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The Center for Image Processing in Education

Founded in 1992, the Center for Image Processing in Education (CIPE)

is a nonprofit organization whose mission is to promote the use of
visualization technologies for innovative educational applications. CIPE
offers professional development workshops on using state-of-the-art image
processing and geographic information system (GIS) tools and techniques
and publishes award-winning software products for the classroom.

With support from the National Science Foundation, National Institutes

of Health, and other funders, CIPE is bringing image processing and
geospatial technology instructional materials to technological education at
the high school and community college levels.

For more information on workshops and instructional materials available
through the Center for Image Processing in Education, contact:

Steven Moore, PhD

Executive Director

Center for Image Processing in Education
PO Box 13750

Tucson, AZ 85732-3750

800/322-9884

stevem@evisual.org

Opportunities for
professional growth

The Center for Image Processing

in Education offers a wide range of
experiences for teachers who want
to continue their growth in image

processing, including:

« Workshops. We offer
professional development

workshops at your institution

and at national education
conferences.

- Lesson Development. We

are looking for qualified
developers, testers, and
contributors for future
instructional materials.

- Presentations. We make
presentations at national,
regional, state, and local
science, mathematics, and
technology conferences.

If you would like to know more
about these and other exciting

opportunities, call CIPE at:
800/322-9884
Or check our Web site:
http://www.evisual.org
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Introduction

About digital image processing

A series of magnifications of Mona's
face, revealing individual pixels and
numeric values for each pixel.

What is a digital image?

A digital image is:
e arectangular array of measurements (light, temperature, X-rays, etc.),
e sampled at regular intervals, and

e displayed according to a lookup table, which assigns a specific color to
each different pixel value.

This concept is illustrated by the series of magnifications of Mona Lisa
at right. Unlike graphics, where meaning comes only from the patterns
formed by many pixels, each pixel in a digital image can contain
meaningful information.

Image processing and analysis

The brightness or color of each pixel often represents a measurement

of some kind, such as elevations of points on the surface of Earth, or the
intensity of infrared radiation across a scene. Pixels also represent distances
and areas. A length of 20 pixels in an image may represent one micron in an
electron micrograph or one hundred kilometers in a satellite image.

e [mage processing involves manipulating the numeric data contained in
a digital image to improve or alter its appearance for either aesthetic
reasons or to make image features easier to measure. Contrast
enhancement, noise reduction, and edge sharpening are examples of
image processing functions.

e mage analysis involves collecting, measuring, and analyzing data from
processed digital images.

e [mage interpretation is the process of extracting meaning from the
analyses in a larger scientific context.

ImagejJ—a powerful image processing tool

ImagelJ is public domain image processing and analysis software written
and maintained by Wayne Rasband of the National Institutes of Health and
used by scientists in many disciplines around the world. The program can
acquire, display, edit, enhance, analyze, print, and animate digital images.

ImageJ has tools for measuring distance, area, brightness, location, and
angles on digital images. Measurement results can be printed or exported

to other software packages for further analysis. Users can enhance images
through false coloring, contrast enhancement, and digital filtering using both
built-in and user-defined digital filters. ImageJ also provides tools for editing
images, allowing the user to draw lines, shapes, and text. The program can
flip, rotate, invert, and scale selections. It supports multiple windows and
many levels of magnification, and most processes can be undone.
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What is Discovering Image Processing?

Discovering Image Processing is a creative and powerful introduction to the
techniques and applications of digital imaging technology. These hands-
on lessons use real-world images and ImageJ software to model the work
that scientists and technicians do every day. Using this extraordinary tool,
students learn fundamental concepts of digital image processing, analysis,
and interpretation. In addition to science, mathematics, and technology,
these lessons explore issues and problems from a variety of fields ranging
from forensics to graphic arts.

Most of the images in Discovering Image Processing were not created
for classroom use—they are data culled from research laboratories,
government agencies, medical facilities, and the Internet.

Exploration, problem solving, and creative thinking

Discovering Image Processing lessons are designed to engage students in
exploration and directed discovery. Using ImageJ, students explore images
from a variety of sources, including satellite photos, digital elevation
models, and images from space probes, scanners, and digital cameras.
Students make measurements, collect and analyze data, and develop their
own solutions as they work through problems.

