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Preface

About this Guide

This DigitalMicrograph 3.4 User’s Guidés written for use with DigitalMicro-
graph3.4. This Guide provides detailed discussion on the use of the program as
a stand-alone application to visualize, analyze, and process digital image data
obtained from many different means.

Preview of this Guide

TheDigitalMicrograph 3.4 User’'s Guidencludes the following chapters

Chapter 1, “Overview,” describes the program and presents an overview of
the “DigitalMicrograph” process.

Chapter 2, “Basic Procedures,”describes the process for launching Digi-
talMicrograph and the various image document manipulation procedures, i.e.,
opening, saving, printing, etc.

Chapter 3, “Images,” describes the basics of image documents, i.e., data
types, memory, calibrations, etc.

Chapter 4, “Image Display,” describeghe different methods used to display
images and to convert images from one type to another.

Chapter 5, “Image Documents,”’describes the methods used to generate,
manipulate, and edit objects and annotations in an image document.

Chapter 6, “Basic Image Analysis,”describes the use of various image analy-
sis processes, such as the use of line profiles, histograms, etc.

Chapter 7, “Basic Image Processing,tlescribes the use of various image pro-
cessing methods, such as, filtering, convolutions, etc.

Chapter 8, “Fourier Processing,” describes the basics of Fourier transforms
used in DigitalMicrograph.

Chapter 9, “Particle Analysis,” describes the basics of Particle Analysis used
in DigitalMicrograph.

Chapter 10, “Scripting,” describes the DigitalMicrograph Scripting Language
and the Script online help.
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Disclaimer

Gatan, Inc., makes no express or implied representations or warranties with
respect to the contents or use of this manual, and specifically disclaims any
implied warranties of merchantability or fitness for a particular purpose.
Gatan, Inc., further reserves the right to revise this manual and to make
changes to its contents at any time, without obligation to notify any person or
entity of such revisions or changes.

Copyright and Trademarks
© 1999. All rights reserved.

DigitalMicrograpl?® is a registered trademark of Gatan. Inc., registered in the
United States.

MultiScar® is a registered trademark of Gatan. Inc., registered in the United
States.
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Support

Contacting Gatan Technical Support

Gatan, Inc., provides free technical support via voice, Fax, and electronic mail.
To reach Gatan technical support, call or fax the facility nearest you or contact
by electronic mail:

e Gatan, USA (West Coast)

Tel:  (925) 463 0200
Fax: (925) 463 0204

» Gatan, USA (East Coast)

Tel (724) 776 5260
Fax: (724) 776 3360

e Gatan, Germany

Tel: 089 352 374
Fax: 089 359 1642

 Gatan, UK

Tel: 01536 743150
Fax: 01536 743154

* Gatan, Japan

Tel: 0424 38 7230
Fax: 0424 38 7228

¢ Gatan, France

Tel: 33 (0) 1305959 29
Fax: 33 (0)1 305959 39

« Gatan, Singapore

Tel: 65235 0995
Fax: 65 235 8869

* Gatan Online

http://www.gatan.com
info@gatan.com
help@gatan.com
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1 Overview

DigitalMicrograph™ is an application used for acquiring, visualizing, analyz-
ing, and processing digital image data, primarily within the context of electron
microscopy. It can be thought of as an environment that can be enhanced with
different attachments (plug-ins) to perform a variety of analytical tasks.

1.1 Introduction

How does the DigitalMicrograph process work? With DigitalMicrograph and
one of the acquisition units, such as a CCD camera, you can acquire a digital
image of a sample, manipulate its display, analyze, process, print, and archive it
for long-term storage.

Full image-acquisition power

DigitalMicrograph provides the capability, through the use of plug-in exten-
sions to the application, to control and acquire images and data from CCD cam-
eras, EELS systems, imaging filters, and a variety of other sources.

Visualization, processing, and analysis algorithms

DigitalMicrograph gives you many different ways to view your data and
images. It also provides you with a full complement of image processing algo-
rithms and analysis techniques for coming to grips with the information con-
tained within your data.

Flexible page design and presentation

Presentation of your data in DigitalMicrograph is easy and flexible. You can
collect many images onto a single page, size them the way you want relative to
the page, arrange them within the page, and print them.
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The DigitalMicrograph Process

Extensive storage options

DigitalMicrograph supports all of the top industry standards for storing files.
You can open and store TIFF, GIF, PICT, BMP, and other formats using Digi-
talMicrograph.

1.2 The DigitalMicrograph Process

DigitalMicrograph eliminates many of the steps you perform when using film,
but acquiring an image within DigitalMicrograph is still analogous to obtaining
an image on film. An example of an electron microscope with a CCD camera
(imaging device) interfaced to a computer is shown in Figure 1-1.

Figure 1-1 Typical acquisition setup.

TEM
@)
L T

Computer +
MSC Camera DMA Card

% MSC Controller J

The image is formed in the microscope and digitized by the CCD camera. The
data is then sent to the camera Controller where it is converted to a form that the
computer can read. The DMA (direct memory access) card transfers the data
from the Controller into the computer’s memory where DigitalMicrograph can
access the data

A DigitalMicrograph session would typically follow a procedure similar to the
following:

1. Acquire your data.

DigitalMicrograph allows you to acquire data from many different sources
such as CCD cameras, EELS systems, or imaging filters. Your data may be
an image, a spectrum, or something totally different.
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Basic Concepts

You may be analyzing data that already exists in a file. Acquisition would
then consist of simply loading the file into DigitalMicrograph.

2. Visualize your data.

DigitalMicrograph can display data and images in many ways. You can dis-
play images in a format similar to a photograph, as a surface plot or surface
model display (three-dimension representations), as a numerical spreadsheet
display, or as a one-dimensional line plot.

3. Analyze your data.

You can measure areas and lengths, perform various statistical and mathe-
matical calculations for analysis, and analyze particles present in your
image.

4. Process your data.

You can enhance your image by performing Fourier filtering, sharpening, or
other types of image processing.

5. Present your data.

The most important result of the entire process is the presentation of your
data. You can arrange multiple images on a page and annotate your images
and page through the use of text, lines, boxes, ovals, or clip-art imported
from other applications.

DigitalMicrograph makes it easy to arrange multiple images and other anno-
tations on a page to produce the layout you desire.

6. Archive your data.

At each part of this process, you should be saving your data to disk. The
beauty of digital processing is that if you do this at each step of the process,
you can always return to a previous step and try again.

In the end, however, you will want to save your data to a long-term storage
medium where it can be found and retrieved in the future. DigitalMicro-
graph gives you many choices and formats for saving data to disk. It also
integrates with archiving applications for keeping track of the images that
you acquire and generate.

1.3 Basic Concepts

DigitalMicrograph presents all of its information through the use of windows.
Each window contains a set of related information.
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Using this Guide (first time users)

1.4

Image document windows contain a visible representation of a page of paper.
Images can be placed on this page. Other objects such as lines, boxes, and text
can also be placed on this page. You can open, save, and print image document
windows.

Many aspects of images and objects placed on pages can be controlled through
the use of palettes. Palettes “float” above image document and text document
windows. You cannot open, save, or print palettes. Palettes are distinguished by
their small title bar under Windows and have no title in their title bar on the
MacOS.

Text document windows contain text. Text document windows do not hold any
other graphical objects. You can open, save, and print text document windows.

DigitalMicrograph can be extended to support acquisition devices through the
use of plug-ins. Plug-ins are placed in a folder named “Packages” under the
MacOS and “Plugins” under Windows.

DigitalMicrograph can also run simple programs (called scripts) which carry
out automated tasks.

Using this Guide (first time users)

1.5

This Guide will be your reference while using DigitalMicrograph. It contains
step-by-step instructions for most tasks you will perform.

This Guide deals with general areas of DigitalMicrograph such as displaying
images, analyzing images, processing images, presenting images, and storing
images. The table of contents of this Guide lists the chapters and the main head-
ings within each chapter.

Using this Guide (upgrade users)

This Guide describes an improved version of DigitalMicrograph.

If you are upgrading from DigitalMicrograph 2.5, you should read over this
entire manual as many things have changed. Most notably, DigitalMicrograph
3.4 has page-layout capabilities and the ability to contain multiple independent
images within a single window.

If you are upgrading from DigitalMicrograph 3.1, you should note the improve-
ments in page/image mode and improvements in the Line Plot image display.

1-4
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2 Basic Procedures

DigitalMicrograph lets you acquire, process, analyze, and present your images
through its easy-to-use commands and tools. Once you master the basics of
using DigitalMicrograph, you'll want to learn more about the application and
add more skills to your arsenal. This chapter assumes you are familiar with the
basic ideas of the mouse, manipulating windows and menus, and launching
applications on your computer. If you are not, please refer to the manual that
came with your computer.

The DigitalMicrograph Workplace

DigitalMicrograph displays images within image windows. There are other
types of windows (called palettes) that allow you to manipulate details of those
images and other objects. Still other types of windows give you information
about an image or the results of analysis or processing algorithms. Figure 2-1
shows examples of all of these types of window.

Image windows can display images one at a time (image mode) or more than
one at a time (page mode). When the image window is in image mode, the
image is the main focus of the window. The image will resize when you change
the size of the window and any operations you perform will take place on the
image. When the image window is in page mode, a page will be displayed and
multiple images can be laid out on the page. Operations involving images will
apply to the image that is selected on the page. You can switch between image
mode and page mode using the Target floating palette.

Note: Since an image window can display either a single image or a page con-
taining zero or more images, we will refer to the contents of the image window
as an image document. The image document term will be taken to mean zero or
more images laid out on a page and viewed either as a page or as a single view
of one of the images.
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Starting DigitalMicrograph

Window settings can suit your preferences

Individual windows and palettes in DigitalMicrograph can be adjusted in sev-
eral ways to suit your preferences. You can zoom in or out to view more or less
detail in your window, resize the window, and more. You can also adjust the
floating palettes, tools, and other gadgets to suit your needs.

Saving documents to be secure

If you've worked with a computer, you already know the importance of saving
your work often. Saving your image documents frequently avoids the pain of
losing a day’s work when the power fails unexpectedly. Saved image docu-
ments also give you a record of your progress and a place to restart from if an
experimental processing algorithm doesn’t produce the results you desire.

Figure 2-1 The DigitalMicrograph Workplace.
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2.1 Starting DigitalMicrograph
Before you can use DigitalMicrograph, you must install it on your computer
according to the instructions contained in ligtalling DigitalMicrograph
manual.
You start DigitalMicrograph just as you would any other applications on your
computer.
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Creating/Opening Image Documents

To start DigitalMicrograph

You launch DigitalMicrograph as you would any other application.

» Under the MacOs, find the DigitalMicrograph icon and double-click it.
¢ Under Windows, select DigitalMicrograph from the Start menu.

By choosing commands from the menu bar, you can now create a new image
window, open an existing one, or acquire one from an acquisition device.

2.2 Creating/Opening Image Documents

After you've launched DigitalMicrograph, you begin to work with an image by
either acquiring a new one from an acquisition device such as a camera, creating
a new one, or opening an existing one.

To acquire a new image

You can acquire an image with an acquisition device such as a CCD camera,
EELS system, DigiScan, or imaging filter.

To acquire from an external device, use the plug-in supplied with the device.
For example, the plug-in supplied with the MSC camera will present you with a
floating command palette through which you can control the camera. See the
manual provided with your acquisition device for specific details on acquiring
an image.

Any images you acquire will automatically appear in image mode.

To create a new image manually

You can create a new image manually.

1. ChooseNew from the FiLE menu.

2. Click on the Image tab at the top of the dialog.

3. Enter a name for the image window which will contain the new image.
4

Enter a width and height for the image.

You can choose a width and height of 200 x 200 for experimental purposes.

5. Change the display type to “Raster.”

This indicates that the image will be displayed in a format similar to a pho-
tograph.
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Creating/Opening Image Documents

6. Change the data type to “Real” with “4 bytes.”

This generates an image that can hold real numbers (as opposed to integers,
or complex numbers).

7. Select a pattern and cliclOK.

This operation will actually create an image document with a single image and
display that image document in image mode.

To open an image from disk

You can open an existing DigitalMicrograph image document or you can open
images created in other applications and saved in formats DigitalMicrograph
understands, such as TIFF, GIF, BMP, JPEG, and PICT under the MacOS.

1. ChooseOren from the FILE menu.

2. Select the image document or image you want to open.

Figure 2-2

Open File dialog (MacOS and Windows).
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Using Image Windows

3. Click OpeN.
The image will open immediately.
DigitalMicrograph will alert you if it does not recognize the file type.

In order to open images that are not in the Gatan DigitalMicrograph file format,
you will need to install the “Import/Export Plug-in” (which is shipped with Dig-
italMicrograph).

To create an empty image document

You can create an empty image document that will be displayed in page mode
on which you can place images from other windows.

1. Choose\ew from the FiLE menu.

2. Click on the Document tab at the top of the dialog.
3. Enter a name for the image document.

4. Click OK.

An empty image document will be displayed in page mode. You will see a rep-
resentation of the page in the window.

2.3 Using Image Windows

DigitalMicrograph provides several ways to customize an image window.
Among other things, you can magnify your view of the document, change the
page size, and move the image and page around within the window.

To resize the window
Resize the window as you would resize any window on your operating system.

e To resize manually under MacOS, click and drag the Resize box.

e To resize manually under Windows, click and drag an edge of the win-
dow.

If the image document is current in image mode, hold down the Option key
under the MacOS or the Alt key under Windows to keep the image sized to an
integer multiple of its size during resizing; otherwise the image will be resized
to be as large as possible within the window.

If the image document is currently being viewed in page mode, the page will
always be sized to fit as large as possible within the window.
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Using Image Windows

Figure 2-3 Image window and controls.
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« Toresize around either the image or the page under the MacOS, click
in the zoom box.
* Toresize around either the image or the page under Windows, click in
the maximize box.
Resizing an around an image or page will size the window so that the image or
page fits exactly within the window at its current resolution.
To change printed page size or orientation
You can change the size or orientation of the page.
» SelectPace SETUP from the FiLE menu.
Enter the desired size and orientation in the dialog that is presented.
To change the magnification of the image document
You can change the size at which DigitalMicrograph displays the image or the
page within the window.
* Click in the image window with the Magnify Page tool.
The Magnify Page tool will display a “+” inside the magnifying glass to
indicate you will be magnifying around the point at which you click.
2-6 DigitalMicrograph 3.4 User’s Guide



Saving an Image Document

Hold down the Option key under the MacOS or the Alt key under Windows
to demagnify. The Magnify Page tool will display a “-” inside the magnify-
ing glass to indicate you will be demagnifying.

To move the image around within the window (page mode only)
You can move the image within the window.

* Click and drag the image within the image document with th€oinTER
tool.

To move the page around within the window
You can move the page within the window.

» Click and drag the page within the image document with the Move
Page tool.

2.4 Saving an Image Document

As you work, save early and often; don’t wait until you finish working or until
“later.” This will prevent you from losing images due to power failures and
other unexpected circumstances.

Since an image document may contain multiple images and some of the file for-
mats do not support multiple images, we distinguish between saving an entire
image document and exporting an individual image from within an image docu-
ment.

When you save in the Gatan file format, the entire contents of the image docu-
ment will always be saved and there will be no reduction in data.

When you save an image document using one of the single-image formats (such
as TIFF, GIF, BMP, etc.), DigitalMicrograph will save a rendering of the cur-
rent view (either an image within the document or the entire page). This render-
ing will be saved at screen resolution and there will be a reduction in the amount
of data.

You can also export to a specific image file format. This will retain the maxi-
mum resolution and data depth available using the particular file format. You
need to specify a specific image to export and when you export an image, no
annotations will be visible on the image. This is because file formats other than
the Gatan file format do not support independent annotations on the image; so
placing the annotations on the image would have to overwrite image data.
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Saving an Image Document

To save an image document in the Gatan file format
You can save your image document to disk at any time.

» ChooseSave from the FiLE menu to save current image.

