitmap it no longer has three colour intensity bars; close
the composite again.

Many satellite images come in hierarchically structured formats, a bit like complex sets of images;
these formats usually include considerable additional data apart from the images themselves. Many
datasets that are freely available over the internet are stored in these hierarchical formats. Widely used
formats include HDF (.hdf), the European Space Agency’s N1 format (.n1) and netCDF (.nc). Bilko is
able to read files in these formats, giving you access to huge amounts of valuable Earth observation
and oceanographic data from a range of satellites. Such datasets are complex and exploring any one
format in detail could be the subject of a lesson (or even several lessons!) in itself. Here you will just
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examine one of these images with its associated data. This is an MERIS (Medium Resolution Imaging
Spectrometer) image from the European Space Agency’s ENVISAT satellite.

Activity:

Question 2:

Open the file MER_RR__1 Mediterranean.nl, which is a MERIS image of the central
Mediterranean around Italy. For the purposes of this tutorial we have shortened the
filename (originally: MER_RR__1PNPDK20030813_094018_ 000022742019 00022_
07591_4499.N1). A window will open which displays the N1 hierarchical file structure
(see below). The images (bands) and associated metadata, flag codings and tie point
grids (to do with geolocating the image pixels), are listed as a series of nested folders on
the left pane of the window. The Metadata folder is open and its five constituent folders
are shown in the right pane. Examine the metadata folders by double-clicking on their

+ MER_BR__1_Mediterranean.nl =]
a Metadata Mame Data type | Size Attributes
-] Flag Codings LIMPH test 34
l:| Tie Point Grids LA 5PH bemt I8
-] Bands (3 Quality 4D5 table 0004 %0009 0

3 Scaling Factor GADS  text 11
(L Tie points ADS table 007+ 0071 0

folder icons or right-clicking on them and selecting Open Items. In the SPH (Specific
Product Header) folder you can find text indicating when and where the image was
taken, the number of bands and their wavelengths and bandwidths, etc. Note that two of
the folders contain tables of information. Using the SPH folder information answer the
following questions.

On what date was the MERIS image taken? How many bands were recorded?

Flag Codings are very important and indicate what the different values on a “flag” image included
with the bands mean. These “flags” indicate such things as where there is land, water, cloud, coastline,
sunglint, invalid data, etc. on the image. How to use these flag images is briefly introduced in the tenth
tutorial on using formula documents.

Activity:

Open the I1-flag codings folder and note that land is coded as 16 and coastline as 64.
Inspect the Tie Point Grids folder and note the fifteen sub-folders of information, which
aid geolocation, interpretation and processing of the image data. Finally, open the Bands
folder and note that there are 15 bands of radiance image data, a flags image and a
detector index image. Right-click on the radiance_1 folder in the right-hand pane and
select Open Properties from the menu that appears.

The properties of the band #1 image are displayed; these comprise a description, scaling factor and
offset, units (MW.m?2sr'.nm™), spectral band index, bandwidth (9.93 nm) and mid-wavelength
(412.545 nm). To open the band #1 image, you can either double-click on the radiance_1 folder or
right-click on it and choose Open Items.

Activity:

Experiment with opening the radiance_1 image. Close the image when you have
finished.

Click on the radiance_2 folder in the right-hand pane, hold down the <Ctrl> key and
then click on the radiance_5 and radiance_7 folders so that all three are highlighted.
With the mouse pointer over one of the highlighted image folders, right-click and select
Open Connected from the menu that appears. In the Redisplay Image dialog box,
check the Null Value:(s) == 0 checkbox, select Auto linear stretch and then click on the
All button to apply this stretch to all three images. This displays the MERIS band #2 (in
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the blue part of spectrum), band #5 (a green waveband) and band #7 (a red waveband)
images.

A stack of the three connected images will appear along with a Selector window. Click
on the drop-down list button of the Selector Selector
window and you will see band #2 in red, band
#5 in green and band #7 in blue (see right).
You want to create a colour composite with
waveband #7 displayed through the red gun,
waveband #5 through the green gun, and
waveband #2 through the blue gun. To achieve this you need to make the band #2 image
the third (@3 = blue) image and the band #7 image the first (@1 = red) image. Make sure
that the top (red) band #2 image is selected and press the <3> key. The colour of the
filename changes to blue (@3) and if you click on the drop-down list you will see that
band #7 is now in green. Select band #7 and press the <1> key. The colour of the
filename changes to red (@1) and you are now ready to create a colour composite with
each waveband displayed through the correct colour gun.

i (203 MER_RR__1_Mediterranean radiance_7.n1

Select Image, Composite. You should get a nice false colour composite image with
land of a brownish colour, the sea blue, and clouds and snow-capped peaks white.
Examine the image.

Finally, open the I1-flags image, select the whole image (<CtrI>+A) and apply an
automatic linear stretch (Stretch, Auto Linear). Note how the coastline, land and cloud
(“bright”) areas are delineated.

When you have finished close all open images by selecting Window, Close All. Do not
save any images.

In this section you have learnt how (i) to open complex images, (ii) to “connect” images to make
“stacks” of overlaid images so that images can be readily compared, (iii) to connect images to make
colour composites, (iv) to save images in various formats, (v) to link related images as “sets” so that it
is easy to work on them, (vi) to zoom in and out of images, and (vii) to open a complex hierarchical
image and associated data file.

In the next section you will learn how to use the image toolbar selection buttons and the status bar
to find out more about the image.
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Answers to Questions
Opening, viewing and saving images
Question 1

The five main countries in the area covered by the image are Spain, Portugal, Morocco, Algeria, and
France.

Question 2
The MERIS image was taken on 13 August 2003. 15 bands were recorded.
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3. USING THE IMAGE TOOLBAR BUTTONS TO EXAMINE IMAGES AND
INTERPRETING THE STATUS BAR

Aim: To introduce you to using the image toolbar selection buttons and to interpreting the information
provided in the status bar panels.

Objectives: You will learn to interpret the panels of the Status Bar for an image document, the
distinction between underlying and display data values, use of point selection, line selection (transect)
and box selection buttons, use of Go To function from the Edit menu, and how to select a sub-area of
an image and save this as a new image.

Pre-requisites: To do this tutorial you need to have completed the tutorial on opening, viewing and
saving images and in particular have created the image file AVHRR_1D2497481 #02.dat.