Integrating science, mathematics, and technology

The lessons in Discovering Image Processing integrate basic concepts in
science, mathematics, and technology by presenting lesson content in
an applied context, such as using animation to visualize the motion and
trajectory of a storm, or creating histograms of pixel values in an image
to analyze and enhance the image for better visualization of details. As a
result, students learn that digital imaging technology is a technical skill
relevant to the workplace.

Philosophy

We believe that technology should be presented in a way that encourages
students to actively participate, utilize materials currently in use in the
world outside the classroom, and apply learned skills to a variety of
vocations. The lessons in Discovering Image Processing were developed
with the following goals in mind:

e Teach fundamental concepts in technology through hands-on
participation, guided discovery, and critical thinking.

e Explore real-world data with appropriate technology tools.

e Integrate different disciplines through the use of image processing
technology.

Teaching fundamental concepts in technology

With Discovering Image Processing, your students will learn fundamental
but important concepts in digital technology by actively participating in
guided discovery, image analysis, and problem solving. Using the tools of
ImagelJ, they will collect, organize, analyze, and interpret data from digital
images, and can work independently or cooperatively in sharing and
communicating their results with others.

What’s included

Discovering Image
Processing CD-ROM

- Imagel software and installer
- Lesson data
. Lesson text

Discovering Image
Processing guidebook

- Introductory materials
- ImageJ Skill Sheets

- Teaching notes

- Classroom lessons

- Student data sheets

The images in Discovering Image

Processing come from:

- students and teachers using
scanners, video, and digital
cameras

- research laboratories
- medical facilities

- government agencies
- industry

“It may help to recall that image
processing, like food processing
or word processing, does not

reduce the amount of data present
but simply rearranges it. Some
arrangements may be more

appealing to the senses, some may
convey more meaning..."

John C. Russ
The Image Processing Handbook,
2nd Edition

2 Discovering Image Processing
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Exploring real-world data

Discovering Image Processing is designed to provide your students with “A major question about this
opportunities to experience technology through the analysis of digital technical world is,'Who will develop
images collected from the world around us. This approach offers them a and control the technologies so that

. . . itizens?’
context for the relevancy of the technology skills they will acquire. They mybcrca)g dbee;t:ee;;/ee 3!' ec gfsevczr lhna .

will use image processing to explore and analyze the data in the images to be, for a democratic society, a
with more precision and detail than can typically be conveyed with technically literate citizenry!”
traditional classroom techniques. American Association for the
Advancement of Science
Integrating disciplines Technology: A Project 2061

. . . . Panel Report
The lessons in Discovering Image Processing integrate concepts not only

from mathematics, science, and technology, but also from language arts
and social studies. Image processing tools and techniques are taught

in applied contexts ranging from motion analysis of weather to travel
planning to the investigation of crime scene evidence. Lesson materials
also lend themselves to further discovery about numerous professional
fields that currently utilize image processing, ranging from the arts to
aerospace.

The lessons emphasize many of the workplace competencies and
foundational skills recommended by the Skills and Tasks for Jobs: A SCANS
Report for America 2000. These abilities include the productive use of
resources, information, systems, and technology, as well as teamwork

and thinking skills. In particular, using computers to process information
and applying technology to tasks are two competencies fulfilled by all
Discovering Image Processing lessons. When the lessons are employed

in a collaborative learning environment, interpersonal competencies may
also be attained. Thinking skills, such as problem solving, decision making,
reasoning, and creative thinking are utilized throughout Discovering Image
Processing and are a key component of the guided discovery approach.

"“p ©2006 The Center for Image Processing in Education. o
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Image processing in the classroom

Each lesson in Discovering Image Processing uses one or more image
processing skills to manipulate, analyze, and interpret digital images.
Lesson instructions guide the student through the required techniques. The

following table shows which skills are used in each lesson.
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Cross-curriculum integration

The lessons in Discovering Image Processing integrate well with other

subject areas:

Mathematics

Digital image processing is an inherently mathematical process. Working
with scaling factors in “Picture Yourself” and analyzing histograms in

should be used as a basis for

“The study of technological systems

providing integrated and holistic

learning”

National Science Board
Educating Americans
for the 21st Century

“Photo Effects” provides practice with the mathematics skills of using
ratios and interpreting graphs. Furthermore, measurements from digital
images can be exported as data to a spreadsheet program for detailed
analyses. Conversely, digital images can be created by entering formulas
into a spreadsheet, allowing patterns to be readily detected and analyzed.