If this is the first time you've saved the file, DigitalMicrograph displays the
Save As dialog box. Type in name for the file, choose the desired directory,
and clickSAVE.

Figure 2-4

Save As dialog.

Save As

Save jn; I@ DigitalMicrograph 3.2.0 [F:) j gl IE: ]

1 Sample Imagez
1 Sample Scrptz

File name: IGaIena Save

ET
Cancel |

Save as type:

Gatan 3.2 Format [*.dm3)

If the image document has already been saved once or was loaded from a
file, DigitalMicrograph saves it to the same file, overwriting the previous
version.

* ChooseSave As from the FiLE menu to save to a new file.

DigitalMicrograph displays the Save As dialog box (see Figure 2-4). Type a
name for the file, choose the desired directory, and 8hak

You can choose another file format within the Save dialog. Remember, how-
ever, that saving in any file format other than the Gatan file format will result in
a loss of information when reloading the images. This may be appropriate if
you're only interested in loading the image in another application. If you want
to be able to get back the original data at full resolution and data depth, you
should always save in the Gatan file format. You can also save an image docu-
ment in two or more formats independently; just follow the procedure above
multiple times.

2-8
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Saving an Image Document

To export a specific image from page mode

If your document contains multiple images and you are viewing them on a page,
you can export individual images to a specific file format. For instance, if your
image document contains three images, you can export one of those three
images to a TIFF file format.

1. Select the image you want to export using tiINTER tool.

2. Select the desired file format from the&xporT submenu under theFiLE
menu.

DigitalMicrograph displays the Save As dialog box. Type a hame for the
file, choose the desired directory, and cleke. See Figure 2-4.

Remember, when exporting an image, annotations will not be included in the
saved image.

To export your image from image mode

If you are viewing a single image in image mode, you can export that image to a
specific file format.

* Select the desired file format from theExporT submenu under theFiLe
menu.

DigitalMicrograph displays the Save As dialog box. Type a name for the
file, choose the desired directory, and cleke. See Figure 2-4.

Remember, when exporting an image, annotations will not be included in the
saved image.

To save an image with annotations

If you are viewing a single image with annotations and you want to save that
image to a specific file format, follow these steps.

1. Resize the window such that the image is displayed at the desired size
and resolution.

2. Choosesave As from the FiLE menu to save current image.

DigitalMicrograph displays the Save As dialog box. Type a hame for the
file, choose the desired directory. See Figure 2-4.

3. Select the desired format from the file format menu.

4. Click Save to save the image.

DigitalMicrograph 3.4 User’s Guide 2-9



Printing Image Documents

2.5

To save a series of images

DigitalMicrograph can save image documents in a series of files so that each
time you save, the image document gets a new filename.

¢ ChooseSave NumBereD from the FiLE menu.

You can set the directory in which to save the image documents, the name
of the series, and the number in the series that you want to begin with (see
Section 2.9, “Setting Preferences and Information”).

For example, the first time you do this the image document will be saved with
the name “Image Series.1.” The next time you do it, the image will be saved
with the name “Image Series.2.”

Printing Image Documents

Image documents can be viewed in image mode or page mode. Freshly acquired
images are set to image mode. When you print these images without doing any
page layout, they are printed such that they are centered at the top of the page
and fill about 90% of the printable area of the page.

To exercise more control over the placement of the image or to add multiple
images to the document, switch to page mode and lay out the image(s) as you
desire. After you have laid out the image(s) in page mode, whenever you print
(even if the image document is being viewed in image mode), DigitalMicro-
graph will use the page layout that you specified.

To select your printer and printing options

The method of selecting your printer and printing options depends on the oper-
ating system software that you are using. Generally, under the MacOS you can
go to the Chooser under the Apple menu to select your printer, and under Win-
dows you use the Printers panel in Settings under the Start Menu.

Once you have a printer selected, you can set the specific options for that
printer.

e ChoosePaGE SETUP under the FILE menu to set page size, orientation, and
other options.

DigitalMicrograph will remember your page size, orientation, and other set-
tings when you save your file in DigitalMicrograph file format.

2-10
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Closing Image Documents and Exiting

To print an image document

Printing speed depends on the complexity of your document. Generally, the
more images contained in your image window, the longer it will take to print.
Also the resolution of the images in your document will affect the print speed.

1. ChoosePrINT from the FiLE menu.

2. Select your desired print options.

Print options include the printer to use and how many pages to print on each
sheet of paper. See the manual that came with your computer or printer for
more information.

3. Type in the number of copies in the Copies text box.

4. Click PrRINT under the MacOS andoK under Windows.

2.6 Closing Image Documents and Exiting

When you're finished using an image document, you can close it to remove the
image from your computer’s memory. When you're finished using DigitalMi-
crograph, you can exit it to end the current session. When you close image doc-
uments or exit DigitalMicrograph, you will be asked if you want to save any of
the changes.

To close an image document

You can close image documents when you're finished with them to save on
memory.

¢ ChooseCLose from the FiLE menu or click in the Close box.

Hold down the Option key under the MacOS or the Alt key under Windows
while closing the window to tell DigitalMicrograph not to present the dialog
asking whether to save the file or not.

Hold down the Shift and Alt keys to close all windows and not get the dia-
log asking whether to save the files or not.

To exit DigitalMicrograph
You can exit DigitalMicrograph when you're finished with it.

¢ ChooseQuit under the MacOS orExit under Windows from the FiLe
menu.
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Using Text Windows

2.7

e Hold down the Command key and hit “Q” in the MacOS and hold
down the Alt key and hit F4 in Windows to exit.

If any modified documents are open and haven't been saved, DigitalMicro-
graph asks whether you want to save the documents.

You can exit without saving any of the files.

¢ Hold down the Command and Option keys and hit “Q” in the MacOS
and the Control and Alt keys and hit F4 in Windows to exit.

Using Text Windows

In addition to image windows, DigitalMicrograph uses text windows to contain
scripts and output from algorithms. Text windows are also used to write scripts
to perform tasks within DigitalMicrograph.

You can cut, copy, and paste text within text windows. You can also drag text
between text windows and image windows. Finally, you can load and save text
windows used for scripting.

The Results window, a special text window, keeps a running log of information
from processing, analysis, acquisition, and other parts of DigitalMicro-
graph.You can save it to a text file. If you move or resize the Results window,
DigitalMicrograph will remember whether it is open and where it is the next
time you launch DigitalMicrograph.

To open the Results window

The Results window stores results from processing, analysis, and other aspects
of DigitalMicrograph.

¢ ChooseOreN ResuLTs from the WiNbow menu.

Figure 2-5 Results window.
i Results M=] E3
Zucchnini @ Mean=130897.6, Standard Dewiation=5463.4 -
"Zucchini' s Minimum 2271 at (61,487, "Zucchini': Maximum 37233 at (17&, 2600
"Zucchini': Sum=3.43346e+009
w
Kl A
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Using Floating Palettes

2.8 Using Floating Palettes

Floating palettes are used to display information about and directly manipulate
images and other objects within image documents.

You can configure the layout of floating palettes that is most suitable for your
work. You can group sets of the floating palettes together and you can “roll-up”
a particular floating palette in order to reduce the space it takes on the screen.
See Figure 2-6.

Some of the older DigitalMicrograph acquisition plug-ins will present a floating
palette that cannot be grouped with other floating palettes.

DigitalMicrograph will remember the positions and groupings of all of your
floating palettes from session to session. If you exit DigitalMicrograph and
launch it again later, the floating palettes and groups will return to the same con-
figuration.

To open a new floating palette

DigitalMicrograph lists all of the floating palettes in theaAting WiNDows menu.

» Select the desired floating palette from th€LoaTiINg WiNDOWS Submenu
under the Winoow menu.

DigitalMicrograph will add the new floating palette to the group at the top-
left of the main screen. If no group exists there, DigitalMicrograph will cre-
ate a new group.

To move floating palettes
Floating palettes can be moved in the following ways:
* Move an entire group of floating palettes.
Grab the group title bar and drag it to a new location.

* Move a floating palette above another within a group.

Grab the title bar of a floating palette and drag and drop it on the title bar of
another to place it above the existing palette.

¢ Move a floating palette below another within a group.

Grab the title bar of a floating palette and drag and drop it on the contents of
another to place it below the existing palette.
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Using Floating Palettes

Figure 2-6 Floating palettes group.
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* Move a floating palette to another group.
Grab the title bar of a floating palette and drag it to the new group.

* Move a floating palette to a new group.

Grab the title bar of a floating palette and drop it somewhere where there is
no other floating palette.

To roll up or roll down a floating palette

DigitalMicrograph allows you to roll up and roll down floating palettes to save
screen space and get unused controls out of your way.

* Click on the Twist Down control to roll up or roll down a floating pal-
ette.

To close a floating palette
You can close floating palettes completely.

» Close an entire group of floating palettes.

Click in the Close box of the group palette.

2-14 DigitalMicrograph 3.4 User’s Guide



Setting Preferences and Information

2.9

» Close a specific floating palette.

Drag the floating palette to a new group and close the new group.

Setting Preferences and Information

Preferences help DigitalMicrograph to tailor its operation to your specific
needs.

TheGLosaAL INFo dialog allows you to choose preferences. This dialog is divided
into a list of panels along the left side, and the selected panel on the right side.
To switch to a different panel, select a different panel from the list on the left.
See Figure 2-7.

To enter scale marker preferences

DigitalMicrograph can automatically add a scale marker to images that you
acquire from acquisition devices.

1. ChooseGLoBAL INFO from the FiLE menu.

The Global Info dialog will appear.

2. Select Data Bar on the left side of the dialog box.
The Data Bar panel will appear in the right side of the dialog box.

Figure 2-7

Global Info —Data Bar.
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3. Enter the information in the right portion of the dialog box.

Data Bar  Check here if you want a scale marker automatically
placed on your acquired images.

4. Click OK.
Switching to a different panel will automatically save your choices.

To enter Auto-save preferences

DigitalMicrograph can automatically save a series of images to a sequentially
numbered set of files. This is useful during acquisition or during a long process-
ing sequence.

1. ChooseGLosAL INFO from the FiLE menu.

The Global Info dialog will appear.

2. Select Auto-save on the left side of the dialog box.
The Auto-save panel will appear in the right side of the dialog box.
See Figure 2-8.

Figure 2-8 Global Info—Auto-save.
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3. Enter the information in the right portion of the dialog box.

Series Name Enter the series name here. The files will be saved under the file
name ImageSeries.# where ImageSeries is the value in this field
and # is the series index.

Series Index Enter next index to be used for saving.
Select Folder  Click here to select the folder in which to save your images.

4. Click OK.
Switching to a different panel will automatically save your choices.
To enter page measurement unit preferences
DigitalMicrograph can display image measurements in English or metric units.

1. ChooseGLoBAL INFO from the FiLE menu.

The Global Info dialog will appear.

2. Select Page on the left side of the dialog box.
The Page panel will appear in the right side of the dialog box.

Figure 2-9 Global Info—Page.
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3. Enter the information in the right portion of the dialog box.
Measurement Choose the measurement unit style you desire here.

4. Click OK.
Switching to a different panel will automatically save your choices.
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To edit keywords

DigitalMicrograph can keep track of a list of keywords that will be attached to
all saved images.

1. ChooseGLoBAL INFO from the FiLE menu.

The Global Info dialog will appear.

2. Select Keywords on the left side of the dialog box.
The Keywords panel will appear in the right side of the dialog box.

Figure 2-10 Global Info—Keywords.
Global Info E3
General [0l Jan
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Auto-save [2] GEM
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Remove |
Cancel |

3. Enter the information in the right portion of the dialog box.

A list of keywords is displayed.
Edit Click this button to edit the selected keyword.
Add Click this button to add a new keyword.
Remove Click here to remove the selected keyword.

4. Click OK.
Switching to a different panel will automatically save your choices.
To edit tags

DigitalMicrograph keeps an internal database of assorted information such as
user preferences, algorithm options, and other data vital to the operation of Dig-
italMicrograph. You can directly edit this information.
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Editing tags is an advanced use of DigitalMicrograph and should, in general,
not be performed unless you have explicit instructions on how to do so. It is
possible to make DigitalMicrograph unlaunchable by editing tags.

1. ChooseGLosAL INFO from the FiLE menu.

The Global Info dialog will appear.

2. Select Tags on the left side of the dialog box.
The Tags panel will appear in the right side of the dialog box.

Figure 2-11

Global Info—Tags.
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3. Enter the information in the right portion of the dialog box.

A list of tags is displayed. You can use the twist-down controls
to open up groups and lists of tags.

Edit Click this button to edit the selected tag.
Add Click this button to add a new tag.
Remove Click here to remove the selected tag.

4. Click OK.

Switching to a different panel will automatically save your choices.
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3 Images

Manipulating, acquiring, displaying, and storing images is the primary purpose
of DigitalMicrograph. This chapter gives a quick introduction to the basic con-
cepts associated with images.

3.1 About Images

DigitalMicrograph deals primarily with images. Each image is represented by a
set of numbers called pixels. For instance, an image that is 200 pixels wide and
300 pixels tall is represented by 200 x 300 = 60,000 numbers. These numbers
are arranged to match the dimensions of the image, i.e. into 300 rows of 200
numbers each (an array).

Since images are represented by so many numbers, they take up large amounts
of memory. Each image will take up enough memory to store its numbers plus
enough memory to display the image.

DigitalMicrograph also displays images. Images can be displayed in a number
of ways, e.g. similar to a photograph, in a spreadsheet, etc. Images can also be
calibrated so that each pixel's value and location has a physical meaning.

About Data Types

Each pixel in an image is represented by one or more numbers. This representa-
tion is called the data type. Each data type has specific characteristics such as
amount of memory used, precision, and ability to represent different types of
numbers.

DigitalMicrograph supports the following five major data types:
* Binary

Pixels represented by 1s and 0s. Each pixel takes one byte of memory.
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* Integer

Pixels represented by whole, integer numbers. Numbers can be signed (posi-
tive and negative) or unsigned (positive only). Each pixel can take one, two,
or four bytes of memory.

* Real

Pixels represented by real numbers. Each pixel can take four or eight bytes of
memory.

e Complex

Pixels represented by two real numbers, the real and imaginary components.
Each real number can be represented by either four or eight bytes of memory.
Thus, each complex pixel can be represented by either eight or sixteen bytes
of memory for each pixel.

* RGB

Pixels represented by four unsigned one-byte integers, the red, green, blue,
and alpha channels.

About Memory Usage

The memory used by a particular image is dependent on the size of the image
and the data type of the image. The more bytes per pixel of the image, the more
memory used.

Total memory used by an image is calculated by multiplying the dimensions of
the image by the bytes per pixel of the image. The kilobytes of memory (kB) or
megabytes of memory (MB) are found by dividing the total number of bytes by
1024 for kilobytes and 1,048,576 for megabytes.

For example, a 700 x 800 real data image will take up 700 x 800 x 4 bytes of
memory, or 2,240,000 bytes of memory. This is equivalent to 2k8a#d
2.14 MBof memory.

In addition, each image will use additional memory when displayed.

The amount of memory used by each image and its display is listed under the
Winbows menu. Furthermore, the amount of free memory available for use in
images is listed in th&inoows menu undeFRee MEMORY.

About Display Types

Since an image is just a set of numbers, there are many ways to visualize the
image. Images with certain data types can only be displayed by image display
methods suitable for that data type. Some display methods make use of specific
information about the data they are displaying.

3-2
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DigitalMicrograph generally splits the data types into those that can ultimately
be represented by a single number, and those that can’t. All of the binary, inte-
ger, and real data can be trivially represented by a single number. Complex data
can be converted to a single number if you specify how you want to convert it
(by taking the magnitude or phase, for instance). RGB images, on the other
hand, cannot be represented by a single number.

Images that can be represented by single numbers can be displayed using raster,
surface model, surface plot, and line plot displays. Images that have RGB pixels
can be displayed using RGB displays. Spreadsheet displays can display images
of any type.