Activity: Open the image AVHRR_1D2497481 #02.dat using the default settings but make a note
of the minimum and maximum values of the image
data in the Image Data Range part of the Redisplay 100% 0000 o000 Jos0e o5z | /|
Image dialog box. Once the image is open, look at the bottom right hand corner of the
UNESCO BILKO workspace Status Bar and note the five grey panels. The first panel
shows the zoom on the image, which is currently 100%. The next two panels show the
column and row coordinates of the cursor, which should be at the top left (coordinates 0,
0) of the image. The last two panels show firstly, the underlying value of the pixel where
the cursor is and secondly, the display value (on a scale of 0 [black] to 255 [white]).

In this 16-bit integer image, the actual values of pixels can range from 0 to 66535 but a computer
monitor can generally only display 256 grey levels so the Bilko program has to map the image data
range to the monitor (screen) data range. The default settings map the lowest image pixel value, which
you should have noted as 48, to 0 and the highest pixel value, which you should have noted as 762, to
255, with intermediate value pixels taking values in between. This mapping is discussed in more detail
in a later section.

Activity: Make the image cursor a “point selection” by clicking on the point selection button ﬂ
Now move the mouse pointer over the middle of Spain and click the left hand button. The

white arrow places a flashing cursor in the form of a cross (+) on the image where it is
clicked. The last four grey panels will now contain the x-coordinate (column), y-
coordinate (row) and both underlying and display brightness values of the pixel that the
cursor is on. If the cursor was on a pixel 300 from the =

left and 295 rows down the panels would look as D e "’El
follows, showing that the pixel has an underlying data value (DN) of 226 and is displayed
as a grey level of 64. Being able to find out the value of an individual pixel at a given
location using the image cursor can be very useful.

To practice your use of the cursor we will find out typical values of sea and land pixels in the clear
part of the AVHRR band #2 image. This is recorded at wavelengths of 0.72-1.10 um in the near infra-
red part of the spectrum. Near infra-red is strongly absorbed by water and strongly reflected by
vegetation and thus infra-red images can be useful for determining land-sea boundaries. To focus in on
the non-cloudy part of the image you will select a sub-area from the main image and make this into a
new image before examining land and sea pixel values using the status bar.

Activity: Make the image cursor a “box selection” by clicking on the box selection button IE

Select Edit, Go To and set the position (top left coordinates) to an X: of 185 and Y: of
290 and selection size to a DX: of 245 [columns] and DY: of 230 [rows]. Once this is

done click | i| The specified sub-area is now delimited by a box.
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Note: You can also delimit boxes interactively by clicking on the top left of the area you
want and then, holding the left mouse-button depressed, dragging the bottom right of the
box to where you want. Now that you know the area you want, practice doing this. At any
time you can click on Edit, Go To in order to check precisely what sub-area you have
selected and modify this using the position and selection size coordinate boxes.

When happy with this, leave a cloud-free sub-area, similar to that suggested above,
selected. Then select File, New from the menu and in the New dialog box select IMAGE

Document and click |i || This creates a new image of the clear sub-area you
want to focus on.

You can move the cursor around the new image using the arrow keys (T | — «) on the keyboard. By
default, each press of an arrow moves the cursor 10 pixels in the direction indicated until it is within
10 pixels of the edge of the image. To move the cursor one pixel at a time hold down the <Ctrl> key
and then press the appropriate arrow key. You can also use Edit, Go To to alter increments moved by
the image cursor (with or without the <Ctrl> key depressed) or to go to a specific column and row
coordinate on the image, e.g. 90, 135. The latter function is particularly useful on images with
geographical coordinates.

Activity: Experiment with using the cursor and then use it and the status bar to find answers to the
following questions. [Hint: zooming in may help in positioning the image cursor around
the coastline.]

Question 1: Concentrating on the coastline but trying to avoid “mixels” (i.e. pixels which overlap
both land and sea), what are the maximum underlying pixel brightnesses (DN values) in
areas that are clearly sea?

Question 2: Concentrating on the coastline but trying to avoid “mixels” (i.e. pixels which overlap
both land and sea), what are the minimum underlying pixel brightnesses (DN values) in
areas that are clearly land?

Question 3: Why are the sea pixels much darker (i.e. have lower DN values) than the land pixels?

Activity: ~ When you have finished close the sub-image and close the AVHRR_ID2497481 #02.dat
image. Now open a colour composite image (AVHRR_1D2497481_composite.set) that
has been saved as a set of three images (bands #1, #2 and #4 of the AVHRR_1D2497481
image). In the Redisplay Image dialog box select Auto linear stretch for the stretch
setting to use and click the Al button to apply this stretch to all three bands of
the composite (see tutorial 5 for details of stretches). Click the point selection button and
select Edit, Go To dialog box from the menu bar. Use this to place the cursor on the
pixel at column (X:) 258 and row (Y:) 329. The fourth and fifth panels of the Status Bar
should now each contain three

100%  |0258 (0329 [00123,00234,00513 (021 0604

values separated by commas (see
right).

In the fourth panel are the image data values (123, 234 and 513) for the pixel at column and row
coordinate (258, 329); in the fifth panel are their display brightness values (21, 66, 41 if Stretch,
Options Min % is 0 and Max % is 100; 20, 85, 18 if Stretch, Options Min % is 5 and Max % is 95).
The first number refers to the image displayed through the red gun, the second to that displayed
through the green gun, and the third to that displayed through the blue gun (Hint: Remember RGB).
You can check what these images are by dragging down the top of the image window.

Activity: To do this, click on the grey edge above the image (indicated by the
arrow) but below the title bar and holding down the left mouse-button
drag the image “window pane” downwards (it works a bit like a roller- = %5 =
blind). [Note: When the mouse pointer is positioned correctly over the § {' \
top of the window pane it will change into a pair of parallel lines with up and down
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arrows.] Under the composite image you should see: False Colour Composite
AVHRR_1D2497481#01+#02+#04. This tells you that the top (Red gun) image is band
#1, the second (Green gun) image is band #2 and the third (Blue gun) image is band #4 of
the AVHRR_ID2497481 image. This type of information on image history is
automatically stored by Bilko and can be very useful at times. Use Window, Close All
to close all the images making up the set.