Science

Many of the images used in Discovering Image Processing are from

scientific research. Parts of “Digital Detective” can serve as a lead-in to
a unit on forensic science. Digital Elevation Models (DEMs) can be used
to study landforms and topographic features. Animation can be used to
visualize dynamic processes in science.

Social studies

The geography in “North American Tour” easily ties into social studies.
Students can identify the states in the U.S. as well as locate cities and other
points of interest. They might choose to investigate the population densities
of different regions.

4
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Language and media arts

All of the above subject areas can be tied together by language and
media arts. Students can compile what they have learned into a report
using a variety of formats and media. If they have used an integrated
software package containing word processing, spreadsheet, and graphics
capabilities, everything they have done can be brought together using the
computer.

Discovering Image Processing lesson length

The lessons in Discovering Image Processing are designed to cover all

of the major image processing and analysis capabilities of ImageJ. Each
lesson is centered around one or more major image processing or analysis
concepts or themes. As a result, some of the lessons are longer than many
school class periods. To facilitate the implementation of these lessons, we
have subdivided them into sections.

Curriculum planning grid

Use the grid below to help you integrate science, math, social studies,
language arts, and media arts into your technology program.

g
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Pixelated Pictures

Lights, Camera, Action!

Digital Detective

More Than Numbers

North American Tour

Digitizing Details

Picture Yourself

Color by Number
Photo Effects

Images for Science

A platform for independent investigation

ImageJ is an image analysis research tool used by scientists around the
world. The program is simple but powerful, capable of sophisticated
image processing techniques but easy to learn and understand. As such,
its application to the classroom is a natural. Used on its own, ImageJ is
completely open-ended. Student researchers must conceive, design, and
create original images through such procedures as videomicroscopy or
photography and flatbed scanning. They must then develop a process for
gathering data from the images, such as image enhancement, filtering,
thresholding, and measuring. In these endeavors, they mirror the
processes of research scientists.

"“p ©2006 The Center for Image Processing in Education. o
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Instructional materials: A launchpad to discovery

Computer and imaging technology are increasingly prevalent in the
workplace. Good computer and image interpretation skills will be
invaluable to information professionals of the 21st century. However,
many students lack experience and confidence with both computers and
advanced imaging technologies. As a result, independent use of ImageJ as
a learning tool becomes a formidable and even frightening prospect to the
uninitiated.

CIPE instructional materials are designed to familiarize both the instructor
and the student with the tools and techniques of digital image processing
as well as to model science process skills. Through these guided-discovery
lessons, students learn content while building confidence and experience
with image processing as an investigative tool. After completing a few
lessons, students may be ready to capture images to create their own
digital data sets for independent analysis and exploration.

Creating your own images

The Discovering Image Processing CD-ROM provides all the images
needed for the activities. However, we encourage teachers and students to
apply the image processing techniques they learn from Discovering Image
Processing to images that they have produced themselves. Students can
analyze images created by microscopes, telescopes, still and video cameras,
and medical and industrial equipment.

Digital still and video cameras and inexpensive flatbed scanners produce
images that can easily be imported into the computer and analyzed using
ImageJ. Analog images from videotapes, laserdiscs, and traditional

film cameras can also be converted to digital format using appropriate
hardware and software. You can even create images directly from grids
of measurement data. With digital imaging, you are limited only by your
imagination!

Image resources

Parents, neighbors, friends, and relatives of students
A rich source of support and great connections to other sources.

Physicians and hospitals
X-rays; CT, MRI, and PET scans; EKG tracings; sonograms, etc.

Veterinarians, animal clinics, and zoos

X-rays of domestic and exotic animals, fur, feathers, and other structures
for analysis.

Colleges and universities
Medical schools, nursing colleges, medical technician programs, biology
departments, educational outreach programs, etc.

City/county government

Departments of transportation, engineering, and law enforcement; also
libraries, zoos, museums, etc.

Fair use guidelines

The guidelines for fair use of
copyrighted works for educational
purposes have recently been
updated and clarified to deal
with the use of intellectual
property in digital technologies.
These fair use guidelines were
adopted on September 27, 1996,
as a nonlegislative report by the
Subcommittee on Courts and
Intellectual Property, Committee
of the Judiciary, U.S. House of
Representatives.