About Complex Data

Some displays will only display images with pixels represented as single num-
bers. Complex data, though, has two real number components, the real and
imaginary portion. To display complex data, DigitalMicrograph converts a
complex number to a real number through one of five methods:

ReAaL CompONENT. Takes the real portion of the complex number.
IMAGINARY CoMPONENT. Takes the imaginary portion of the complex number.
MopuLus. Takes the modulus or magnitude of the complex number.

LoG oF mopuLus. Takes the natural logarithm of the modulus of the complex
number.

PHAsE. Takes the phase of the complex humber.
About RGB Data

The RGB display will only display images represented by RGB pixels. This is
known as direct display of the data. DigitalMicrograph only displays what is
known as 24-bit RGB data, which consists of three 8-bit components (red,
green, and blue) and an additional 8-bit component called the alpha channel.
This channel exists to optimize speed of retrieving data stored in memory for
data stored in 4-byte chunks can be accessed faster than that stored in 3-byte
chunks. The alpha channel of each pixel is currently not used by DigitalMicro-
graph.

About Calibrations

An image is simply a set of numbers arranged into rows and columns. Digi-
talMicrograph allows you to calibrate an image so that the row and column cor-
respond to a physical distance.

For example, if you have an image that is 200 x 300 pixels, it may represent a
physical sample that is 25 x 37.5 nm. DigitalMicrograph could treat each pixel
as if it were 25 nm /200 pixels = 0.12bwide. Then, whenever DigitalMicro-
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graph reported measurements, or positions of pixels, it would report them in
NANOMETERS instead of pixels.

Furthermore, in applications such as Atomic Force Microscopy, the intensity of
a particular pixel can be calibrated to represent a physical value.

For example, if you have an image with intensity values in the range of 200 to
1400, these values may actually represent the physical height of the sample
ranging from 3@im to 210nm. DigitalMicrograph could treat each pixel value to
represent 3@m/200 = 0.15m per intensity unit. Then, whenever DigitalMicro-
graph reported the value of a pixel, it would report itamomeTers instead of a

raw number.

About Image Status

DigitalMicrograph provides a convenient way to view the type of an image, the

position of the cursor within an image, and the intensity value under the cursor.
All measurements will be displayed as calibrated numbers if calibrations were

performed.

Figure 3-1 Image Status.
I |
= Image Status
Image A
Type: Aeal 4
Size: 2BE » 206
W 146
. 155
Walue: 0931697
The Image Status palette tells you which image the cursor is on (Image A in fig-
ure above), the data type (Real 4), the size of the image (256 x 256 pixels), the x
and y positions of the cursor (146,155), and the intensity value at that position
(0.931697).
The particular information displayed in this palette will depend on the data type,
calibrations, and display type of the image the cursor is on.
3.2 Setting Image information
DigitalMicrograph keeps track of many pieces of information regarding an
image such as calibrations, image size, keywords, and more. You can view and
enter information using the Object Info dialog.
3-4 DigitalMicrograph 3.4 User’s Guide



Setting Image information

Like the Global Info dialog, the Object Info dialog is divided into a list of panels
along the left side and the selected panel on the right side. To switch to a differ-
ent panel, select a different panel from the list on the left.

Figure 3-2 Object Info—Image—Info.
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To enter or see information about an image

You can see detailed information about an image.

1. If you are viewing the image document in page mode, select the image
you want to inspect.

2. Choosewmace DispLAY under the OBJECT menu.
The Object Info dialog will appear.

3. Selectivace->InFo on the left side of the dialog box.
The Image Info panel will appear in the right side of the dialog box.

4. Enter the name of the image and any additional image description.

The following information will automatically be displayed:

The data type of the image.
The size of the image in pixels.

Data Type
Size in Pixels

Size in Bytes  The size of the image in bytes.
Dimensions The dimensions of the image as calibrated.
Pixel Size The calibrated size of an individual pixel.
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5.

Click OK.

Switching to a different panel will automatically save your choices.

To change the name of an image

You can change the name of the image document in which the image is con-

tained.

1. If you are viewing the image document in page mode, select the image
of which you want to change the name.

2. Chooséawmace DispLAY under the OBJecT menu.
The Object Info dialog will appear.

3. Selectivace->INFo on the left side of the dialog box.

4. Enter the name of the image in the name field.

5. Click OK.

To enter a description of an image

You can enter a description of an image that will be stored with the image.

1.
2.

5.

Select the image for which you want to enter a description.

Chooséwmace DispLavunder the OBJECT menu.

The Object Info dialog will appear.
Selectivace->INFo on the left side of the dialog box.

Enter the description of the image in the description field.

The description can be up to @in length.

Click OK.

To edit an image’s keywords

DigitalMicrograph keeps track of a list of keywords that will be attached to all
saved image documents. These keywords will be visible in supported image
database applications.

1.

If you are viewing the image document in page mode, select the image
for which you want to edit its keywords.

Chooséwmace DispLAY under the OBJECT menu.

The Object Info dialog will appear.

Selectivace->Keyworpson the left side of the dialog box.

3-6
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The Keywords panel will appear in the right side of the dialog box.

Object Info— Image—Keywords.
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4. Enter the information in the right portion of the dialog box.

A list of keywords is displayed.

Edit Click this button to edit the selected keyword.
Add Click this button to add a new keyword.
Remove Click here to remove the selected keyword.

5. Click OK.

Switching to a different panel will automatically save your choices.
To edit an image’s tags

DigitalMicrograph keeps an internal database of assorted information such as
user preferences, algorithm options, and other data vital to the operation of Dig-
italMicrograph. Some of this information is stored with an image. You can
directly edit this information.

Editing tags is a very advanced use of DigitalMicrograph and should, in gen-
eral, not be performed unless you have explicit instructions on how to do so. It
is possible to make images unloadable by editing tags.
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1. If you are viewing the image document in page mode, select the image
for which you want to edit its tags.

2. ChooséwmacE DispLAY under the OBJECT menu.

The Obiject Info dialog will appear.

3. Selectimace->Tacs on the left side of the dialog box.

The Tags panel will appear in the right side of the dialog box.

Figure 3-4 Object Info— Image-Tags.
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4. Enter the information in the right portion of the dialog box.

A list of tags is displayed. You can use the twist-down
controls to open up groups and lists of tags.

Edit Click this button to edit the selected tag.
Add Click this button to add a new tag.
Remove Click here to remove the selected tag.

Update Global Info Click here to copy any tags in Global Info that are set up
to be copied to images to the image.

5. Click OK.
Switching to a different panel will automatically save your choices.
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4 Image Display

DigitalMicrograph deals primarily with images. Images come in many configu-
rations, sizes, and data types. DigitalMicrograph provides several methods of

displaying the data in an image. Some of the methods are appropriate for only
certain types of image data, while others work with any type of image data.

4.1 Visualizing Images

The method that DigitalMicrograph uses to display an image is called the image
display type. DigitalMicrograph provides several image display types.

» Raster image display.

» Surface Plot image display.

* RGB image display.

e Line Plot image display.

» Spreadsheet image display.

e Surface Model image display (MacOS only).

Each of these image display types has many options associated with it. Further-
more, some of the image display types (such as RGB) are only appropriate for
certain types of data (RGB data only).

To change image display type
You can change how an image is displayed.

1. If you are viewing the image document in page mode, select the image
of which you want to change the display type.
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Using Raster Image Displays

2. Choose a new image display type in thespLAY Tyre submenu under the
OBJECT menu.

The check mark indicates the display type of the selected image.

Only the image display types that are valid for the selected image will be
enabled.

In Figure 4-1, the RGB display type is not valid for the selected image.
Upon selection of a new display type, DigitalMicrograph will change the image

display type of the image to the newly selected one. Any specific information
you configured for the old image display will be lost.

Figure 4-1

4.2

Display Type submenu.

+ Raster
RGB
Surface Model
Line Plot
Spreadsheet
Surface Plot

To create a new image from the display

Sometimes it will be convenient to generate a new image representing every-
thing that is displayed in the image window. If you have multiple images,
objects, and annotations on the page, you can consolidate all of these into a sin-
gle new imageHowever, the individual components on the page will not be
editable in the new imagiisplay, which will be rendered at screen resolution
(roughly 72 pixels/in.)

1. Select the image document of which you want to create a display.

2. Make the display look how you want it to look in the new image.
You can place the image document in page or image mode to view either all
of the images or only a single image.

3. ChOOS€eCREATE IMAGE FRoM DispLAY under the OBJECT menu.

A new image document will appear that contains a single image represent-
ing the original image document (as it appeared on the screen and at screen
resolution).

Using Raster Image Displays

The Raster image display is displayed two-dimensionally like a conventional
black-and-white photograph. Images acquired from cameras will typically be

4-2
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Using Raster Image Displays

displayed with Raster image displays. Each pixel in the image is displayed as a
greyscale value or an RGB color determined by indexing the intensity into a
color table (see “Using Image Displays with Color Transformations” on

page 10 of this chapter).

Figure 4-2 Raster image display.

' B: Zucchim

oo pm

To add/remove captions

DigitalMicrograph can display captions indicating the calibration of the image
(see Figure 4-3). Captions are off by default.

1. If you are viewing the image document in page mode, select the image
to which you want to add or from which you want to remove captions.

2. Choosémace DispLAY under the OBJECT menu.

The Obiject Info dialog will appear.

3. SelectCaprTiONS->CAPTIONS ON the left side of the dialog box.
The Captions panel will appear in the right side of the dialog box. See
Figure 4-4.

4. Click on theCaption check box to enable or disable captions.

See Figure 4-3 for an image display with Captions on.

5. Click on the Save Defaults button to indicate that you always want cap-
tions turned on or off for all new images.

o

Click OK.
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Using Raster Image Displays

Figure 4-3 Raster image display with Captions.
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Figure 4-4 Object Info—Captions—Captions.
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Using Surface Model Image Displays

To see a value at a particular image position

DigitalMicrograph will display the position of the cursor within the image and
the intensity of the pixel at that position in the Image Status palette. The values
will be displayed in calibrated units if the image is calibrated.

* Move the cursor over the Raster image display to see the pixel position
and value in the Image Status palette.

Figure 4-5 Image Status for Raster image display.

= Image Status
Image B

Type: Integer 2 Unzigned
Size: 5122512

¥ B83pm
" 86.3 pm
Walue: 11572

4.3 Using Surface Model Image Displays

Surface Model image display is only available on the MacOS version of Digi-
talMicrograph.

Figure 4-6 Surface Model image display.
O = n: nuasicrystal Diff. Patten = @8
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Using Surface Model Image Displays

The Surface Model image display is displayed as a three-dimensional surface
that you can rotate, scale, and move closer to or further from. The intensity of
each pixel in the image is correlated to a greyscale value or an RGB color deter-
mined by indexing the intensity into a color table (see “Using Image Displays
with Color Transformations” on page 10 of this chapter).

Your computer must hav@uickDraw 3Dinstalled in order to use Surface
Model image displays.

To adjust 3D rendering

You can adjust certain parameters of the 3D rendering process to either speed
things up or improve the quality of the rendering.

1. If you are viewing your image document in page mode, select the image
for which you want to adjust rendering parameters.

2. Choosdmace DispLAY under the OBJECT menul.

The Obiject Info dialog will appear.

3. SelectDispLAY->3p MopEL 0N the left side of the dialog box.

The 3D Model panel will appear in the right side of the dialog box.

Figure 4-7 Object Info—Display—3D Model.
Object Info
Display -Model
Z0 Hodel [ o
Contrast Dynamic Size
Caolor
Flacernent [ Dynamic Shaded
Image
Infiar H H
Miarossope Static Size
Eeywords -
Tags [ static Shaded
Calibration
Object [J Wwalls On
Tags
0K I Cancel I
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Using Surface Model Image Displays

4,

9.

Enter the Dynamic Size for rendering.

Dynamic Size is the rendering resolution used while rotating, scaling, zoom-
ing, or otherwise manipulating the surface model. A smaller rendering value
is appropriate here in order to speed up these processes.

CheckDynamic SHADED as desired.

While rotating, scaling, zooming, or otherwise manipulating the surface
model, you can choose to have it shaded or just be a wireframe model.
Enter the StaTic Size for rendering.

Static Size is the rendering resolution when the surface model is not being
edited. Larger values look smoother, but will slow down the rendering pro-
cess. This value should never be larger than the smaller of the width or the
height.

ChecksStaTic SHADED as desired.

This controls whether the model, when not being edited, is shaded or not.

CheckWwaLLs ON as desired.

This controls whether walls are drawn around the surface model. Walls can
improve the perception of the surface model.

Click OK.

The surface model will be changed according to your preferences.

To rotate the surface model

You can rotate the surface model in space usingotReTate tool. This tool is
located in thep TooLs palette.

Figure 4-8

Surface Model 3D tools.

A0 Tools

Dlﬂllll |

‘ 3D Scale tool
3D Distance tool

3D Rotate tool

Click and drag in the image with the 3D Rotate tool.

Move the cursor left and right and up and down to rotate the model left and
right and forward and backward.

DigitalMicrograph 3.4 User’s Guide
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Using Surface Plot Image Displays

4.4

To move closer or farther from the surface model

You can move closer to or farther from the surface model using the 3D Distance
tool. This tool is located in the 3D Tools palette.

« Click and drag in the image with the3D Distance tool.
Move the cursor up to move closer and down to move farther away.
To change the height of the surface model

You can change the height of the surface model using the 3D Scale tool. This
tool is located in the 3D Tools palette.

e Click and drag in the image with the3D ScaLE tool.

Move the cursor up to increase the model’s height and down to decrease it.

Using Surface Plot Image Displays

The Surface Plot image display is displayed as a three-dimensional surface.

Figure 4-9

Surface Plot image display.

=] B3

: D: Quasicrystal Diff. Pattern

™. Adjustment handles
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Using Surface Plot Image Displays

You can change the view of the surface plot slightly and you can choose
whether the surface plot is shaded or not. The intensity of each pixel in the
image is displayed as a greyscale value or an RGB color determined by index-
ing the intensity into a color table (see “Using Image Displays with Color
Transformations” on page 10).

To change the view of a surface plot
You can change the view of the surface plot.

« Change the view of the surface plot by dragging one of the three adjust-
ment handles.

Your view of the data will always be from the same side.
To turn Shading on or off

You can disable or enable Shading on the surface plot. The surface plot will be
rendered slightly faster if Shading is disabled.

1. If you are viewing the image document in page mode, select the image
for which you want to adjust Shading.

2. Chooséwmace DispLavyunder the OBJECT menu.

The Obiject Info dialog will appear.

Figure 4-10

Object Info—Surface Plot—Shading.

Object Info [ x|

Display
Contrast
Calor
Flacement

Image
Info
icroscope
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Tags
Calibration

DObject
Tags

Surface Plot

Shading

¥ Shading

Shading

Cancel |
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Using Image Displays with Color Transformations

4.5

3. SelectSurrace PLOT->SHADING On the left side of the dialog box.

The Shading panel will appear in the right side of the dialog box.
4. Click on the SHabinG check box to enable or disable shading.

5. Click OK.

Using Image Displays with Color
Transformations

In order to display an image using Raster, Surface Model, or Surface Plot dis-
play types, DigitalMicrograph must map the image’s data to the values 0
through 255. To display in color, each value from 0 to 255 is then associated
with a color. The section below describes these transformations.

About Color Transformations

DigitalMicrograph maps an image’s original data values to a color through a
sequence of steps.

1. Determine the contrast limits of the image’s data.

DigitalMicrograph uses two parameters, the low- and high-contrast limits,
to map the image’s original data into a range suitable for display of the
image. Pixels in the original image below the low-contrast limit are treated
as if they were at the low-contrast limit and those above the high-contrast
limit are treated as it they were at the high-contrast limit.

DigitalMicrograph can determine these contrast limits “automatically” by
surveying the image, or “manually” using values entered by the user.

When DigitalMicrograph surveys the image, it uses one of the survey meth-
ods (see “To change the survey method” on page 12 of this chapter) to esti-
mate or calculate exactly the minimum and maximum values in the image.
These values are used as the low- and high-contrast limits. When using the
manual method (see “To enter contrast limits manually” on page 13 of this
chapter), the user must enter these values.