Finally, in this section we will look at the transect button on the menu bar. The Transect option IT
allows you to view a graph of pixel brightness values along a transect drawn between any two
points on an image. This is shown as a graph of pixel values on the y-axis versus number of pixels
along the line between the points. Transects can be used to study how pixel values change between
different areas of the image. To find information about the transect button, click on it and while
holding the left mouse button down, press the F1 key.

&
"‘
Malin Head

Figure 3.1. Map showing the area covered by the AVHRR_Mulls#04.bmp image.

For this you will look at an AVHRR image taken in band #4 which senses emitted thermal infra-red
electromagnetic radiation in the wavelengths 10.50-11.50 um. This image has been processed and re-
scaled to 8-bits. By convention darker areas are warmer on this type of AVHRR thermal image.
Colder parts of the image will thus appear brighter (high pixel values) and warm parts dark (low pixel
values).

Activity: ~ Open the image AVHRR_Mulls#04.bmp, click on the Transect button R or select the
Selection, Line [ et _ o] %]
option from the edit -~ — — ——— — — ——— —
menu.  Start  the

Transect from north of Malin Head to |sla
':\r/lanﬁectH 'Zjorﬂ;. of AYHRR_Mulls#04 bmp - From (5, 120) To (1 78 120}
alin Head (Figure Minimum Maximum Mean value
3.1) near coordinates 23.0000 175.0000 143.2931
(5, 120) and drag the 175
mouse pointer to the 2150 Islay

middle of Islay | |E12s{ Front

=
island (Figure 3.1). =
This draws a transect o 7o
which passes through T
the oceanic front off =

Northern Ireland and Dyseamnaans) ) T T
ends on land. Now 0 20 40 GO0 80 100 120 140 160

. . Mumhber of pixels east oftransect arigin
click on File, New
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and select a TRANSECT Document (the default) from the New dialog box.

The front shows up as a sudden increase in pixel values whilst the warm land (whose pixel values are
very low) is where pixel DN values suddenly plummet to around 30.

Activity: Note that if you needed the transect information for reference purposes, you could save
the transect document (extension .tsc). You may wish to experiment with this, saving
and re-opening the transect document. When you have finished with the transect, close it.
If you are not going onto the next tutorial, you can also close the AVHRR_Mulls#04.bmp
image.

In this section you have learnt how to use the image cursor and panels of the Status Bar to interpret an
image, the distinction between underlying image data and display data values, use of point selection,
line selection (transect) and box selection buttons, use of Go To function from the Edit menu, and
how to select a sub-area of an image and save this as a new image. You have also learnt how to find
out more about an image by dragging down the top of the image window. These skills are all routinely
used in image interpretation and image processing and will come in useful later.

At this point you can either go on to further examine images using Histograms or you may wish to
take a break.

Answers to Questions

Using the image toolbar buttons to examine images and interpreting the status bar

Question 1

The majority of sea pixels have values between 51 and 70 and close to coast a few seem to reach
around 85. Maximum values for sea pixels are around 85-90.

Question 2

The majority of land pixels have values between 145 and 285 and close to coast a few seem to have
values into the 130s. Minimum values for land pixels are around 130.

Question 3

The sea pixels are much darker because infra-red radiation is strongly absorbed by water.
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4. USING HISTOGRAMS TO INTERPRET IMAGES

Aim: To introduce you to using histograms to interpret images.

Objectives: You will learn how to create histograms (which show the numbers of pixels of each
image data value) and how these can be helpful in interpreting images.

If you completed the previous tutorial (Using the image cursor and interpreting the status bar) you
will have noted that sea pixels differed markedly from land values in their reflectance. A good way of
seeing whether pixels fall into natural groupings on the basis of their reflectance/emittance in a
particular waveband is to study a frequency histogram of brightness values. In this section you will be
examining an AVHRR image, taken in band #4 which senses emitted thermal infra-red
electromagnetic radiation in the wavelengths 10.50-11.50 um. This image has been processed and re-
scaled to 8-bits. By convention darker areas are warmer on AVHRR thermal images. Colder parts of
the image will thus appear brighter and warm parts dark.

Activity: If it is not open already, open the image AVHRR_Mulls#04.bmp. The image was
obtained in the daytime in summer. Note that the warm land is generally dark but the sea
is brighter with the coldest (brightest) water lying north-east of Malin Head (Figure 4.1).

-
Malin Head

Figure 4.1. Map showing the area covered by the AVHRR_Mulls#04.bmp image.

To create a histogram of all the pixel values in an image you first need to select the whole image file.

Activity:  Click on Edit and then Select All or |
use the short-cut keys
<Shift>+<Spacebar> (or <Ctrl>+A) &
to select the whole image. Then click = [raARMERLARSIEENAS

IMAGE Document
on File and New to bring up the dialog STRETCH Document ﬂl

box to the right. Since you want to Eﬁiﬁgg Document

creatt a Histogram and  the FDHMUL&?B“D";imm Help
HISTOGRAM Document option is TABLE Document

already highlighted you can click on

or press <Enter> to [ Apply stretches to new documents
generate the histogram.
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iz INESCO Bilko - Hiztogram1 A histogram
Fie Edt Yiew Oplions ‘Window Help window will appear
_ in the workspace

T4 Bat WP .
D= E B & 2N resembling the
M Histogram1 _[O] Histogram1

window displayed

Mean value Std. deviation Skewness  Hurtosis Entropy

to the left. The
histogram  shows
the number of

AVHRR_Mulls#04.bmp : From (0, 0) To (511, 255)

84.8428 55.9575 0.3103 -16784  B.7454 . .
4000 pixels in the
] selected image
=3000 having given pixel
= values (y-axis)
= 2000 versus the set of
i)

= 1000- vglues (DN) that
pixels can take (x-

e T aXiS)'
o A0 100 140 200 250 Note that the
Fixel DN (Brighthess) histogram is

bimodal (has two

[For Help, press Fi [ | [mz3% [ime0 [ssois | Peaks). The lower

peak  (i.e. that

covering pixel brightness values with DNs from about 10-70) is composed mainly of land pixels,
whilst the upper peak (i.e. that covering pixel brightness values with DNs from about 130-175) is
composed mainly of sea pixels.