To get a copy of the guidelines, visit
their Web site:

http://www.libraries.psu.edu/
avs/fairuse/default.html

Important reminders

- Exercise caution in downloading
works from the Internet. Some
works may be copyrighted and
may not be reused without
permission.

- When using an image under
fair use, credit the source and
display the copyright notice
and ownership if shown in the
original work.

- Include a notice that certain
materials in your presentation
are included under the fair use
exemption of U.S. Copyright Law
and are restricted from further
use.

- If you make alterations to
copyrighted works to achieve
specific instructional objectives,
note that alterations have been
made.

6 Discovering Image Processing
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State government

Departments of health, environmental quality, water resources, land, fish
and game, and agriculture. Cooperative extension, geological survey,
mines, parks, law enforcement, historical society, museums, etc.

Federal government

Federal government sources of image data include the USDA Forest
Service, Department of Energy (DOE), National Park Service, Drug
Enforcement Agency (DEA), Department of Defense (military bases),
National Oceanographic and Atmospheric Administration (NOAA), as
well as the Food and Drug Administration (FDA), Federal Bureau of
Investigation (FBI), Environmental Protection Agency (EPA), National
Aeronautics and Space Administration (NASA), National Institutes

of Health (NIH), etc. Many federal agencies publish image data on
inexpensive CD-ROMs or via the Internet.

The Internet

ImageJ reads most of the popular image file formats found on the Internet.
Larger images may be compressed for faster download, requiring the user
to decompress or expand image files before they can be opened. CIPE’s
Web site at http://www.evisual.org provides links to many images and
resources.

Student assessment

In Discovering Image Processing, students organize information, apply
previously learned information to new situations, make conjectures based
on data they have gathered, and explain and justify their analyses. Teachers
may use a variety of tools and methods for assessing how well students
have accomplished these tasks as they complete the lessons in Discovering
Image Processing. These tools are described below:

Image printouts and Data Sheets

The most direct method is to print out final images and use the Data
Sheet included with each lesson. The Data Sheets provide students with
a structured format to respond to the questions in the lessons. Answer
keys to these questions are included in the Teaching Notes section of the
lessons.

Direct observation

The lessons in Discovering Image Processing present open-ended
problems, giving students the chance to work cooperatively, think
critically, and form conclusions. Spot-checking students as they work

at the computer, asking questions that probe for comprehension, and
allowing the students to ask for instructor feedback are all effective ways to
informally assess student understanding.

A few image resources
on the Web

« American Memory

(Library of Congress)
http://memory.loc.gov

- Astronaut Photography of Earth

http://eol.jsc.nasa.gov

- Earth Observatory

http://earthobservatory.
nasa.gov

-+ NASA ESA Landsat Photography

http://landsat.gsfc.nasa.gov

- NASA Planetary Photojournal

http://photojournal.jpl.nasa.
gov

- NOAA Image Library

http://www.photolib.noaa.
gov

- National Space Science Data

Center (NSSDC) Image Library
http://nssdc.gsfc.nasa.gov/
photo_gallery/

. Terraserver

http://terraserver.microsoft.
com

« USGS EROS Data Center

http://edc.usgs.gov

+ USGS Seamless Map Server

http://seamless.usgs.gov

« Visible Earth

http://visibleearth.nasa.gov

- Visible Human Project

http://www.nlm.nih.gov/
research/visible

"“p ©2006 The Center for Image Processing in Education.
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Image Processing Skills Checklist

A sample checklist for assessing basic image processing skills is provided
on the next page. The list can be used to assess student skill mastery or for
student self-evaluation. Modify it to meet your specific needs.

The list includes real-world, marketable computer skills that your students
can learn through the Discovering Image Processing lessons. Students

can also apply these skills to conduct authentic scientific research using
ImageJ. For more about each skill, see the Image] Skill Sheets on pages
25-40.

Student collaboration

Many of the lessons in Discovering Image Processing are particularly suited
to collaborative learning environments. When all groups have finished a
lesson, they can come back together as a class and share their results.