DigitalMicrograph can also ensure a minimum difference between the low-
and high-contrast limits. See “To set the minimum contrast limit value” on
page 14 of this chapter. A minimum contrast level prevents unaesthetic dis-
play of images with very low contrast.

4-10
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Using Image Displays with Color Transformations

2.

Transform each mapped data value into a color index.

The mapped image values are then transformed into a color index that indi-
cates which color in the color table to use for displaying a particular pixel.
The Contrast Transform line depicts how this transformation is performed.
DigitalMicrograph supplies a number of standard contrast transform meth-
ods (see “To change the contrast transformation method” on page 15 of this
chapter) and allows you to build a custom one if you desire (see “To edit the
custom Contrast Transformation line” on page 17 of this chapter).

Display the pixel using the color table of the image.

DigitalMicrograph uses the color index to correlate each color in the color
table with pixels with specific intensities in the image. DigitalMicrograph
supplies a number of standard color tables for use in images and allows you
to build a custom one if you desire (see “To change the color table” on
page 16 and “To adjust colors via Histogram palette” on page 17 of this
chapter).

About Histograms

DigitalMicrograph can automatically calculate the histogram of an image dis-
played using Raster, Surface Model, or Surface Plot display types. The histo-
gram and the Contrast Transform lines are displayed in the Histogram palette.

Figure 4-11

Histogram palette.

= Histogram
/ Linear

| Gamma

The horizontal axis of the histogram represents data values with the left-most
side corresponding to the low values and the right-most side corresponding to
the high values. The vertical axis of the histogram represents the number of pix-
els with a particular data value.

DigitalMicrograph 3.4 User’s Guide
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Using Image Displays with Color Transformations

About Survey Methods

When DigitalMicrograph tries to automatically determine the contrast limits to
use in displaying an image, it surveys the image to determine the minimum and
maximum values in the image. DigitalMicrograph employs several methods
from which you can choose.

Cross-wire

Checks the values only on a cross going through the center of the image.
This method is quite fast and immune to extreme values except under the
cross. It will not optimize the contrast if the desired features do not fall
under the cross.

Sparse

Checks the values only on a distributed set of positions throughout the
image. This method is quite fast and immune to extreme values except
under the distribution. It is quite good at optimizing the contrast of the entire
image.

Whole image

Checks the values at every single pixel. This method is much slower and not
immune to extreme values within the image. It is quite good at optimizing
the contrast of the entire image.

Reduction

Checks the values by dividing the image into 16 equal squares. This method
is much slower and not immune to extreme values within the image. It is
quite good at optimizing the contrast of the entire image.

None

Does not check the values. Relies on the user entering proper contrast limit
values in the Object Info—Display-Contrast dialog (see Figure 4-12).

To change the survey method

1.

If you are viewing the image document in page mode, select the image
for which you want to change the survey method.

2. Choosémace DispLAY under the OBJECT menu.

The Object Info dialog will appear. See Figure 4-12.

4-12
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Using Image Displays with Color Transformations

3. SelectDispLAy->ConTRAST 0N the left side of the dialog box.

The Contrast panel will appear in the right side of the dialog box.

Figure 4-12 Object Info—Display—Contrast.
Object Info [ ]
| Display
Colar
Placerient
Image ~Contrast Limnits
Ihfo i
e ords Lawy |u,um 5902 | Est. Min 00015902
Tags High |D.99?249 Est. Max 0.997 249
Calibration E =
Object tin. Contrast Range IU.U
Tags
Captions Maode Im
Captiohs
[ Inverted
~Survey
IEross-wire 'I
Save Defaultsl Cancell OF. I

4. Select the desired survey method from th&rvey pop-up menu.

Figure 4-13 Survey Method pop-up menu.

Sparse
Whole image
Reduction

None

5. Click OK
To enter contrast limits manually

If you turn Survey off or don’t want DigitalMicrograph to automatically deter-
mine contrast limits, you can enter them manually.

1. If you are viewing the image document in page mode, select the image
for which you want to enter contrast limits manually.

2. ChooséwmacE DispLAY under the OBJECT menu.

The Object Info dialog will appear.
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Using Image Displays with Color Transformations

3. SelectDispLAy->ConTRAST 0N the left side of the dialog box.
The Contrast panel will appear in the right side of the dialog box.
See Figure 4-12.

4. SelectNone from the Survey pop-up menu (see Figure 4-13).
5. Enter the desired contrast limits in theLow and HicH fields.
6. Click OK.

To set the minimum contrast limit value

In order to improve the display of unaesthetic low-contrast images, you can set
a minimum contrast level that is used after automatically determining the con-
trast limits through one of the methods above.

1. If you are viewing the image document in page mode, select the image
for which you want to set a minimum contrast limit value.

2. Chooséwmace DispLAY under the OBJECT menu.

The Object Info dialog will appear.

3. SelectDispLAY->CoNTRAST ON the left side of the dialog.

The Contrast panel will appear in the right side of the dialog box.
See Figure 4-12.

4. Enter the desired minimum contrast limit value in theMiN. CONTRAST
RANGE field.

5. Click OK.
About Contrast Transformation Methods

DigitalMicrograph provides a number of standard contrast transformation meth-
ods.

e Linear

The Linear method maps data linearly from the contrast limits to the color
index. It can also apply a gamma transformation. Brightness, Contrast, and
Gamma control the offset, slope, and shape of the line used in the mapping.
See “To change Brightness/Contrast/Gamma graphically” on page 18 of this
chapter.

e Equalized

The Equalized method maps data so as to optimize color usage based on the
histogram. More colors will be used in areas with more pixels.
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Using Image Displays with Color Transformations

* Pseudo-Contour

The Pseudo-Contour method maps data repeatedly in a linear fashion from
the contrast limits to the color index. The contrast and contours control the
slope of each contour line and the number of contours used in mapping. See
“To change Contrast/Contours” on page 19 of this chapter.

¢ Custom

The Custom method maps data according to a custom mapping. You change
the mapping in the Histogram palette. See “To edit the custom Contrast
Transformation line” on page 17.

To change the contrast transformation method

1. If you are viewing the image document in page mode, select the image
for which you want to set the contrast transformation method.

2. Chooséwmace DispLAY under the OBJECT menu.

The Object Info dialog will appear.

3. SelectDispLAY->CoNTRAST ON the left side of the dialog box.
The Contrast panel will appear in the right side of the dialog box.
See Figure 4-12.

4. Select the desired method in thi#ope pop-up menu.

Figure 4-14

Mode pop-up menu.

Equalzed

| Peeudo-Contow
LLusiom

5. Click OK.
To save the default contrast settings

You can change the default contrast settings that DigitalMicrograph uses when
it creates a new image.

1. If you are viewing the image document in page mode, select the image
for which you want to change the survey method.

2. Chooséwmace DispLAY under the OBJECT menu.

The Obiject Info dialog will appear.
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Using Image Displays with Color Transformations

3. SelectDispLAy->ConTRAST 0N the left side of the dialog box.

The Contrast panel will appear in the right side of the dialog box (see
Figure 4-12).

4. Select your desired contrast settings.

5. Click on the Save Defaults button.

6. Click OK.

To change the color table

You can change the color table that DigitalMicrograph uses to display an image.

1. If you are viewing the image document in page mode, select the image
for which you want to change the color table.

2. Chooséwmace DispLAY under the OBJECT menu

The Object Info dialog will appear.

3. SelectDispLay->CoLor on the left side of the dialog box.

The Color panel will appear in the right side of the dialog box.

Figure 4-15 Object Info—Display—Color.
Object Info E
Dli:splta}'t Color Table
O 3E!
m T able: IGreyscale "I Save |
Placement EEEEEEEEEEEEEEEE
Image EEEEEEEEEEEEEEEE
Info EEEEEEEEEEEEEEEE
: EEEEEEEEEEEEEEEN
Microscope ENEEEEEEEEEEEEEE
Keywords EEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEE
Tags EEEEEEEEEEEEEEEE
C slibration EEEEEEEEEEEEEEEE
DObject
Tags
Captions
Captions
Cancel |
4. Select a desired color table from th&sLe pop-up menu.
5. Edit a color in the color table manually by double clicking on the color.
A dialog box asking you to select the new color will appear.
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Using Image Displays with Color Transformations

8.

Edit a range of colors manually by dragging over the range of colors.

Two dialog boxes asking you for the color at the start of the range and the
color at the end of the range will appear.

Save the color table by clicking on th&ave button.

A dialog asking for a filename to save it under will appear.

You do not need to save the color table, but if you don’t save it, it will only
be available on this particular image.

Click OK.

To adjust colors via Histogram palette

You can change an image'’s color table directly in the Histogram palette.

1.

If you are viewing the image document in page mode, select the image
for which you want to change the color table.

Drag within the color bar along the left side of the Histogram palette.

Drag through a desired range and DigitalMicrograph will distribute colors
evenly between the color where you started dragging and the color where
you stopped dragging. The color where you started dragging will remain the
same and the color where you stopped dragging will become the color you
select for the endpoint. See “Histogram palette.” on page 11.

To edit the custom Contrast Transformation line

You can build a custom Contrast Transformation line using the Histogram pal-
ette.

1.

If you are viewing the image document in page mode, select the image
for which you want to set a custom Contrast Transformation line.

Chooséwmace DispLAY under the OBJECT menu.

The Object Info dialog will appear.

SelectDispLAY->ConTRASTON the left side of the dialog box.
The Contrast panel will appear in the right side of the dialog box.
See Figure 4-12.

Select theCustom in the Mope pop-up menu.

Click OK.

DigitalMicrograph 3.4 User’s Guide
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Using Image Displays with Color Transformations

6. Draw the desired Contrast Transformation line in the Histogram pal-
ette.

The cursor will switch to a pencil when you move it over the Histogram pal-
ette.

To change Brightness/Contrast/Gamma graphically
You can change the brightness, contrast, and gamma of an image graphically.

1. If you are viewing the image document in page mode, select the image
for which you want to adjust the brightness, contrast, and gamma.

2. Adjust the brightness, contrast, and gamma values in the Display Con-
trol palette.

Figure 4-16 Brightness/Contrast/Gamma control.
- Display Control
e e,
Brightress: 0.50
-_—
Contrast: 0.50
e e,
Garnra: 0.50
To change/save default Brightness/Contrast/Gamma settings
You can change/save the default settings that DigitalMicrograph uses when it
creates a new image.
1. If you are viewing the image document in page mode, select the image
for which you want to change the settings.
2. ChoosédmacE DispLAY under the OBJecT menu.
The Object Info dialog will appear.
3. SelectDispLay->DispLAY On the left side of the dialog box.
The Display panel will appear in the right side of the dialog box. See
Figure 4-17.
4. Select your desired settings.
5. Click on the Save Defaults button.
6. Click OK.
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Using Image Displays with Color Transformations

Figure 4-17
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To change Contrast/Contours

You can change the contrast and number of contours of an image using a
Pseudo Contrast contrast mode.

1.

If you are viewing the image document in page mode, select the image
for which you want to adjust the number of contours and the contrast
of the contours.

Choosémace DispLAY under the OBJECT menul.

The Object Info dialog will appear.

SelecDispLAY->CoNTRAST 0N the left side of the dialog.

The Contrast panel will appear in the right side of the dialog box.
See Figure 4-12.

Select thePseupo-ConTour in the Mobe pop-up menu.
See Figure 4-14.

Click OK.

Adjust the contrast and number of contours in the Display Control pal-
ette. See Figure 4-18.
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Using Image Displays with Complex Data

Figure 4-18 Display Control palette—Contrast/Contours.
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4.6 Using Image Displays with Complex
Data

Images that have a complex data type need to be converted to a real number (as
opposed to a complex number) in order to be displayed.

To change the display of complex data

DigitalMicrograph supplies five methods of converting complex data to real
data for display.

1. If you are viewing the image document in page mode, select the image
for which you want to set the complex data conversion method.

2. Chooséwmace DispLAY under the OBJECT menu.

The Object Info dialog will appear.

Figure 4-19 Object Info—Display—Complex.
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Using RGB Image Displays

3. SelectDispLay->CompLEX On the left side of the dialog box.

The Complex panel will not appear if the image does not have a complex
data type.

4. Select the desired conversion method in tl@mpLEX DisPLAY pop-up
menu.

Figure 4-20 Complex Display pop-up menu.

Dizplay Real Part
Dizplay Imaginary
Diizplay M odulus
:Dizplay Log of Modulus
Dizplay Phase

5. Enter theRaNGe parameter used in calculating the log of the modulus, if
necessary.

6. Click OK.

4.7 Using RGB Image Displays

The RGB display is displayed two-dimensionally, like a conventional color
photograph. The intensity of each pixel in the image is directly determined by
the value of the image (which can only be RGB data type). The RGB image dis-
play looks similar to the raster image display.

Figure 4-21 RGB image display.
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Using Line Plot Image Displays

Images acquired from color cameras will typically be displayed with RGB
image displays.

To see a value at a particular image position

DigitalMicrograph will display the position of the cursor within the image and
the intensity of the pixel at that position in the Image Status palette. The values
will be displayed in calibrated units if the image is calibrated.

* Move the cursor over the RGB image display to see the pixel position
and value.

Figure 4-22

4.8

RGB pixel values in Image Status palette.
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Using Line Plot Image Displays

The Line Plot display is displayed as a one-dimensional plot. Images acquired

from one-dimensional devices such as spectrometers will typically be displayed
with Line Plot image displays. If a two-dimensional image is displayed using a

line plot, each row in the image will be superimposed on the line plot in a differ-
ent color (up to eight different colors).

Figure 4-23

Line Plot image display.
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Using Line Plot Image Displays

To see a value at a particular image position

DigitalMicrograph will display the position of the cursor within the line plot
and the intensity of the pixel at that position in the Image Status palette. The
values will be displayed in calibrated units if the image is calibrated.

* Move the cursor over the line plot image display to see the pixel position
and value.

Figure 4-24 Line Plot pixel values in Image Status palette.
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To adjust line plot data view

You can control the range of data that is displayed, the channels to be displayed,
and whether DigitalMicrograph should automatically determine image data dis-
play limits.

1. If you are viewing the image document in page mode, select the image
for which you want to adjust the line plot data view.

2. Chooséwmace DispLAY under the OBJECT menu.

The Obiject Info dialog will appear.

3. SelectDispLAY->LINE PLOT 0N the left side of the dialog box.
The Line Plot panel will appear in the right side of the dialog box.
See Figure 4-25.

4. Enter the desired low and high limits of image data to display in the
Line Plot.

Editing these values automatically turns off automatic survey.
You do not need to enter values here if you want DigitalMicrograph to cal-
culate the value automatically.

5. Turn automatic survey on/off, as desired, for the lower and upper dis-
play limits.
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Figure 4-25 Object Info—Display-Line Plot.
Object Info E
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Lowy Limit |4IZI.EBE| Min 52
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Image ¥ 2o Survey Low
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Microscope .
Keywards Left EhanneII-E Width 135
Tags Riight
Calibration Channel 137
DObject
Tags
Cancel |

6. Enter the left channel and right channel to be displayed.

7. Click OK.

To adjust line plot display options

You can control a number of options affecting the line plot display.

1. If you are viewing the image document in page mode, select the image
for which you want to set options.

2. ChooséwmacE DispLAY under the OBJECT menu.

The Obiject Info dialog will appear.

3. SelectDispLay->0pTioNs 0On the left side of the dialog box.

The Options panel will appear in the right side of the dialog box.
See Figure 4-26.

4. Check or uncheck the desired options.

5. Click OK.
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Figure 4-26 Object Info—Display—Options.
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To set the default window size for a line plot

You can set the default window size for a line plot. All line plots created and
displayed in windows will use the default window size.

1.
2.

4.
5.

Create a line plot and size the window to the desired size.

Chooséwmace DispLAY under the OBJECT menu.

The Object Info dialog will appear.

SelectDispLAY->PLACEMENT ON the left side of the dialog box.
The Placement panel will appear in the right side of the dialog box.
See Figure 4-27.