Activity:

Click on the histogram and a vertical line will appear. You can use the mouse or the left
and right arrow keys (— <) to move this line through the histogram. The arrow keys by
themselves move the line 10 brightness values at a time to right or left. To move one
brightness value at a time hold down the <Ctrl> key and then press the appropriate arrow
key. Make sure the Status Bar is in view. In the bottom right hand corner you will see
four panels which record firstly, the % of pixels in the image with the brightness value
(DN) highlighted; secondly, the start and finish values of the range of DN values
highlighted (if only one DN value is highlighted, these will be the same); and lastly the
absolute number of pixels in the image with values in the highlighted range.

In the example above the upper (sea) peak between DN values of 130 and 180 has been highlighted
and the Status Bar shows that there are 50,114 pixels in the image with values of 130-180 and that
these account for 38.23% of the AVHRR_Mulls#04.bmp image area.

Activity:

Question 1:
Question 2:

Question 3:

Question 4:

Move the cursor-line across the histogram and the display will change accordingly. To
select a range of DN values, hold the left mouse button depressed and drag the mouse to
right or left. Use the vertical line and the Status Bar information to answer the following
questions.

What is the brightness value (DN) of the brightest pixels?
What percentage is this value of the maximum brightness that could be displayed?

What is the modal pixel brightness value (DN) of the lower (land) peak and how many
pixels in the image have that value?

What is the modal pixel brightness value (DN) of the upper (sea) peak and how many
pixels in the image have that value?

Assume that pixels with DNs between 0 and 62 are land. Now use the mouse to select all
these land pixels in the histogram. [Position the vertical line at O, depress the left mouse
button and looking at the Status Bar drag until 62 is reached.]
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Question 5: What percentage of the image is land pixels?
Question 6: If the image is 563 km by 282 km, what is the area of land?

So far you have inspected a histogram of the whole image, however, you can select parts of the image
in order to discover what the range of pixel brightness values are of particular areas of the image in
which you may be interested.

Minimise the histogram window using the minimize button.

Activity:  Click on Edit, Selection, Box or click on the box |Edit Wiew Image Shetch ‘Window

button (right) on the toolbar. Then click near

the top left hand corner of the sea in the @ = IE N
AVHRR_Mulls#04.bomp image and holding (B0 (BTl

down the left mouse button drag the mouse until a Copy Cirl+C

rectangular area of sea is outlined with bottom right [Easte Rty

hand coordinates around pixel (118, 140)T. [Look at
Status Bar to see the coordinate you have reached].
Then select File, New and open a new histogram
for the pixels inside the box. You will see a
histogram with one peak (unimodal) which shows
that the sea pixels in the area you have selected
range from a DN of about 129-175 in brightness. Note that the legend above the
histogram indicates the top-left and

bottom-right pixel coordinates of the AYHRR_Mulls#04.brmp : From (2, 5) To (113, 140)
box and will look something like the

text to the right. Repeat the same exercise with a box of entirely land pixels on the
Scottish mainland (see Figure 4.1). You should get a unimodal histogram with pixel
brightness values between 0 and about 70.

Selection Elock.
Select Al Chiket  |EEE
GoTo.. Chl+a Line
Coords... Paint
Palyline

"Note: fine positioning of the bottom right hand corner of the box can be achieved using the keyboard.
If you need to do this, hold down <Shift>+<Ctrl> and use the arrow keys to extend your selection.

Activity: When you have done this, close these last two histogram windows of the sea and land
pixels (do not save changes) but, if continuing with the next section about using stretches,
leave the image open and the histogram of the whole image minimised as you will need
this later.

The activities above indicate the kind of information you can find out from studying the histogram
(frequency distribution of pixel brightness values) of an image. One of the first things one usually does
after loading an image is thus to inspect its histogram to see whether i) all pixels clump together in one
peak or whether there are two or more separate peaks which may correspond to different areas of
interest on the image, ii) whether pixels are spread over the full range of potential brightnesses or
lumped together causing poor contrast.

The histogram of AVHRR_Mulls#04.bmp confirms that the image is not optimally displayed,; that is, it
is rather dark and it does not utilise the full range of display DNs available and so is somewhat lacking
in contrast. To rectify this we can adjust how we display the pixel values by a process known as
contrast stretching. As the word “stretching” implies, the process causes the pixels to be displayed
over the full range of (at least) 256 display brightness values (DNs) available. The next tutorial deals
with using stretches to optimise image display.
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Answers to Questions

Using histograms to interpret images

Question 1
The DN value of the brightest pixels is 178.
Question 2

The maximum which can be displayed is 255. The brightest pixel in the image has a value of 178.
178/255 is 69.8% of maximum brightness.

Question 3
The modal DN value of the lower (land) peak is 34. There are 3246 pixels with this value in the image.
Question 4

The modal DN value of the upper (sea) peak is 153. There are 3668 pixels with this value in the
image.

Question 5
55.28% of the pixels have values between 0 and 62 and can be classed as land pixels.
Question 6

The whole image has an area of 563 km x 282 km = 158,766 km?. Multiplying this by 0.5528 (55.28%
of pixels are land, i.e. have values from 0 to 62) gives a land area of 87,766 km? to the nearest square
kilometre.
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5. USING STRETCHES TO OPTIMISE IMAGE DISPLAY

Aim: To introduce you to using stretches to optimise how images are displayed.

Objectives: By the end of this section you will have explored the Bilko Stretch menu and learnt how
stretches can be used to optimise the display of images on your computer screen and make it easier to
see objects or patterns of interest. You will also have learnt how to optimise the display of images with
data values greater than 255 (non 8-bit data), using the Redisplay Image option.

For this section you will be using AVHRR_Mulls#04.bmp, the same AVHRR image used in the
previous two tutorials. This image records emitted thermal infra-red electromagnetic radiation in the
wavelengths 10.50-11.50 um and has been processed and re-scaled to 8-bits. By convention darker
areas are warmer on AVHRR thermal images. Colder parts of the image will thus appear brighter and
warm parts dark. You should be familiar with histograms before attempting this section.

Activity: If the AVHRR_Mulls#04.bmp image is not already open (from last section), please open
it. If a histogram of the unstretched image is not already open (from previous tutorial),
please open it.