Student journals

Many teachers assess students” written work by reading daily journal
entries. For teachers who already include this tool in their technology
curriculum, students can record journal entries for each lesson. They might
be asked to reflect on things that they have learned on their own or from

a classmate while completing the lesson or to tell something about their
favorite image from a lesson.

Student portfolios

For teachers who use student portfolios in their assessment repertoire,
images can be printed and saved as hard copies along with other samples
of student work. Students can include printouts showing images before
and after they completed the assigned task. If the portfolio is in an
electronic format, students” work may be saved to disk as well.

Student presentations

A very effective way to assess student understanding of these lessons is to
have them present what they have learned to the class or another group.
These presentations demonstrate both the students” understanding of

the underlying technology concepts taught in the lesson, as well as their
ability to apply image processing to these concepts. Students could be
encouraged to use the computer as part of their demonstration.

Web sites

Many educators have students construct imaging-based Web sites using HTML

simple WYSIWYG (what-you-see-is-what-you-get) HTML editors. HTML stands for HyperText Markup

Language. Itis a set of instructions,
called tags, that describe the layout
and format of text, images, and
other elements on Web pages.

N . . ©2006 The Center for Image Processing in Education. h
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Name Class

Image Processing Skills Checklist

Window management

Activating windows
Organizing windows

Changing window size and location

Image modes
Changing image modes

Selecting appropriate image mode

Lookup tables

Applying new lookup tables to images
Adjusting image brightness and contrast

Adjusting lookup table windowing for 16- and 32-bit images

Selecting

Making selections
Modifying selections

Moving selections

Editing
Cutting and copying selections
Pasting selections/using the Paste Control
Cropping images
Rotating and flipping images

Resizing images

Drawing & Text

Drawing lines and shapes

Painting with selection tools

Changing foreground/background color
Changing line width

Drawing text

Thresholding
Adjusting the threshold range

Measuring with thresholding

Using the auto-selection (wand) tool

Using the skills
checklist

These skills are not all taught in
every lesson. The matrix on page
4 identifies the major image
processing skills that are utilized in
each lesson.

Use the following scale to assess
skill level. You may want to establish
criteria for each level depending
upon your students’abilities and
experiences.
1 Novice (just beginning to learn,
needs much help)

2 Beginner (needs a little help)

3 Able (can accomplish by
referring to instructions)

4 Accomplished (can help others)
5 Expert (highly skilled)

The list can be also used for student
self-assessment.

""p ©2006 The Center for Image Processing in Education.
B Limited classroom reproduction rights are granted earlier in this work.
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Image enhancement

Enhancing image contrast

Applying image filters

Calibration

Spatial calibration
Density calibration

Removing image calibration

Measurement

Setting measurement options
Measuring distance and area

Measuring angles

Analysis

Making and interpreting histograms
Making and interpreting profile plots

Making and interpreting surface plots

Stacks

Creating stacks

Flipping through slices in stacks
Animating stacks

Editing stacks

Making montages

Split color images/merge RGB channels

Create Z-axis profiles of stacks

10
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Installation

Windows installation

System requirements
e 200 MHz Pentium II or faster computer with color monitor

e Windows 98, ME, 2000, or XP
e Minimum 64 MB available RAM (256 MB or more preferred)

e The ImageJ application requires 21 MB available hard drive space.
Approximately 200 MB is required for installing the lesson data.

Install Image]

¢ Insert the Discovering IP 2 CD-ROM into your computer’s CD drive.

e Click the Start button on your computer’s desktop, choose My
Computer, then double-click the CD drive icon to view the CD
contents.

¢ Open the Software folder on the CD (in Windows, a folder is also
called a directory), then open the Windows folder.

e Double-click the ImageJ.msi application icon to start the ImageJ
installer.

e Follow the on-screen instructions in the ImageJ Setup Wizard to install
ImagelJ.

¢ On the Ready to Install screen, review your installation settings,
then click Install to complete the installation.

-

r "
i& ImageJ Setup X

Ready to Install
The Setup Wizard is ready to begin the Typical installation

Click Install to begin the installation. If you want to review or change any of your
installation settings, dick Back. Click Cancel to exit the wizard.

Advanced Installer

<Back || Installtg [ cancel ]

e An ImageJ application shortcut should now be available on your
desktop. Double-click mﬁ to launch the ImageJ application.

Need more help?

Additional installation instructions
and troubleshooting notes are
available via th