Click on the Save Defaults button.

Click OK.

To move the line plot display within the frame

You can move the line plot display within the frame using either a tool or by
using the keyboard.

Click on the line plot axes with the Pointer tool and drag.

This will graphically move the Line Plot within its frame.
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Figure 4-27 Object Info—Display—Placement.
Object Info E
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* Use the following keyboard commands to move the Line Plot within its
frame.

Press the& (up), 6 (right), 2 (down), and4 (left) keys on the numeric keypad.
To scale the line plot display within the frame
You can scale the line plot display within the frame.
» Click on the Line Plot with the Horizontal or Vertical Zoom tools.

Hold down the Option under the MacOS or the Alt key under Windows to
zoom.

Figure 4-28 Line Plot Tools.

- Lire Flat Tools

._I_.l I N i Sub Area Zoom tool

[
Vertical Zoom tool
Horizontal Zoom tool
Move tool
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» Click on the line plot axes with the Pointer tool and drag while holding
the Control key down.

This will graphically rescale the Line Plot within its frame.

4.9 Using Spreadsheet Image Displays

Spreadsheet display is displayed as a table of numbers representing pixels in the
image. It can show any type of image data.

To edit a pixel in an image

You can edit a pixel within a spreadsheet.

Figure 4-29 Spreadsheet Image Display.
i ot cz oz 4 =
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3 0.5595523 0.8303E1 0.z230074 0.630446 0.431537
R 0.728534 0.75E416 0.049547 0.6315E3 0.556497
RE O.704773 0.r&80515 0.266121 0.89633 0.01z224
Re 0.02%6503 | 0.0247281 |0.531513 0.667241 0.38672
L 0.500346 0.35008 0.7r75651 0.416535 0.151191
RE 0.941541 0.0425713 |0.027377% | 0.141083 0.563206
RS O.645673 0.893452 0.5E55595 0.142672 0.691868
R0 0.580163 0.812783 0.307763 0.8245E1 0. 2866581
fI_TJ 0.9214 0.853161 0.0636407 | 0.805361 D.43418?4|j
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* Double click on the cell containing the pixel you want to edit.

The Edit Value dialog will appear for you to enter a new value.

Figure 4-30 Editing a RGB spreadsheet cell.
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5 Image Documents

DigitalMicrograph stores images in image documents that contain a representa-
tion of a printed page upon which you can lay out images, objects, and other
annotations.

5.1 About Image Documents

Image documents are displayed in image windows and contain a graphical rep-
resentation of a page upon which images, objects, and annotations can be
placed.

About pages

When you want to print your page to a laser, dye-sublimation, or other type of
printer, you will need to lay out your images, objects, and annotations upon the
page. DigitalMicrograph can represent this page graphically within an image
window (see Figure 5-1). The image document may also contain images,
objects, and annotations that lay outside the boundaries of the page. DigitalMi-
crograph keeps track of objects both on and off the page.

The page is represented by the white area in the image window (see Figure 5-1).
The dotted lines represent the printable area of the pagebjects or portions

of objects outside the dotted lines of the page or in the grey area of the window
will not be printed

About objects

Objects in DigitalMicrograph are any item within an image document that can
be manipulated directly. Objects include images, boxes, arrows, lines, ovals,
masks, particles, scale markers, etc.

Objects are attached to a parent. The default parent is called a target. The parent
can either be the page itself or an image on the page. Objects will move and
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Figure 5-1

Graphical page representation.

: F- untitled3 M=] E3

scale with their parent. For example, an object attached to an image will move
when the image is moved and become larger or smaller when the image is made
larger or smaller.

About modes

An image document has two modes by which you can view it. In page mode, a
representation of the page is displayed and you can lay out multiple images on
the page. In image mode, a single image is displayed. Its position on the page is
determined by switching to page mode (repositioning it if necessary) and then
switching back to image mode.

About targets

In page mode, when you add a simple object such as a text annotation, a line, or
a box to an image document, it is attached to a target. The target can either be
the page or an image contained in the image document. Objects attached to the
page will move and scale when the page is moved or scaled. Objects attached to
an image will move and scale when that image is moved or scaled.

Generally, annotations which are specific to an image (such as arrows or text
pointing out features, scale markers, or particles) are attached to an image.
Annotations which are not specific to an image (such as a company or site logo)
are attached to the page.

You can change the target easily. See “To set the target in the Target palette” on
page 10.

5-2
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About images

Images are special objects within DigitalMicrograph. Since one of the primary
purposes of DigitalMicrograph is to deal with images, many operations will act
upon an image object within an image document. For example, there may be
four images contained within an image document. In order to rotate one of
them, you will either have to select one of the images if you are in page mode
and then perform the rotate command from the menu. If you are in image mode,
the image choice will already be obvious since there will be only one image dis-
played.

About the Control Palette

Objects can be directly manipulated by using the mouse. For instance, a box can
be resized by dragging and moved with the Pointer tool.

Objects can also be precisely controlled via the Control palette, which changes
according to the object selected. Different objects have different properties and
the Control palette will allow you to manipulate those properties specific to the
object selected.

For example, when a line is selected, controls are provided for the x and y posi-
tions of the line, the length of the line, the rotation of the line, and the anchor
point of the line (the square depicted on the line).

Figure 5-2

5.2

Control palette for a line.
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Manipulating Objects

You will need to manipulate objects, such as images and annotations, in order to
print or otherwise present your data.

To select objects

When you have multiple objects within an image window and you want to do
something to one of them (such as delete it), you will need to select the desired
objects in order to tell DigitalMicrograph in which object you are interested.
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You select objects in two different ways.
e To select a single object, click on the object with the Pointer tool.

e To select multiple objects, drag around the objects with the Pointer
tool.

You can extend the current set of selected items by holding downthkey
while selecting a new item.

You can reduce the current set of selected items by holding dosnairthkey
while selecting an already selected item.

To move objects

Many objects can be directly moved. Other objects are intrinsically associated
with an image (such as a Fourier or particle mask) and cannot be directly
moved. Be careful not to drag any of the green handles on an object since that
will change the object instead of moving it (it may change the size of a box, for
instance).

« To move objects, click and drag the object with the Pointer tool.

« To move multiple objects, first select and then drag the objects with the
Pointer tool.

Objects can also be moved to other image documents or to another application.
When you drag an object outside of its image document window, it will change
to an outline and you can drag this outline to other applications and other image
document windows (see “To drag and drop objects” on page 9).

To move the target image display in page mode

Images are treated specially in some cases. Since objects can be attached to
images and you may want to manipulate those objects directly, DigitalMicro-
graph locks the target image display in place to prevent accidently moving it.

« To move the target image display when you are in page mode, hold
down the OPTION KEY UNDER THE MACOS AND THE Alt key under Windows
while dragging the image with the Pointer tool.

You can also temporarily change the target to be the page instead of the image
in order to move a particular image (see “To set the target in the Target palette”
on page 10).

In image mode, the image cannot be moved with respect to the page. When in
image mode, to move the image upon the page, switch to page mode and then
switch back to image mode.

5-4
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To manipulate objects using the mouse

Manipulating an object means changing anything about it other than its position
on the page. For instance, changing the size of a box.

Many objects can be directly manipulated. Other objects can only be moved and
still others can only be selected and not be changed or moved.

« To manipulate an object, click and drag one of the green handles with
the Pointer tool.

Different objects will present different handles and different handles may
change the object in different ways. For instance, dragging on any of the four
handles of a box annotation will change the size of the box. Change on any of
the four handles of a text annotation will only move the text annotation. The
size of a text annotation is determined by the size of the font and this is set
through the menus.

To change an image’s placement through the Object Info dialog

You can change the placement of an image by using the Object Info dialog.
1. Switch to page mode using the target palette.

2. Select an image for which you want to set the placement.

3. Choosémace DispLAY under the OBJECT menul.

Figure 5-3

Object Info—Display—Placement.
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4. SelectDispLay->PLACEMENTON the left side of the dialog box.

The Placement panel will appear in the right side of the dialog box (see
Figure 5-3).

5. Enter the desired X and Y positions.

6. Click OK.

To change an object graphically

You can use the Control palette to precisely place an object.
1. Select an object you want to reposition.

2. Reposition the object using the controls in the Control palette.

Figure 5-4 Control palette for Raster image display.
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The Control palette shown in Figure 5-4 is for a Raster image display.
You can change the position using the X and Y controls.

You can also change the zoom factor using the Zoom (Zm) control.
To change the front-to-back ordering of objects

You can change the front-to-back ordering of objects.

1. Select the objects for which you want to change the ordering.

2. ChooS€eSEND BEHIND Or BRING TO FRONT from the OBJECT menu.

Only items attached to a common object can be sent to the back or brought
to the front together.

The ordering is within the parent object. For instance, annotations attached to an
image will always be in front of the image. To send the annotations behind the
image, detach them from the image and change the ordering once they are
attached to the page.
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To group objects
You can group objects together.

1. Select the objects you want to group together.

Grouped objects must all belong to the same parent. The resulting group
will belong to the same parent.

2. ChooseGroup from the OBJECT menu.

The objects will now be grouped together.

Grouped objects can only be manipulated and moved as a unit. The individual
objects within the group cannot be manipulated directly. To manipulate the
individual objects directly, ungroup the group.

To ungroup objects
You can ungroup objects that have been previously grouped.
1. Select the groups you want to ungroup.

2. Chooseuncroup from the OBJECT menu.

The resulting individual objects will belong to the parent that the group
belonged to. For instance, ungrouping a group attached to an image will
result in the individual objects being attached to the image.

To attach an object to an image
You can detach an object attached to a page and re-attach it to an image.
1. Select the objects you want to attach to an image.

The objects must initially be attached to the page.

2. Select the image to which you want to attach the objects.

You will have to hold down theHirt key to make the additional selection.

3. ChooseAttacH from the OBJECT menul.

The objects will now be attached to the selected image. If multiple images
are selected (which means you are attaching one image to another), the rear-
most selected image will be used as the new parent for the image and
objects.

To detach an object

You can detach an object attached to an image and re-attach it to its page.
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1. Select the objects attached to an image.

If multiple objects are selected, they must all be attached to the same image.

2. ChooseDeTacH from the OBJECT menul.

The objects will now be attached to the page.
To align objects
You can align multiple objects to one another.

1. Select the objects you wish to align.
The objects must be attached to the same parent.

2. Choose the desired alignment from thaLicn submenu under theOsJect
menu.

Figure 5-5 Align submenu.
Huorizontal Centers
Vertical Centers
Centers
3. You can align horizontal centers, vertical centers, or both.
5.3 Editing
DigitalMicrograph provides many standard methods for moving objects
between image documents and between other applications.
To copy and paste objects
You can use the Cut and Paste method to move objects from one image docu-
ment to another image document, from an image document to another applica-
tion, or from another application to an image document.
1. Select the objects you want to copy.
2. ChooseCopy from the Ebir menu.
3. Click on the title bar of another image document or switch to another
application.
You can skip this step to copy an exact duplicate of the selected objects into
the current image document.
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4. ChoosePasTE from the Epir menu.

The objects will be pasted into the selected image document or application.

To drag and drop objects

You can use the Drag and Drop method to move objects from one image docu-
ment to another image document, from an image document to another applica-
tion, or from another application to an image document.

« Drag the desired objects with the Pointer tool to another window.

The drag will begin when the object leaves the window. The object will turn
into an outline. You can drop this outline in other windows or back in the
same window. If you drop it back in the same window, it will move the
object to the new location.

Under the MacQOS, to start dragging immediately (instead of having to move
to the edge of the window), hold down ttmmanD key when starting the
drag. The outline of the selected objects will appear immediately.

To cut and clear objects

You can use the Cut and Delete method to remove objects from an image docu-
ment.

1. Select the objects you want to cut or delete.

Cutting stores the object in the clipboard until you paste it or copy or cut
something else.

2. ChooseCut or CLEAR from the Epim menu.
You can also press tieLeTe key to delete objects.
The objects will be deleted from the image document.

5.4 Adjusting the Target

Objects are always attached to a parent. The default parent is called a target.
The target can be either the page or an image on the page. If you are in image
mode, the target is always the image. If you are in page mode, you can select
either the page or the image as the target.

Objects attached to the page are independent from the images and move and
scale with the page.

Objects attached to images move and scale with that image, but are independent
from the other images on the page.
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To set the view mode in the Target palette

You can switch from page mode to image mode in the Target palette.

Figure 5-6 Target palette.
I |
i Target
¥ Page
0 A mage
* Click on the radio button to the left of “Page” to switch to page mode.
* Click on the radio button to the left of the image that you want to switch
to image mode.
To set the target in the Target palette
You can set the default target using the Target palette.
1. Switch to page mode using the Target palette.
You must be in page mode to select the target.
2. Click on the text “Page” to target the page.
If the page is the selected target, a blue outline along the border of the win-
dow will flash in the MacOs and a dark border will appear around the page
in Windows.
3. Click on the text “Image” for the image you want to target.
If an image is the selected, the handles of the image will flash.
The selected target will be displayed in bold type in the Target palette.
5.5 Setting Object Information
DigitalMicrograph stores extra information with some objects. This information
is used by scripts and operations performed on the object. You can access this
information via thedsJect INFo dialog.
To edit an object’s tags
You can directly edit an object’s tags. Editing tags is a very advanced use of
DigitalMicrograph and should in general not be done unless you have explicit
instructions on how to do so. It is possible to make images unloadable by edit-
ing tags.
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1. Select the object whose tags you want to edit.

2. Choose0osject from the OBJECT menu.

The Obiject Info dialog will appear.

Figure 5-7 Object Info—Object —Tags.
Object Info E
Object iz box: 1
Edit| dd| Remave |
Ok I Cancel |

3. SelectOBiecT->TAGS 0n the left side of the dialog box.
The Tags panel will appear in the right side of the dialog box.
4. Enter the information in the right portion of the dialog box.

A list of tags is displayed. You can use the twist-down controls
to open up groups and lists of tags.

Edit Click this button to edit the selected tag.
Add Click this button to add a new tag.
Remove Click here to remove the selected tag.

5. Click OK.
Switching to a different panel will automatically save your choices.
To edit an object’s other properties

Some objects will have additional properties that can be edited usiogptbe
INFo dialog.

1. Select the object whose properties you want to edit.
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2. ChooséwmacE DispLAY from the OBJECT menul.

The Object Info dialog will appear.

3. Select the desired property panel along the left side of the dialog.

The selected panel will appear in the right side of the dialog box.

4. Edit the properties.

5. Click OK.
Switching to a different panel will automatically save your choices.

5.6 Boxes, Ovals, Lines, Arrows, and Text

You can add boxes, ovals, lines, arrows, and text annotations to an image docu-
ment. Annotations will be attached to the selected target by default. You can
detach or attach them as desired.

To add an annotation
You can use the tools in the Standard Tools palette to add annotations.

1. Select the desired tool from the Standard Tools palette.

You can choose the Text, Line, Box, or Oval tool.

Figure 5-8 Standard Tools palette.
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| Text tool
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2. Click and drag in the image using the selected tool.
If you add a text annotation, start typing your text after the first click with
the tool.

3. Adjust the display of the annotation to suit your preferences.
Methods for adjusting the display of the annotation are covered below.
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To precisely place boxes and ovals

You can precisely view and edit the position of boxes and ovals using the Con-
trol palette.

» Select the desired box or oval and edit it using the Control palette.

Figure 5-9 Control palette for boxes and ovals.
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You can view and edit theand y positions and the width and height using the
Control palette.
TheX andy controls display the calibrated coordinates of the anchor point of the
box or oval. The calibrated coordinates are in terms of the parent of the box or
oval object.
TheWw andH controls change the width and height while holding the anchor
point constant.
The square on the upper left hand corner of the box in the Control palette is the
anchor point of your annotation. This determines the point at which your box is
anchored when enlarged or reduced. You can change the anchor point by click-
ing on the other control points on the box.
To precisely place lines and arrow
You can precisely view and edit the position of lines and arrows using the Con-
trol palette.
» Select the desired line and edit it using the Control palette.