Shetch Window Help The Stretch menu offers seven options:

Auta Linear o An Automatic Linear stretch

Equalize . A Histogram equalization stretch

Gaussian . A Gaussian stretch

Manual . A Manual stretch option

Clear el . A Clear stretch option (once a stretch has been applied)

Wiew o A View option which allows stretches to be viewed graphically
DOptiars... . Options... which control how stretches are applied

For more details of what the different stretches do, see the Bilko Help or a remote sensing textbook. In
this tutorial, you will look at the results of firstly an automatic linear stretch and secondly a manual
stretch to allow a detailed look at the part of the AVHRR_Mulls#04.bmp image that is water. Before
doing these stretches, note the relatively poor contrast of the sea in the unstretched image.

Activity: If you do not already have a histogram of the unstretched (raw) image open from the
previous tutorial, select all of the image file AVHRR_Mulls#04.bmp by clicking on it and
pressing <Ctrl>+A, or by selecting Edit, Select All from the menu. Then select File,
New and open a new histogram document for the unstretched image.

Before carrying out a stretch, ensure that the Stretch, Options... are set such that
AutoLinear Min% is 0 and Max% is 100, and that the Apply stretches to charts,
clipboard etc. checkbox is checked.

Make sure that you have selected all of the image file AVHRR_Mulls#04.bmp to stretch
(by clicking on it and pressing <Ctrl>+A). Now click on Stretch and then Auto Linear.
Note how the image immediately brightens and becomes more contrasty. To see the effect
on the histogram, click on File, New and open a new histogram document for the
stretched image.
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Otiginal unstretched image The picture to the left compares the

" | AWS'TE-;"“"_S;FM-WPZ ':Em (0, 0) To (51 1H 2:53' ) histogram of the unstretched image (upper
ean value . deviation EWness urtosis H H -

o4 6475 55,9575 0.5103 15754 left) where _the maximum p_lxel brightness

4000 was 178 with that of the image after an
e automatic linear stretch where the pixel
= DNs have been spread out over the full
2000

L]

A= 1000 left). Thus those pixels that had a

brightness value of 178 now have a value
. = Pi;ﬁ':l'%m Earig:rti':'essj Al 30 of 255. In mathematical terms the original
o pixel values have been multiplied by

AYHRR Ammuﬁlsr,:tant?tierwfﬁch;Dnrrﬁ?nﬂu?rTentig*l1 255) 255/178, this being th«_a simplest way o

- T ' ; make use of the full display scale in the

l range of display brightness values (lower

1]

Mean value Std. deviation Skewness Kurtosis

121 5416 84 4566 0.3104 -1.6734 present case.
40on You can check this by examining the
%\3':":":' pixel brightness values at which the
=000 modes in each peak now occur. If you
1000 H look at the mode in the upper peak (sea
0 ———— e . pixels) you should find that it now occurs
o a0 100 130 200 230 at a pixel brightness value of 219 (= 153 x
Pizcel DN (Brightness,) 255/178). Similarly the lower peak (land

pixels) mode has moved from a pixel brightness value of 34 to one of 49 (= 34 x 255/178).

Having stretched the image, you have only changed the display values of the pixels, which will now
be different from the underlying data values.

Activity: Click on the II (Point selection) button and select Edit, Go To to put the cursor on (x,
y) or (column, row) coordinates 90, 135. Note that now the last panel on the Status Bar
shows that this pixel now has a display value of 249
(= 174 x 255/178). The underlying image data values,

q00% (0090 0735 (174 (249

oom  column row image display
coord coord value value

Close the histogram of the automatic linear stretched image (without saving it). Then

select the AVHRR_Mulls#04.bmp image window and use Stretch, Clear (or just press
the <Delete> key) to remove the stretch before the next exercise.

however, remain unchanged.

Often one is interested in just one part of an image, for example, an oceanographer is not interested in
the land pixels but only the sea pixels. In such a case the person processing the image may wish to
preferentially stretch the pixels of interest and largely ignore those not of interest. This may be

achieved using a manual stretch.
! Stretch2 _ | O] x|

Default Look Up Table (LUT)
AWHRRE_Mulls#04. bmp

Activity: Make sure the image file
AVHRR_Mulls#04 .bmp is the active
window, then from the Stretch
menu choose Manual. The graph that

appears (right) is the default Look Up = 250
Table (LUT) and shows that the pixel a 200
brightness values (grey tones) in the § 150
image (x-axis) are mapped linearly =100
onto the display scale (y-axis) with no 3
change. Thus an image pixel with = .

value 0 is displayed with brightness 0
whilst one with value 178 is displayed
with brightness 178.
Stretching involves changing this mapping to take
full advantage of the 256 grey levels available on the display.

T L L |
a A0 100 150 200 250
Image data DN
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Activity: Position the mouse pointer on the stretch graph on the y = x line running from (0, 0) to
(255, 255) at around coordinates (175, 175) and double-click on the line. A small flashing
box should appear on the line. (If it doesn’t, try again). This is called a ‘knee-point’ and
can be used to change how the image data is mapped to the display (computer monitor).
As a first try we will mimic the automatic linear stretch you have just performed. This
involves increasing the slope of the line so that although pixels with value 0 in the image
still map to O on the display scale, the maximum image pixel value of 178 maps to 255.
To do this the knee-point should be dragged upwards until the Status Bar
shows it to be at coordinates (178, 255) and it look like the inset to the right. 178 [255
Note how the image changes interactively as you move the knee-point. The image
immediately brightens and becomes more contrasty as the stretch is applied.

Manual stretch mapping 0-178t0 0-265  The picture to the left shows how your simple manual

AVHRER_Mulls#04.bmp stretch should look. It is mapping image pixels with
DNs of 0-178 (x-axis) onto a display scale of 0-255
(y-axis). Thus any pixels with DN values of greater
than 178 in the image (of which there are none in this
case) would map to 255. This is the type of stretch
carried out by the automatic linear stretch algorithm.
Check this by looking at the histogram of your
stretched image.

I:I L L L L
0 a0 100 1a0 200 250 Once you are satisfied that the stretch has altered the
Image data DN histogram as expected, close the histogram window.

Pixels with brightness values between 0 and about 62 on the AVHRR_Mulls#04.bmp image are land.
If we were not interested in the land, we could map all these pixel values to 0. The remaining pixels in
the image with values from 62-178 represent freshwater lakes (loughs in Ireland and lochs in
Scotland) and sea. We can stretch these even more if we make a second knee-point.