Figure 5-10 Control palette for lines.
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You can view and edit theandy positions, the length, and the rotation of the
line using the Control palette.

TheX andy controls display the calibrated coordinates of the anchor point of
the line. The calibrated coordinates are in terms of the parent of the line object.

ThelL control changes the length of the line while holding the anchor point con-
stant.

TheR control changes the rotation of the line while holding the anchor point
constant.

You can change the anchor point by clicking on different control points on the
line annotation.

To change an annotation’s background

Annotations can be drawn using different styles. You can make an annotation
white, white on a black background, black, or black on a black background.
Furthermore, boxes and ovals can be filled or unfilled.

1. Select the annotation for which you want to change its background.

2. Choose an item from the8ackGRounD submenu of theOBJECT menu.

You can change an annotation’s drawing style by the proper selection.

Figure 5-11 Annotation background.
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To change a text annotation’s font, size, style, or alignment
You can also change the font, font size, or style of text annotations.
1. Select the text annotation you wish to change.

2. Set the text font by choosing an item from th&xt FonT submenu under
the OBJECT menu.

3. Set the text size by choosing the size from thiext Size submenu under
the OBJECT menu.

You can also make the fonts slightly larger or smaller by choasiagr or
SmaLLER from theText Size submenu. Furthermore, you can set the text size to
a size not listed in the menu by choosinger from theText Size submenu.
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4. Set the text style by choosing desired styles from tiiext StyLe submenu
under the OBJECT menu.

ChoosingPrain TexT will reset the style. Choosing the other items will toggle
those items on or off.

5. Set the text alignment by choosing the desired alignment from titext
ALIGNMENT submenu under theOBJECT menu.

Figure 5-12

5.7

Text alignment.

+ A untitled17

Text alignment refers to how the text is aligned within the annotation. It will
only apply to text annotations spanning multiple lines.

Saving Image Documents

Saving image documents is described in Chapter 2. There are many different
formats for saving the files. The different formats have different tradeoffs.

About file formats

The only file format that retains all of the images contained in the image docu-
ment as individual images is the Gatan file format. All other formats handle
only a single image. When you save an image document to these file formats,
DigitalMicrograph creates a new image that represents the image document
view (page or image) as it appears at screen resolution. You can also export an
image at the maximum resolution the file format supports. See Chapter 2 for
more details.

Support for file types other than the DigitalMicrograph format is provided via a
Import/Export Plug-in. For information on the specific file formats, see the doc-
umentation for the Import/Export Plug-in.
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5.8

Importing Images

DigitalMicrograph can import some images stored in text or binary files with
unrecognized file formats. You will need to know certain information about the
image stored in the file in order to use this technique.

To import images

You need to know the data type and the width and height of the image to import
a binary image. To import a text image, the pixels in the image need to be sepa-
rated by tabs. DigitalMicrograph can determine the width and height of text
images if each row is separated by a carriage return or line feed.

1. ChoosédwmporT DATA under the FILE menu.

You will be asked to select a file to open.

2. Find and open the desired data file.

ThelvporT IMAGE dialog box will appear.

Figure 5-13 Import Image dialog.
Import Image
------- File - Format
Length: 135213 i o (3 Tent
Lines Are Rows
....... Data Type Get $ize By Counting
[ Real 4 Byte
------- {# Binary
------- Size
Width: ] Swap Data Bytes
cancel | 0K |
3. Select the data type from th@®ata TYrE pop-up menu.
If you are importing a file that contains binary data, continue with Step 4.
If you are importing a file that contains text data, skip to Step 9.
4. Click on the BinarY button.
This will enable the options f@&mnary data and dim the options ftaxT data.
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5. Inthe OrrseT edit box, enter the offset at which to start reading the data
within the file.

The offset is specified in bytes.

6. To enable byte swapping, click olSwap DATA BYTES.

On the Macintosh, the high-order bytes are stored first. However on some
other systems, the low-order bytes are stored first and byte swapping is nec-
essary.

7. Enter the size of the image in th&/ipotH and HeiHT edit boxes.

8. Click OK to import the image.
If there are no problems, a new image will be created.
See “About import problems” on page 18 for a discussion of possible prob-
lems.

The following steps describe importing from a text file:

9. Click on theText button.
This will enable the options for Text data and dim the options for Binary
data.

10. Enable or disableLiNnes ARE Rows as appropriate.

If each row of data ends with a line feed.,i.e., lines are rows, then DigitalMi-
crograph can determine the width of the image. Enabling this item enables
GET SizE BY COUNTING.

If you disableLines ARE Rows, skip to Step 12.

11. Enable or disableGET Size By CounTING as desired.

If you enabled.ines ARe Rows, DigitalMicrograph can determine the width
and height of the image. Enabling this item disablesvtbrer andHeiGHT
edit boxes.

If you enableGEeT Size By CounTing, skip to Step 13.
12. In the WipTH and HeiGHT edit boxes enter the size of the image.

13. Click OK to import the image.

If there are no problems, a new image will be created. See “About import
problems” on page 18 for a discussion of possible problems.
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About import problems

If DigitalMicrograph cannot import the file according to the parameters that you
specify, it will display a dialog describing the error.

For binary files, the file length as shown in theorT IvAcE dialog box should

be greater than or equal to the (width * height * size of the data type) + offset.
Additionally, if you enter an erroneous width or offset, DigitalMicrograph may
be able to construct an image, but it will appear distorted. An erroneous length
can also result in garbage appearing at the end of the image.

5-18
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6 Basic Image Analysis

DigitalMicrograph provides many tools for analyzing and processing images.
This chapter describes how to use the analysis and processing tools specific to
DigitalMicrograph. For a more general discussion of image processing, consult
an image processing textbook, sucfTas Image Processing Handbdok

John C. Russ.

6.1 Using Image Regions of Interest

Many times, in order to process or analyze an image, you will need to select a
region of interest (ROI) on an image. The region of interest indicates the part of
the image your are interested in processing or analyzing.

Methods of selecting regions of interest are specific to the type of image display
the image is displayed as.

TheSeLecTion palette provides a set of tools for indicating regions of interest.

Figure 6-1 Selection palette.
I - |
~ ROl Tools
i3 [2-[¢] # | open-Line tool

I
| Closed-Loop tool
Point tool
Line ROI tool
Rectangular tool
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To specify a rectangular region of interest on an image with a Raster or RGB
display

You can make a rectangular region of interest on an image displayed with the
Raster or RGB image display type.

Use the Rectangular ROI tool to make a region of interest.

Making a region of interest will erase all previous regions of interest. To
extend an existing set of regions of interest, hold dowsHthekey while
making the new region of interest.

Hold down theConTroL key while making a rectangular region of interest to
restrict it to be a square.

Hold down theOpTION KEY UNDER THE MACOS AND THE ALT key under Windows
while making a rectangular region of interest to restrict it to be a rectangle
with a side that is a power of two (useful when performing FFTSs).

The region of interest will appear as a red-dashed rectangle.

Figure 6-2

Raster image display with rectangular region of interest.

To specify a line of interest on an image with a Raster or RGB display

You can make a line of interest on an image displayed with the Raster or RGB
image display type.

Use the Line ROI tool to make a line of interest.

Making a line of interest will erase all previous regions of interests. To
extend an existing set of regions of interest, hold dowsHhkekey while
making the new region of interest.

Hold down theConTroL key while drawing a line of interest to restrict it to
45° or 90°.

The region of interest will appear as a red-dashed line (see Figure 6-3).

6-2
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Figure 6-3 Raster image display with line of interest.
To specify a point of interest on an image with a Raster or RGB display
You can specify a point of interest on an image displayed with the Raster or
RGB image display type.
» Use the Point ROI tool to make a point of interest.
Making a point of interest will erase all previous regions of interest. To
extend an existing set of regions of interest, hold dowsHhkekey while
making the new region of interest.
The region of interest will appear as a red cross-hair.
Figure 6-4 Raster image display with points of interest.

To specify a closed-loop region of interest on image with a Raster or RGB dis-
play

You can specify a closed-loop region of interest on an image displayed with the
Raster or RGB image display type.

e Use the Closed-Loop tool to make a closed-loop region of interest.

Making a closed-loop region of interest will erase all previous regions of
interest. To extend an existing set of regions of interest, hold dovgnithe
key while making the new region of interest.

The region of interest will appear as a red-dashed region.
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Figure 6-5 Raster image display with closed-loop region of interest.
To specify an open-line region of interest on an image with a Raster or RGB
display
You can specify an open-line region of interest on an image displayed with the
Raster or RGB image display type.
« Use the Open-Line tool to make an open-line region of interest.
Making an open-line region of interest will erase all previous regions of
interest. To extend an existing set of regions of interest, hold dovgrithe
key while making the new region of interest.
The region of interest will appear as a red-dashed line.
Figure 6-6 Raster image display with open-line region of interest.
To adjust a region of interest on an image with a Raster or RGB display
Regions of interest are just additional objects attached to images. You can move
them around as desired. You can also select, deselect, copy, drag, and delete
them.
You can edit rectangular and line regions of interest.
« Edit rectangular and line regions of interest by dragging their handles.
Hold down theConTroL key while changing a rectangular region of interest
to restrict it to be a square.
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Hold down theOpTion key while changing a rectangular region of interest to
restrict it to be a rectangle with a side that is a power of two (useful when
performing FFTSs).

Hold down theConTroL key while changing a line of interest to restrict it to
45° or 90°.

To specify a region of interest on an image with a line plot display

You can specify region of interest on an image displayed in the Line Plot image
display type.

If the line plot is the target, use the Pointer tool to make a region of
interest.

If the line plot is not the target, use the Rectangular ROI tool to make a
region of interest.

Making a region of interest will erase all previous regions of interest. To
extend an existing set of regions of interest, hold dowsthekey while
making the new region of interest.

The region of interest will appear as a colored rectangle on the line plot.

Figure 6-7 Line Plot image display with regions of interest.
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To adjust a region of interest on an image with a line plot display

You can edit existing regions of interest on a line plot.

1.

Make the line plot the target for the image document.

See Section 5.4 for adjusting a target.

Use the Pointer tool to drag the sides of a region of interest.

Start the drag on one of the sides of the region of interest.

DigitalMicrograph 3.4 User’s Guide
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3. Use the Pointer tool to move an entire region of interest.

Start the drag in the middle of the region of interest.

4. Use the Pointer tool to drag on the region of interest badge to access a
region of interest lying beneath other regions of interest.

Some regions of interest may be marked as unmovable. You cannot move these

regions of interest. The application that created them (such as Spectrum Imag-
ing) will be responsible for moving them, if necessary.

To delete a specific region of interest on an image with a line plot display
You can delete specific regions of interest on a line plot.
1. Switch to image mode with the desired line plot as the image.

2. Select the regions of interest that you wish to delete by clicking on their
badges (the +s).

The badge will turn into a solid square when it has been selected.
3. Use the Shift key to select or deselect additional regions of interest.
4. Type the Backspace or Delete key.

Some regions of interest may be marked as undeletable. They will appear as
solid rectangles. You cannot delete these regions of interest. The application
that created them (such as Spectrum Imaging) must delete them.

To make a region of interest on an image with a Spreadsheet display

You can also make rectangular regions of interest on images with Spreadsheet
displays.

1. Make the Spreadsheet image display the target for the image docu-
ment.

See Section 5.4 for adjusting a target.

2. Use the Pointer tool to make a region of interest.
Drag with the Pointer tool to select the desired cells.
See Figure 6-8.
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Figure 6-8 Spreadsheet image display with region of interest.
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6.2 Using Line Profiles

You can use a line profile to sample an image along a line and display the sam-
pled data in a line plot. The line plot will represent the data in the source image
even if the source data changes or the line-profile position changes in the source
image.

You can only create line profiles on images with a Raster display.

You can also integrate the original source data perpendicularly to the line pro-
file. See “To adjust the integration width of a line profile” on page 9.

To create a line profile

You can only create a line profile on an image with a Raster display.

» Use the Line Profile tool to create a line profile.

Figure 6-9 Line Profile tool.
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A new Line Plot window will be created that represents data sampled from the
source image beneath the line profile.

Figure 6-10

Line Profile and Line Plot.
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To adjust the endpoints of a line profile

You can adjust the endpoints of a line profile by two methods.

< Adjust the endpoints by dragging the handles on the line profile.
e Adjust the endpoints by double-clicking on the line profile.

The CHANGE ProFILE INFO dialog will appear. Enter the desired coordinates in this
dialog. The coordinates should be specified in uncalibrated units (i.e. pixels).

Figure 6-11

Change Profile Info dialog.

Change FProfile Info |
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Cancel |
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To adjust the integration width of a line profile
You can adjust the integration width of a line profile by two methods.

» Adjust the integration width by selecting the line profile and pressing
the ‘+" and ‘-’ keys.

e Adjust the integration width by double-clicking on the line profile.

The CHANGE ProFILE INFo dialog will appear. Enter the desired integration width
in this dialog. The line profile will change to reflect the integration width. See
Figure 6-12.

Figure 6-12 Profile Line with integration.

6.3 Calculating Image Statistics

DigitalMicrograph can calculate certain statistical information about images.
To calculate statistics of an image’s pixels
You can calculate certain statistics of the pixels in your image.

1. Make sure the Results window is open.

Chooseoren ResuLTs from thewinoow menu to open the Results window if it
is not open already.

2. Select the image from which to calculate statistics.

3. Choose the desired statistics from thg&ratistics submenu under theAna-
LYZE menu.
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Figure 6-13 Statistics submenu.

tean and Std. Dev.
b imirnunn and b axirmumm
Sum

Al

The results of the calculations will be displayed in the Results window.

Figure 6-14 Results of statistics calculations.
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6.4 Using Calibrations

DigitalMicrograph allows you to calibrate an image so that the row, column,
and intensity correspond to physical values. Calibrations can be performed
using the Object Info dialog or using a line of interest.

The calibration uses two numbers, offset and scale, to translate each dimension
to a corresponding physical value. For instance, an image that is 1000 pixels
wide could be calibrated so that each pixel corresponded to 3 nm (scale) and the
left-most pixel could represent 42 nm (negative offset). The right-most pixel
would then represent 3042 nm.

In addition to the two numbers, offset and scale, you need to enter the units.
To enter or see an image’s calibration using Object Info dialog

You can enter or view an image’s calibrations.

1. Select the image on which to view and edit calibrations.

2. Choosémace DispLAY under the OBJECT menu.

3. Selectivace->CaLiBrATION ON the left side of the dialog box.

The Calibration panel will appear in the right side of the dialog box (see
Figure 6-15).
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Figure 6-15 Object Info—Image—Calibration.
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4. Enter the scale, origin, and units for the intensity, if desired.

5. Enter the scale, origin, and units for each of the dimensions.

Typically, the scale and units for each of the dimensions should match each
other on Raster image displays.

6. Click OK.
To disable/enable an image’s calibration in the Target palette

You can enable or disable an image’s calibration. If the calibration is disabled,
all coordinates will be displayed in units of pixels.

1. Find the image for which you want to enable or disable calibration in
the Target palette.

Figure 6-16 Target palette.
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2. Click on the Ruler to disable or enable calibration.

The Ruler will turn to a flat line to indicate no calibration.

You can also enable or disable an image’s calibration by using the Object Info
window.

1. Select the image on which you want to enable or disable calibration.
2. ChoosédmacE DispLAY under the OBJEcT menu.

3. Selectivace->CaLiBrRATION ON the left side of the dialog box.

The Calibration panel will appear in the right side of the dialog box (see
Figure 6-15.

4. Check or uncheck the Display Calibrated Units checkbox at the bot-
tom.

5. Click OK.
To calibrate from a line of interest
You can calibrate an image’s dimensions by using a line of interest.

1. Draw a line of interest on the image you wish to calibrate using the Line
region of interest tool.

2. Select the the line of interest.

Click on it once or until the green handles appear.

3. ChooseCaLiBraTE from the ANALYZE menu.

The Calibration dialog will appear (see Figure 6-17).

4. Choose the units in which to calibrate the image.

You can also enter a custom unit in @veer field.
5. Enter the length of the line in calibrated units.

6. Enter the geometric correction factor between the and vy directions.

This should typically be set to “1.”
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Figure 6-17

Calibration dialog.

Calibration
~Uhnitz
Lirne Lenath: 155.76 pixels &+ pinels
|'|55.?E pinels F ﬁm
Geometnic cormectioh:  ym
[ P
I'l-':“:' ™ 1/mm
Pisel Size . f'f: 1m
Pixel Size: 1= 1 pixels -
pirels
Eancell

7. Click OK.
The image will now be calibrated according to the information you entered.
To calibrate automatically

Some acquisition plug-ins will automatically calibrate the image when you
acquire an image. Follow the instructions for the particular acquisition plug-in
in order to calibrate automatically.

To add a scale marker to a Raster or RGB image

DigitalMicrograph can draw a scale marker on any calibrated image that is dis-
played as a Raster or RGB display type.

1. Select the image to which you want to add the scale marker.

2. ChooseADpp ScaLE MARKER from the Ebit menu.

The scale marker will appear on the image (see Figure 6-18).
To resize a scale marker on a Raster or RGB image
The scale marker can be resized as desired.
» Click on the scale marker and drag by the handles to resize.
To move a scale marker on a Raster or RGB image
The scale marker can be moved as desired.

» Click on the scale marker and drag it to relocate.
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Figure 6-18 Image with Scale Marker.
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6.5 Using Histograms

DigitalMicrograph can automatically calculate the histograms of images with
Raster, Surface Model, or Surface Plot displays.

A histogram based on the displayed image is shown in the Histogram palette. A
more detailed histogram can be generated and displayed in a line plot image dis-
play. The histogram will automatically regenerate when its source image
changes.

To get a detailed histogram of an image
You can get a detailed histogram of the image in which you are interested.

1. Select the image from which you are interested in calculating a histo-
gram.

If the image has a single rectangular region of interest, the histogram will be
calculated for the area within that rectangle only.
2. ChooseHistocram under the ANALYZE menu.

To select additional options, hold down thrgioN KEY UNDER THE MACOS OR
THE ALT key under Windows while choosing the menu item. The Histogram
Options dialog will appear (see Figure 6-19).

Enter the desired number of channels to be used in the histogram calculation.
The more channels, the slower the calculation will be.
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Figure 6-19 Histogram options.
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A new image displayed as a Line Plot and representing the histogram will be
displayed. The Histogram will continue to update whenever the source changes.

Figure 6-20 Histogram.
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6.6 Using the Slice Tool

Some applications, such as Spectrum Imaging, require the use of a three-dimen-
sional image, rather than the standard two-dimensional image. DigitalMicro-
graph gives you a control to choose which layer (slice) of the three-dimensional
dataset to display as the image.

To change the slice of the data

1. SelectLice under the Winbow menu.
This will open the Slice floating window (see Figure 6-21).

1. Select the three-dimensional image for which you want to change the
slice.

The Slice window will be disabled if the data is not three dimensional.

2. Drag the top slider to adjust the slices displayed.

3. Drag the bottom slider to adjust the number of slices to be integrated
and displayed simultaneously.
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Figure 6-21 Slice window.
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4. Check the Display Center check box to show all coordinates in center
coordinates.

Figure 6-22 Slice tool displayed in center units.
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6.7 The Progress and Acquisition Palettes

Two additional palettes display information during lengthy operations and dur-
ing acquisition.

TheProcRrEss palette displays information about a lengthy operation such as
particle analysis.

Figure 6-23 Progress palette.
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TheAcquisiTion Status palette gives information about acquisition such as the
camera selected and the exposure time.

Figure 6-24 Acquisition Status palette.
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DigitalMicrograph supports many types of image processing. This chapter cov-
ers the basic types of image processing, including changing data types, image

transformations, filtering, and convolutions. There are separate chapters cover-
ing Fourier Processing and Particle Analysis.

7.1 Changing Data Types

Each image is stored as a set of numbers arranged into rows and columns. Each
number is stored in memory in a specific format called the data type. You can
change the data type by which each image is stored. Data types may be nar-
rower (able to store fewer numbers) or wider (able to store more numbers).
Additionally, they may be an entirely different format (i.e., complex vs. RGB

vs. real).

To change an image’s data type
You can change an image’s data type.

1. If you are viewing the image document in page mode, select the image
of which you want to change the data type.

2. ChooseCHANGE DATA TYPE under the Ebir menu.

A dialog will appear allowing you to select the new data type.
See Figure 7-1.

3. Select the new data type in the pop-up menu.

You can choOSBINARY, INTEGER, REAL, COMPLEX, Or RGB.
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Figure 7-1 Change Data Type dialog.
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4. Select options for the new data type.

TheInTEGER data type will allow you to select signed or unsigned data.

TheINTEGER, REAL, andCompLEX data types will allow you to select the num-
ber of bytes used for the data.

DigitalMicrograph displays the range, smallest value, and other information
about the data type in the dialog also.

5. Click OK.
The data type of the image will change.

To convert to one-byte unsigned data

When you convert any data type to one-byte unsigned integer data, DigitalMi-
crograph will ask you whether you want to clip or scale the data.

When the data is clipped, all values above 255 will be set to 255 and all values
below O will be set to 0.

When the data is scaled, DigitalMicrograph will map the maximum value in the
original image to 255, the minimum value in the original image to 0, and values
in between linearly to the range of 0 to 255.

1. Follow the steps to change an images data type.

See “To change an image’s data type” on page 1.

2. Select integer, one byte, unsigned data.
A dialog asking whether to scale or clip will appear after you click OK.

See Figure 7-2.
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Figure 7-2 Convert Data Type dialog.
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3. Select the desired conversion method.

4. Click OK.
The data type will be changed as specified.

To convert from complex data

When you convert from complex to another data type, DigitalMicrograph will
ask you how to convert the data. You have the choice of using the real, imagi-
nary, modulus, log of modulus, or phase of the complex data.

1. Follow the steps to change an image’s data type.

See “To change an image’s data type” on page 1. Your original data should
be complex.

2. Select new data type.

A dialog asking you for the complex conversion method will appear after
you click OK.

Figure 7-3 Complex Conversion Method dialog.
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3. Select the desired conversion method.

4. Click OK.
The data type will be changed as specified.
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To convert to RGB data

When you convert from any data type to RGB, DigitalMicrograph will scale the
data so that it fits into RGB data range of 0 to 255. The resulting image will
have the red, green, and blue components of the RGB image at equal values.

To convert from RGB data

When you convert from RGB to another data type, DigitalMicrograph will ask
you how to convert the data. You have the choice of using the red, green, blue,
or brightness value of the RGB data.

1. Follow the steps to change an images data type.
See “To change an image’s data type” on page 1. Your original data should
be RGB.

2. Select new data type.

A dialog asking you for the RGB conversion method will appear after you
click OK.

Figure 7-4 RGB Conversion Method dialog.
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3. Select the desired conversion method.

4. Click OK.
The data type will be changed as specified.

To build an RGB image from three images

You can construct a new RGB image based on three source images representing
the red, green, and blue components. The three source images must have data in
the range of 0 to 255. If your sources images are not in that range, convert them
to Integer, one-byte, unsigned data first and use the Scale option (see “To con-
vert to one-byte unsigned data” on page 2).

1. ChooseConsTrRuCT RGB IMAGE under the Ebit menu.

A dialog will appear asking for the three source images (see Figure 7-5).
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Figure 7-5

Construct RGB Image dialog.
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2.

Select the three images to use as the red, green, and blue components.

The sources images must all be the same size and must be open. Each one
should have data in the range of 0 to 255. Data outside that range will be
clipped.

You can select the same image for more than one component of the RGB
image.

Click OK.
A new RGB image will be created using the three selected source images.

7.2 Using Basic Image Transformations

Basic image transformations include flipping, rotating, scaling, and resampling
an image. These transformations are covered in this section.

To flip an image

You can flip an image horizontally or vertically.

1.

If you are viewing the image document in page mode, select the image
you want to flip.

ChooserLip HorizonTALOr FLIP VERTICAL from the Ebir menu.
The image will be flipped in the direction you specified.

To rotate an image by 90°

You can rotate an image by 90° in either direction (right or left).

1.

If you are viewing the image document in page mode, select the image
you want to rotate by 90°.

2. ChooseRoTATE RIGHT Or ROTATE LEFT from the Epbir menu.
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The image will be rotated in the direction you specified.

To rotate an image by an arbitrary angle

You can rotate an image by an arbitrary angle. The resulting image will be
larger than the original image. The areas in the resulting image that map to loca-
tions outside of the original source image will be set to zero.

1. If you are viewing the image document in page mode, select the image
you want to rotate by an arbitrary angle.

2. ChooseRoTATE under the PROCESS menul.

A dialog will appear asking for the angle of rotation and the direction of
rotation.

Figure 7-6 Rotate dialog.
Rotate
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3. Enter the angle and direction of rotation.
4. Click OK.
The image will be rotated as you specified.
To scale an image
You can scale an image to a different size. Scaling involves resampling the data.
You can resample the data in different ways.
1. If you are viewing the image document in page mode, select the image
you want to scale.
2. ChoosescaLe under the PRocESs menu.
A dialog will appear asking for the new image size and resampling method.
The bottom of the dialog will display the memory requirements for the new
image.
See Figure 7-7.
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Figure 7-7

Scale Image dialog.
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3. Choose whether you want to constrain the proportions.

If you constrain proportions, the new image will have the same proportions
as the source image.

Choose whether to specify each dimension by pixels or by percentage of
source image dimension.

Figure 7-8

Dimension Unit submenu.

5. Enter the new dimensions.

If the proportions are constrained, you only need to enter one of the dimen-
sions (the other will be calculated for you).

Select the resampling method, either Bilinear or Nearest Neighbor.

You can choose Bilinear so that pixels in the new image that map in
between pixels in the source image will be found by bilinear interpolation of
the four-pixels units around the pixel in the source image.

You can choose Nearest Neighbor so that pixels in the new image that map
in between pixels in the source image will be found by taking the nearest
pixel to a pixel in the source image.

Figure 7-9

Resample Method submenu.

Bilinear

Mearezt Meighbor

7. Click OK.

A new image will be created as specified.
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7.3

To re-bin an image by a factor of two

You can perform a re-binning of the image to reduce its size by two. This
involves summing up four pixels to make a single pixel for each four pixels in
the source image.

1. If you are viewing the image document in page mode, select the image
you want to re-bin by two.

2. ChooseRe-BIN BY Two under the PROCESS menul.

The images will be re-binned.

The size of the image will be one half of what it was before. The display will
remain the same size. This operation automatically increases the zoom factor on
RasTER andRGB image displays by two.

Using Filtering

DigitalMicrograph supplies several types of image filters. Image filters are
divided into two major categories: spatial and non-linear.

About Spatial Filters

Spatial filters primarily create a new image based on a linear combination of
pixels in the same general neighborhood in the original image. A convolution is
a spatial filter. DigitalMicrograph includes several convolutions in the spatial
filter menu. For general convolutions, see “Using Convolutions” on page 12.

Figure 7-10 Spatial filter submenu.
Correolutiar...
Sharpen
Srnooth
Laplacian
Sobel
About Non-linear Filters
Non-linear filters create a new image based on non-linear algorithm applied to
pixels in the same general neighborhood in the original image. A non-linear fil-
ter is the minimum filter, which takes the pixel with the minimum intensity in a
neighborhood in the source image.
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Figure 7-11 Non-linear filter submenu.
tedian Filter...
Finirnuimmn
I awirnum

Range
Midpoint

To apply a sharpening filter

Sharpen is used primarily to increase the brightness at edges and boundaries.
The SHArPEN filter is a convolution with the following kernel:

Figure 7-12 Sharpen kernel.

| |
B ]
| S |

1. If you are viewing the image document in page mode, select the image
you want to sharpen.

2. ChoosesHARPEN from the SpaTIAL FILTER submenu under thePrRocEss
menu.

A new image will be created that is the sharpen-filtered image of the origi-
nal.

To apply a smoothing filter

Smoothing is used primarily to reduce visible noise. dwTH filter is a con-
volution with the following kernel:

Figure 7-13 Smooth Kernel.
I | X
[
I | X

1. If you are viewing the image document in page mode, select the image
you want to smooth.

2. ChoosesmooTH from the SpaTIAL FILTER submenu under theProcess menu.

A new image will be created that is the smooth-filtered image of the origi-
nal.
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To apply a Laplacian filter

The Laplacian is used for more advanced edge findingLAPbhezian filter is a
convolution with the following kernel:

Figure 7-14

Laplacian kernel.

| |
B ]
| S |

1. If you are viewing the image document in page mode, select the image
for which you want to enhance the edges.

2. ChooseLaprLaciaN from the SPATIAL FILTER Submenu under theProcess
menu.

A new image will be created that is the Laplacian-filtered image of the orig-
inal.

To apply a Sobel filter

TheSoseL filter is a gradient operator used for edge and direction finding. The
SoseL filter is a convolution with the following kernels:

Figure 7-15

Sobel kernels.

[ o Il [ Jlz J[+ |

2 o Jl= | [0 Jlo |[a |

[ o Jl= |

Both kernels are applied to the source image and the resulting two images are

combined by taking the square of each, adding them together, and then taking
the square root of the result

-t = o]

1. If you are viewing the image document in page mode, select the image
for which you want to enhance the edges.

2. ChoosesSoseL from the SpaTiAL FILTER submenu under thePrRocess menu.

A new image will be created that is the Sobel-filtered image of the original.
To apply a Median filter

The Median filter provides a more advanced form of smoothing an image. It is
useful in flattening an image. The Median filter is a non-linear filter.

7-10
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A median filter cycles through an image and looks at a small neighborhood of
pixels to find the median value of the neighborhood. The resulting image is the
median value of each neighborhood for each pixel in the source image.

You can specify the size and shape of the neighborhood used in calculation of
the medians.

1. If you are viewing the image document in page mode, select the image
on which you want to perform median filtering.

2. ChooseMepiaN FILTER from the NoN-LINEAR FILTER submenu under thePro-
CESS menu.

A dialog will appear asking for the size and shape of the median-filtering

window.
Figure 7-16 Median Filter dialog.
Median Filter [ x|

The walue at the window center will be

replaced by the median of the window,
[Median Shape

— 1+ N

Window Size in Pixels: |3 "I
Cancel |

3. Select the desired neighborhood window shape.

The shape can be either a horizontal line, vertical line, cross, or entire neigh-
borhood.
4. Select the desired neighborhood size.

The larger the size, the slower the operation.

5. Click OK.

A median-filtered image will appear.

To apply a rank filter

DigitalMicrograph provides four rank filters. Like the Median filter, the rank
filters are non-linear filters. They take the pixels in a small neighborhood, rank
them from smallest to largest, and filter out all but either the minimum, maxi-
mum, difference between the minimum and maximum (range), or the average of
the minimum and maximum (midpoint).
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The rank filters are useful for flattening backgrounds in images containing parti-
cles.

1. If you are viewing the image document in page mode, select the image
to which you want to apply a rank filter.

2. Choose the desired rank filter from theNon-LINEAR FILTER submenu under
the PRocESS menu.

You can choose Minimum, Maximum, Range, or Midpoint. See Figure 7-
11.

The rank-filtered image will appear.

7.4 Using Convolutions

Spatial convolution is an operation in which each pixel in an image is replaced
with a weighted sum of its surrounding pixels. The array of weights for each of
the surrounding pixels is callekarnel The square root of the number of sur-
rounding pixels used is called the size of the kernel.

DigitalMicrograph provides a number of built-in kernels that you can use when
processing images. You can also add your own kernels.

To perform a convolution on an image
You can perform a convolution on any image.

1. If you are viewing the image document in page mode, select the image
on which to perform the convolution.

2. ChooseConvoLuTion from the SpaTIAL FILTERS Submenu under thePRocESS
menu.

A dialog asking you for the convolution kernel will appear. See Figure 7-18.