Activity: Click on Your manugl stre'Fch documgnt Manual stretch ofwater with land setto 0
to make it the active window again. AVHRR_ Mulls#04 bmp
When you have done this double-click  -5j =
on line above a value of about 60 on the =
x-axis to make a second knee-point. =
Drag this one downwards to the x-axis % 150
until the Status Bar shows the mapping % 1aon
(62, 0) (it will read 062 000). The
stretch should now look like the one
shown to the right. L I I L e Iy

0 a0 100 140 200 240
lmange data DK

Note that the land now goes completely black with inland freshwater areas standing out well and the
sea showing a lot more detail than the ordinary stretch.

You can further refine this stretch for oceanic water pixels by inserting a third knee-point and reducing
the amount of the display scale used by non-oceanic water pixels with DN values between 62 and
about 130. This then allows maximal stretching of image pixels in the sea with values from 130-178.

Activity: Experiment with this interactively, seeing at what point the Lough Neagh freshwater
pixels become dark on the image as you move the third knee-point on the stretch along
the x-axis towards a value of 130. This markedly improves the sea pixel contrast, with sea
areas now stretched over the full range of display scale values.

This stretch may be useful and is worth saving.
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Activity: Make your manual stretch the active window, if it isn’t already. Before you save your
stretch you should label it so it is clear what it is, so either click on the Options menu
and select the Names option, or right-click on the stretch and select the Names option.
This brings up the Names dialog box. This has three boxes to fill in: Chart Name, X
Axis Name, and Y Axis Name. You can move between these by clicking in them with
the mouse or by using the <Tab> key. In the Chart Name: box, type [without the quotes]
“Stretch of sea with land set to 0”, in the X Axis Name: box type “Image data DN” as
these are the underlying digital numbers in the image, and in the Y Axis Name: box type
“Display scale DN” as these are the digital numbers which are actually displayed on the
screen for pixels with these values in the image. When you have done this click on OK.

Now click on the File menu and select Save. In the File, Save As dialog box type
AVHRR_Mulls#04.str in the File Name: box and click E Your stretch is
now saved for future use. To clear the workspace click on Window, Close All.

In Tutorial 2 on opening, viewing and saving images you were briefly introduced to the Redisplay
Image dialog box but asked to “ignore it for now”. For images with pixels recorded at more than 8-
bits (i.e. those with image data values > 255) this function acts both to map and to stretch the
underlying image data to the 8-bit display scale. It offers a basic Linear and Logarithmic option for
how the data are displayed as well as three options, which correspond to the various stretches (Auto
linear, Equalize and Gaussian) in the Stretch menu. You will now briefly explore how the
Redisplay Image option works with a 16-bit integer AVHRR image (recorded as 10-bit data (i.e.
DNs between 0 and 1024), but stored as 2 bytes = 16-bits per pixel) of West Africa recorded in the
thermal infra-red at same wavelengths as the AVHRR_Mulls#04.bmp image. In this case the actual sea
surface temperature (SST) in degrees Kelvin is 273.15 + 0.01 x pixel DN in the image.

Activity: Open the image AVHHR_West_Africa#04.dat without altering the Redisplay Image
dialog box. The result is an unrecognisable mess of black (most of the image) and white
(actually cloud). Disappointing!

To see why this is, you need to examine a histogram of the image.

Activity: Select the whole of the image (<Ctrl>+A), click on File, New and select HISTOGRAM
document. Make sure the Apply stretches to new documents checkbox is not
checked. The histogram shows image data values between 0 and approximately 65550
with frequencies displayed for 50 DN value wide “bins”. Inspect the histogram. Then
click on the far right of the “Image data DN” axis (x-axis).
Note that the last four panels in the Status Bar (right) show 0.08%  |BS500 (5543 000372
that 0.08% of the image pixels occur in the last bin, that this bin records the number of
pixels with DN values between 65,500 and 65,549 and that there are 372 pixels in the
image with these high values. Note that pixels are clustered into two areas of the
histogram. Use the histogram to answer the following questions.

Question 1: How many pixels in the image have values between 10,000 and 60,0007

Question 2: What is the highest bin (state lower and upper values) of the lower cluster that contains
pixels and how many pixels are in this bin?

The lower cluster (with pixels < a DN value of 5000) represents thermal infra-red emittance from the
sea and land; the upper cluster (with pixels > a DN value of 60,000) represents thermal IR emittance
from thick clouds. The HUGE difference in brightness between land/sea and cloud pixels means that
the former display as black and the latter as white. To see the sea and land properly you need to
configure the Redisplay Image mapping to the display scale so that the high value cloud pixels are
ignored.
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Activity: Firstly, ensure that the Stretch, Options... are set such that AutoLinear Min% is 5 and
Max% is 95, and that the Apply stretches to charts, clipboard etc. checkbox is
checked. Then, right-click on the AVHHR_ West_Africa#04.dat image and select
Redisplay from the menu. In the Redisplay Image dialog box you want to set all
pixels >= 4150 (which is the highest value of lower, land/sea cluster) as “null values” so
that they are ignored when the image is stretched and redisplayed. Select >= from the
drop-down list, enter 4150 in the Null value(s): box and then check the Null value(s):
checkbox. In the Stretch Settings” Use: box, select Auto linear stretch. Once all this is
done, click on [ i to apply the mapping. Close the Redisplay Image dialog
box.

You now have a reasonable greyscale image with different SSTs
displayed as different shades of grey. If you scroll down the image (use
mouse wheel if you have one) you can now see considerable SST
structure in the sea south of the Canary Islands (see upper right). Note
also that thick cloud is now set to white. To improve the SST Auto linear
discrimination still further you can try a Histogram Equalization stretch. stretch

Activity: Right-click on the AVHHR_West_Africa#04.dat image
again and select Redisplay from the menu. This time, in
the Redisplay Image dialog box you want to set the
Stretch Settings’ Use: box to Equalize. Once this is done,
click on Apply and then Close. This produces an even
better image (see lower right) with sea of different

temperatures very clearly delineated. Adjusting the "
“redisplay” further so that land areas are all mapped to ¢ W
white further improves the contrast in the sea. You can do Histogram
this by adjusting Null value(s): value (try > 2150). [Note: equalization

You need to uncheck and recheck the Null value(s):
checkbox to change]. When you have finished close all
files.

With images like the 16-bit AVHHR_West_Africa#04.dat, you have
seen that optimising display is slightly more complicated than for
simple 8-bit images. However, similar results can be achieved using the
Redisplay Image option and final adjustments can still be made interactively using a manual stretch.

Often you know before opening an image that certain pixel values are Null. For example, land or sea
might be “masked” in an image and set to zero. In this case, when the Redisplay Image dialog box
appears you would set Null value(s): == to 0 and these “background” pixels would be ignored when
the image is redisplayed; this would usually improve the display of the image. For some AVHRR
images the value -32768 is used as a “fill” value and would upset the display of such images even
more. In this case you would want to set Null value(s): == to —32768 when opening the images.

So far you have displayed the images as a set of grey scales and in this section you have seen how to
optimise the display of these to emphasise features of interest. You can also control the display so as
to assign colours to pixels with certain brightnesses (display scale values) to create thematic maps. In
the next part of the introduction, using palettes to enhance display and create thematic maps, you
can investigate how to do this.
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Answers to Questions
Using Stretches to optimise image display
Question 1
There are zero pixels in the image with values between 10,000 and 60,000.
Question 2

The highest bin of the lower cluster that contains pixels records the frequency of pixels with
values from 4,100 to 4,149. There is only one pixel with a value in this range.
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6. USING PALETTES TO ENHANCE DISPLAY AND CREATE THEMATIC MAPS

Aim: To introduce you to using and creating palettes to enhance the display of images and make
thematic maps.

Objectives: By the end of this tutorial you will have explored how the Bilko palette generator works,
learnt how palettes can be used to enhance the display of images on your computer screen, and made a
thematic map of global sea surface temperature.

This tutorial investigates the use of colour palettes in image analysis and how they may be used to
convey useful information.

About Colour

In order to understand the use of palettes, it may be helpful to give a brief summary of colour and the
way in which the human eye discerns colour. Definitions for the terms used in this exercise will also
be given. A useful website on colour is: http://www.soc.soton.ac.uk/JRD/SCHOOL/mt/mt001a_2.html

The human eye perceives colour by means of light-sensitive receptors in the retina called cones. There
are three types of cones. These contain different photosensitive pigments and thus respond to light of
different wavelengths. The three different types of cone are broadly sensitive to wavelengths in the
red, green, and blue part of the visible spectrum respectively. This system works because all colours
that we can see can be reproduced by adding together red, green and blue (RGB) in different
proportions. This is known as Young’s tristimulus theory of colour.

Red, green and blue are known as
Figure 6.1. Green primary colours because nor!e'of
Hue = 120 them can be produced by mixing
the other two colours. As well as
being used by our eyes, these
additive primary colours are used
in the screens of colour monitors
and televisions, which are coated
by regularly spaced dots of red,
green and blue phosphors that emit
light when bombarded by electrons
from the red, green and blue guns
respectively.

Figure 6.1 shows the 3 colour

Blue theory illustrated diagrammatically

Hue =240 as a triangle with the primary

colours at each apex. Points along

the outlines of the triangle

represent mixtures of two primary

colours; thus a pure cyan is a 50:50

mixture of blue and green. Points inside the triangle represent mixtures of all three primary colours

and include pastel shades such as browns, purples and pinks. Right in the centre of the triangle where

you have equal amounts of each primary colour you have the achromatic point where you see a grey.

This point is on an axis (the achromatic line) coming out of the page which represents the brightness,
or intensity, of the colours (and ranges from black to white).

\
N

Magenta
Hue =300

So far when you have been looking at greyscale images you have just been using this achromatic line
to display the pixels at 256 different grey levels (i.e. at grey levels ranging in intensity from 0 (black)
to 255 (white)). The terms hue and saturation are explained below.
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Colours can also be described in terms
of three attributes — intensity, hue and
saturation (the IHS system):

Figure 6.2.

Intensity: refers to the brightness of a
colour which for 8-bit displays will
vary from 0-255.

Hue: refers to the relative amounts of
two primary colours making up a
colour. In the Bilko palette generator
hue can take values from 0-359 with
primary colours (at full saturation)
considered to lie along the
.. circumference of a circle (360°). Red,

el green and blue are thus each 120°
(hue units) apart with yellow, cyan
and magenta lying half way between
them (Figures 6.1 and 6.2).

Saturation: the pureness of a primary
colour (expressed as its distance from
the central grey point or achromatic
line).

Figure 6.2 is a three-dimensional view of the hue-saturation triangle in Figure 6.1 to show the
achromatic line (grey axis) and intensity cone. Try to relate the elements of the palette generator box
illustrated below to the diagram above and note that colours are expressed both in terms of amounts of
red, green and blue (RGB) and in terms of intensity, hue and saturation. You can set up colours using
either system. In the palette box below, the colour being set up is white. This is made by mixing red,
green and blue in equal amounts at full intensity; thus under the RGB system we see Red: 255, Green:
255 and Blue: 255. Under the IHS system we think of white as a point at full intensity on the
achromatic line, that is with a saturation of 0; thus we see Sat: 0 and Val: 255. The hue value does not
matter in this case since saturation is 0 and could be any number from 0-359 (in the palette box below
it just happens to be 0). If this puzzles you study Figures 6.1 and 6.2 again.

saturation

red

&, Palettel Intensity: In the palette generator
0 Hue 359

intensity is referred to as Value (Val:).

255 . o .
Hue: Red is arbitrarily assigned a hue

of 0; green has a hue of 120, and blue a
hue of 240. Moving around the
circumference of the hue circle in
Figures 6.2 or 6.3 is equivalent to
moving along the top of the colour
space rectangle in the palette generator
box (left).

Saturation: In the palette generator a
fully saturated colour has a saturation
of 255, whilst greys on the achromatic
line have a saturation of 0. Black thus
has a saturation of 0 and a value of 0;
white has a saturation of 0 and a value
of 255; mid-grey has a saturation of 0
and a value of 127.

Value

COLOUR SPACE

Ol [0 T2 5] (3] [E] (@) (5] (5] (@] @] @ =)
[0l O] [CO] (O] 5] 5] [ (e ) o] ] ] ]
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Table 6.1. For reference, the RGB mixtures required to make the main full intensity (Val:=255), pure
(Sat:=255) colours are shown below along with the attendant Hue values obtained. To obtain dark
versions of the same colours (Val:=127), you would replace the 255 values in the Red, Green and Blue

boxes by 127.

Colour Hue Red Green Blue
Red 0 255 0 0
Yellow 60 255 255 0
Green 120 0 255 0

Cyan 180 0 255 255

Blue 240 0 0 255

The file you will be using in this section is a processed National Oceanic and Atmospheric
Administration (NOAA) AVHRR Oceans Pathfinder sea surface temperature (SST) image of the
whole world, built up from many images collected during December 2000. To save space the image
has been cut down from its original size of 4096 x 2048 pixels to a size of 2048 x 950 pixels. SST in
degrees Celsius is equal to 0.15 x (pixel DN — 3.0). Thus a pixel value of 188 means a sea surface
temperature of 27.75°C.

Open the image file Global_SST_Dec2000.gif (using File, Open). Use View, Zoom
(or right-click on the image and select Zoom) to set the zoom to 45% of full size so that
you can see the whole image at once. Study the image, noting that all land is set to black
(0) and the sea to varying shades of grey.

Activity:

Before assigning colours to various pixel brightness values in the image it is useful to view a
histogram of the image to see whether some SST values dominate or whether they are fairly evenly
distributed throughout the range of pixel values.

Activity: To view a histogram of the Global_SST_Dec2000.gif image, click on the image window
to make it active and use <Ctrl>+A to select the whole image. Now click on File, New
and select HISTOGRAM Document in the New dialog box. Since all land is displayed
with a DN of 0 there are over 830,000 pixels with value 0 in image so the histogram is
not very well displayed. To adjust the scales so that you can see the distribution of the
water pixels, click on Options, Scale (or right-click on the histogram and select the
Scale option). In the Scale dialog box you can either set Maximum: to 16000, Major

Unit: to 2000 and Minor Unit: to 1000, or just click on the Ignore zero box, and click on

to show the improved display. Size or move the histogram window so that
you can see both it and most of the image clearly at the same time.

In the histogram you can clearly see the distribution of the brightness values of water pixels. The
pixels are reasonably evenly distributed between pixel values of 1 and about 230, with a bulge of
pixels around a value of 200 due the large areas of warm water in the tropics. This suggests that you
can assign different colours to a series of equal brightness bands and get a reasonable result. Before
continuing, minimise the histogram window.

Click on the Global_SST_Dec2000.gif image to make it active and then click on File,
New and select PALETTE Document in the New dialog box. A palette generator box
like that discussed earlier appears. The grid of 256 cells range from 0 = black to 255 =
white with 254 intermediate shades of grey. Click on the cells and note that Red:, Green:
and Blue: values are identical and always equal to Value: and that saturation (Sat:)
remains zero since only greys are displayed. The cells can be considered as lying along
the central intensity grey axis in Figure 6.2.

Activity:
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Activity:  With the last cell (bottom right) selected, position the mouse pointer in the Colour Space
area and click. Depending where you have pointed the colour of the upper rectangle
beneath the left hand side of the Colour Space area will change to the colour to which you
have pointed. At the same time the hue, saturation, and red, green and blue boxes will
change their values. However, the Value: box will remain set at 255. Explore the Colour
Space briefly by clicking in different parts of it and noting how the hue, saturation and
RGB mix change.

It is particularly instructive:

i) to click at the top left of Colour Space and holding down the left mouse button to slide
the pointer along the top of Colour Space (Sat:=255) and see how both the Hue value and
colour in the upper rectangle changes; and

i) to click at the bottom left of Colour Space and holding down the left mouse button to
slide the pointer up an down the left hand boundary of Colour Space (Hue:=0) and see
how Saturation changes.

When you have seen how Colour Space is structured in terms of Hue and Saturation,
click on cell 255 again. Now position the mouse pointer over the intensity or value bar to
the right of the Colour Space area and click. Note that the numbers displayed in the
Value:, Red:, Green:, and Blue: boxes change in unison. Holding the left mouse-button
depressed, slide the mouse-pointer up and down the intensity bar. This is equivalent to
moving up and down the achromatic line or grey axis of Figure 6.2 and the values change
from 0 to 255 as the colour in the upper rectangle beneath the Colour Space changes from
black to white.

The brief exploration of the palette generator above should give you a reasonable grasp of the
concepts behind the palette generator. You will now apply this knowledge to colour the land in
Global_SST_Dec2000.gif green. At present all the land is black with a DN value of 0. Thus all we
have to do is make the first cell of the palette dark green.

Activity: Click on the first cell (cell 0) in the top left hand corner. All values (except Hue:) should
be zero. We want a dark green so click on the Green: box and type in 127 to indicate a
half-intensity pure green. Note that as you type in, the other boxes change so that
Hue:=120, Sat:=255 and Val:=127. This makes sense because under the HSI system, dark

| to effect the colour change and note that cell 0 now shows as dark green.

Congratulations! You have now succeeded in making your first change to the palette. To apply this
change to the image you need to copy the changed palette to the image.

Activity: To apply the altered palette to the image, click on the Copy toolbar button B2, then click

on the Global_SST_Dec2000.gif image and click on the Paste toolbar button 2. Note
that all the land (and some areas which were cloud covered throughout December 2000)
is dark green. You can now close the greyscale palette without saving it as you will not
need it further.

Now you are ready to do the main exercise. In this you will be assigning a different colour to every 16
cells according to the scheme in Table 6.2. This will create 16 different coloured temperature bands.
To save you time a half-finished palette has been created with only six rows of 16 cells still left as
grey.

Activity: Open the palette SST_Exercise.pal after making sure that the Apply checkbox in the
Open dialog box is NOT checked. Note that the palette has two series of grey cells
interspersed by coloured cells. If the 256 cells are not arranged as a grid of 16 x 16 cells
adjust the size of the palette generator window until they are. This makes it easier to work
with them. The instructions below assume this layout.
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Question 1: What are the Saturation, Value, Red, Green, and Blue values displayed for cell 64 at the
beginning of row 5 in the palette?

Each row (except first and last rows which begin with a white cell and end with a black cell
respectively) should now be either a single colour or in the case of 6 rows a series of grey shades. You
will firstly see the effect of applying the palette and then fill in the missing rows of colour. To apply
the half finished palette to the Global_SST_Dec2000.gif image you need to copy it and paste it to the
image.

Activity: Copy the palette and paste it to the image.

Polar and warm temperate seas are now coloured. Cold temperate and tropical oceans remain to 