3. Select a kernel and variation from the menus.

DigitalMicrograph provides a number of basic kernel types.

Figure 7-17 Kernel types.

E.ij;l.m |.E|
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Figure 7-18 Convolution dialog.
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4. Modify the kernel by entering values in the edit fields.

5. Click OK.

You can skip this step if the existing kernel is satisfactory.

A new image with the kernel applied to the selected image will appear.

To add a custom kernel

You can add a custom kernel so that it appears in the menus.

1. Select an image.
2. ChooseConvoLuTion from the SpaTiaL FILTERs submenu under theProcess
menu.
3. Enter your desired kernel.
4. Click on the Save As button.
A dialog will appear asking for the type and variation of the kernel.
Figure 7-19 Set Kernel dialog.

Set Kemel Mame

B Counter

Wariant: ISimpIe

Mate: The variant name iz prepended with
the kemel size, i.e. 3x3.

Cancel |
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5. Enter the Type and Variant for the kernel.
TheVariant menu will show all kernels with the same type name,

You do not need to enter the size of the kernel; it will be automatically
added to the menus.

6. Click OK.

The kernel will now appear in the type and variation menus of the convolu-
tion dialog.

To remove a custom kernel
You can remove a custom kernel so that it no longer appears in the menus.
1. Select an image.

2. ChooseConvoLuTion from the SpaTIAL FILTERS submenu under thePrRocEss
menu.

3. Select the Type and Variant of the kernel you want to remove.

4. Click the Remove button.
A dialog confirming your choice will appear.

Figure 7-20 Remove Kernel dialog.
@ Remove 323 "Compasz 3«3 East" kemel?
Eancell
5. Click OK.
The kernel will no longer appear in the type and variation menus in the con-
volution dialog.
To import a kernel
You can import a kernel in a text file into DigitalMicrograph. The kernel in the
text file must have integer numbers arranged into rows of numbers. Each row
should be separated byrerurn and each number should be separated by a
comma Oor &PACE.
1. Select an image.
2. ChooseConvoLuTion from the SpATIAL FILTERs submenu under thePRocEsS
menu.
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3. Click the IvporT button.

4. Select the text file you want to import.

5. Enter the type and variant for the kernel.

The variant menu will show all kernels with the same type name.

You do not need to enter the size of the kernel; it will be automatically
added to the menus.

See Figure 7-19.

6. Click OK.

The kernel will now appear in the type and variation menus in the convolu-
tion dialog.

7.5 Using Simple Math Functions

DigitalMicrograph provides an easy way to perform simple mathematical oper-
ations on images or pairs of images.

To perform a calculation on an image or images
You can easily specify simple math operations involving one or two images.

1. ChoosesivpLE MATH under the PROCESS menu.

A dialog will appear asking you to specify the simple math operation.

Figure 7-21 Simple Math dialog.
Simple Math
~Operation
* a+hb ©1/a  Mé[ab)
la-b o a=h O MIMah]
" axhb  osgbta O MOT a
 alh Ina i~ alRb
-3 C expa asMDb
~a
[ Quasicrystal Diff. Pattern 256k ﬂ
b
& Constant Im
" Image |4: untitled]? 256k =]

Cancel |
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2. Select the operation you want to perform.

The operations are mostly self-explanatory. MAX and MIN compute the
maximum and minimum values of the two images. For instance, MAX(a,b)
would replace each pixel in the new image with the maximum pixel from
“a” and “b” at the particular spot in the image.

The operation must involve at least one image. If the operation has a single
image (such as “-a"), you will only need to select a single source image. If
the operation has two images (such as “a+b”), you will need to select a
source image “a” and another source. The second source can be either an
image or a constant number.

3. Select the source image “a.”

4. Select the second image “b,” if required.

If you want to use a constant value for the second image, enter a constant
value.

If you have a second image, select the second image.
5. Click OK.

A new image combining the source images as specified will appear.

All of the Simple Math operations and many others can be easily performed
using the scripting language.
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8 Fourier Processing

Fourier transforms reveal the periodic contents of images. They are useful for
image analysis and filtering. DigitalMicrograph supports a number of different
operations involving Fourier transforms.

8.1 Using Fourier Transforms

About Fast Fourier Transforms

A fast Fourier transform is a special algorithm for quickly calculating a Fourier
transform on a source image having dimensions that are powers of two (i.e. 2, 4,
8, 16, 32, 64, etc.) Armed with this size requirement, Fast Fourier Transforms
(FFTs) are significantly faster than straightforward calculation of the discrete
Fourier transform (DFT).

Using DigitalMicrograph, you can calculate a Fourier transform based on any
image (except RGB images) with the appropriate dimensions. Fourier trans-
forms will also work on regions of interest with appropriate dimensions placed
on an image.

The result of a Fourier transform on a real-valued image is a complex image
that is Hermitian in nature. This means that the image is symmetrical around the
center (with symmetric points being complex conjugates of one another). The
resulting transform represents the source image in frequency space.

The result of a Fourier transform on a complex-valued image is another com-
plex image that is not Hermitian in nature. The resulting transform represents
the source image in frequency space.

You can also perform inverse Fourier transforms, which transform from fre-
quency space to real space. If the source for the inverse Fourier transform is a
special type of data called packed complex data, the result will be a real-valued
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image. If the source image is regular complex, the result will be another com-
plex-valued image.

About Packed Data

DigitalMicrograph supports two types of complex data: packed complex and
full complex.

Because of a Fourier transform’s Hermitian nature, a Fourier transform on real
data produces a complex data image in which every point (x, y) is equal to the

complex conjugate of the point at (-x, “y)When you perform a Fourier trans-
form on a real image, the resulting data is stored as packed complex image data.

Packed complex image data takes up less space in memory because it is
“packed” in a special way so only half of the data is stored. However, packed
data is not as easily managed in memory because special algorithms are needed
to unpack the data.

You can change an image stored as packed complex data to full complex data
(and release some of the restrictions placed on the image) by converting its data
type to complex.

To do a forward Fourier transform
You can do a forward Fourier transform.

1. If you are viewing the image document in page mode, select the source
image of which you want to calculate a Fourier transform.

The source image must have dimensions that are powers of two.

You can also create a region of interest on the source image with appropriate
dimensions by holding down tl@TioN KEY UNDER THE MACOS AND THE ALT key
under Windows while drawing the rectangular region of interest.

2. SelectFFT or Rebucep FFT from the Process menu.
Repucep FFT will first re-bin the image by two (into a temporary image) and
then do the Fourier transform on the reduced image.

If the source image is a real-valued image, the resulting image will be of packed
complex data type.

If the source image is a complex-valued image, the resulting image will be of
regular complex data type.

8-2
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To do an inverse Fourier transform
You can do an inverse Fourier transform.

1. If you are viewing the image document in page mode, select the source
image of which you want to calculate an inverse Fourier transform.

The source image must have dimensions that are powers of two.

If the source image is regular complex, you can create a region of interest on
the source image with appropriate dimensions by holding dowortios

KEY UNDER THE MACOS AND THE ALT key under Windows while drawing the rect-
angular region of interest.

2. SelectFFT from the Process menu.

If the source image is a packed complex image, the resulting image will be real-
valued.

If the source image is a regular complex image, the resulting image will be com-
plex-valued.

About Auto-Correlation

Auto-correlation is useful for quantifying the resolution attained in an image
and for determining the self similarity of an image. DigitalMicrograph performs
auto-correlation of real data in the following way:

1. It performs a Fourier transform of the real image.

2. It multiplies the resulting image by its complex conjugate.

3. It calculates an inverse Fourier transform of the resulting image.
4. It normalizes the resulting image so that its maximum is 1.

Auto-correlation can only be performed on images or selections that have
dimensions that are powers of 2 (i.e., 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, etc.).
The resulting image has floating point data.

To auto-correlate an image
You can calculate an auto-correlation of an image.

1. Click on your image.

The source image must have dimensions that are powers of two.

2. SelectAuto CorreLATION from the PrRocEss menu.

The auto-correlated image will appear.
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About Cross-Correlation

Cross-correlation is useful for determining how similar two images are and for
determining how much an image has shifted with respect to another image (in
the case of a time sequence, for instance).

DigitalMicrograph performs cross-correlation in the following way:
1. It performs a Fourier transform on each of the two source images.

2. It multiplies the Fourier transform of the first image by the complex conju-
gate of Fourier transform of the second.

3. It calculates the inverse Fourier of the resulting image.

A cross-correlation with the same input images is equivalent to an auto-correla-
tion.

To cross correlate two images
You can do a cross-correlation of two images.

1. SelecitCross CorRELATION from the PRoCESS menul.

A dialog will appear asking for the two input images.

Figure 8-1 Cross-Correlate dialog.
Crozs-Comelate E2
Image 1: [4): urtitled 23Tk
Image 2 [H: untied 256k
Eancell
The source images must have dimensions that are powers of two and must
be the same size.
2. Click OK.
A new image will appear that is the cross-correlation of the two source
images.
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To cross correlate different areas of the same image
You can cross correlate two different parts of the same image.
1. Create a region of interest on the image.

2. Copy and paste the image within the region of interest to a new image.

Do this by choosingory under theeoir menu and then choosiRgsTe
under theepir menu while holding down th@pTioN KEY UNDER THE MACOS AND
THE ALT key under Windows.

3. Create another region of interest on the first image.

4. Cross correlate the new image with the region of interest on the original
image.

Follow the steps for cross-correlation. See “To cross correlate two images”
on page 4.

To attach a live Fourier transform to an acquisition image

During acquisition, you may want to perform a Fourier transform or a reduced-
size Fourier transform on each acquired image. You can do this by setting up a
“live” operation. A “live” image is linked to another image and whenever the
source image changes, the “live” image is updated.

DigitalMicrograph allows you to set up “live” Fourier transforms or “live”
reduced-size Fourier transforms during acquisition.

1. Start acquiring an image.

2. ChooserFT or Repuceb FFT from the Live submenu under theProcess
menul.

A live FFT will be set up and recalculated whenever the acquired image’s data
is changed.

8.2 Using Fourier Masking

Fourier masking can remove unwanted noise or enhance periodic elements of an
image. The masking is done in frequency space.

About Masking

The typical sequence for using masking is to perform a Fourier transform on a
real-space image, mask off the desired frequencies in frequency space, and
finally perform an inverse Fourier transform on the masked image.
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The mask is created using the Masking tools. Applying them in different
sequences can serve to combine or exclude different frequencies present in the
image.

DigitalMicrograph provides four types of masks for use on frequency space
images: Twin Oval, Band Pass, Periodic, and annular Wedge. See Figure 8-2.

All masks are symmetric about the origin, which is determined by the calibra-
tion of the image. An image created by an FFT operation is calibrated so the ori-
gin is at the center of the image. Images created by other means might not have
appropriate origins set, so you must set them manually (see “Using Calibra-
tions” in Chapter 6).

Figure 8-2 Masking Tools.
I |
= Mazking Tools
HEEIR
Wedge tool
Periodic tool
Band Pass tool
Twin Oval tool
To add a Twin Oval mask
TheTwin OvaL mask puts a symmetric pair of oval masks upon the image. The
position of the masks can be changed by clicking on the mask and dragging
(moving one also moves the other one since the Fourier transform must remain
symmetric). The masks can be sized and shaped using the selection handles pro-
vided.
1. If you are viewing the image document in page mode, select the image
to which you want to add a Twin Oval mask.
2. Click on the image with the Twin Oval mask tool.
Two symmetrically positioned oval masks will appear where you clicked
(see Figure 8-3).
Changing one of the masks will symmetrically change the other one also.
3. Adjust the position of the twin ovals.
4. Adjust the shape of the twin ovals.
Hold down thesHirt key to force them to be circles rather than ovals.
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Figure 8-3 Twin Oval Mask on image.
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To add a Band Pass mask

TheBanD Pass mask puts a pair of circular rings upon the image. The area
between the rings is the mask. The two rings are always centered around the
center of the Fourier transform, but the radius of each of the rings can be
changed by dragging their selection handles.

1. If you are viewing the image document in page mode, select the image
to which you want to add a Band Pass mask.

Figure 8-4 Band Pass Mask on image.

i H: untitled
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2. Click on the image with the Band Pass mask tool.

A Band Pass mask will appear at the center of the image (see Figure 8-4).
3. Adjust the position of the two band-pass frequencies.
To add a Periodic mask

ThePeriobic mask adds a mask suitable for filtering periodic images. The array

is formed from two basis vectors with their origins at the center of the Fourier
transform. The ends of these vectors can be moved around by dragging the han-
dles. Also, the radius and shape of each of the ovals can be changed by dragging
the handles of the oval in the center.

1. If you are viewing the image document in page mode, select the image
to which you want to add a Periodic mask.

2. Click on the image with the Periodic mask tool.
A Periodic mask will appear at the center of the image.

Figure 8-5

Periodic Mask on image.

ntitled

3. Adjust the position of the two vectors.
4. Adjust the size of the mask oval.
To adjust a Periodic mask

You can tell DigitalMicrograph to treat each vector as more than one unit vec-
tor.

1. Select the Period mask for which you want to change.

8-8
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2. ChooseosJecT INFO under the OBJECT menu.

3. SelectPeriopic ARRAY->0PTIONS ON the left side of the dialog box.

The Options panel will appear in the right side of the dialog box.

Figure 8-6 Object Info—Periodic Array—Options.
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Cancel |

4. Enter the desired number of reciprocal lattice units each vector repre-
sents.

5. Click OK.

Figure 8-7 Periodic Mask representing multiple units.
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Each vector in the Periodic mask will represent multiple units now.
To add a Wedge mask

TheWepce mask puts an annular wedge on the image. The wedge is formed by
two lines going through the origin of the Fourier transform. You can adjust the
directions of these lines by adjusting either of the arrows.

1. If you are viewing the image document in page mode, select the image
to which you want to add an annular Wedge mask.

2. Click on the image with the Wedge mask tool.

A Wedge mask will appear at the center of the image.

Figure 8-8

Wedge Mask on image.

i H: untitled

3. Adjust the position of the two wedge border directions.
To apply a mask to a Fourier image

After you have prepared the masks on your image, you need to “apply” the
mask to your image.

1. Click on the masked image and selegbrLy Mask from the PROCESS
menu.
A dialog will appear asking for parameters of the mask application (see
Figure 8-9).

2. Enter the number of pixels by which to smooth the edge of the mask.

The edges of the mask are smoothed by a Gaussian function. The number
entered in the dialog box is the half-width of the Gaussian used.

8-10
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Figure 8-9 Apply Filter Options dialog.
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3. Check the Opaque checkbox as desired.

You can enable or disable tbenque edit box to give you a choice of treating
the mask on the image either as the part of the data that is saved (not opaque)
or the part of the data that is set to zero (opaque). See Figure 8-9.

2. Click OK.

DigitalMicrograph will apply the mask on the complex image and create a new
image.

To create a union of masks

You can prepare two different masks on the same image by first preparing one
and then adding another onto the same image so you will have masked areas
that are the “union” of the two masks.

Figure 8-10 Image with union of two masks.
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To create an intersection of masks
You can prepare an intersection of two masks on the same image.
1. Add the first mask to the image.

2. Apply the mask to the image.

A new masked image will be created.
3. Add the second mask to the masked image.
4. Apply the mask to the masked image.

A new image will be created that is the intersection of the two masks.

Figure 8-11 Image with the intersection of two masks.
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9 Particle Analysis

DigitalMicrograph provides many features for particle analysis. The basic steps
for analyzing particles are to prepare the source image for particle analysis,
threshold the source image, find the particles, and finally analyze the particles.

9.1 Image Preparation

Image preparation attempts to distinguish the particles from nonparticle por-
tions of the image (such as the background of the image). This step is the pre-
cursor to thresholding the image.

To prepare an image for thresholding

Typically, you will want to make sure that the particles are easily distinguish-
able using a histogram. In order to do this, you may want to attempt to flatten
the background of the image. Notice in Figure 9-1 that the background goes
lighter to darker from left to right on the image. After background removal (see
Figure 9-3), the background is consistently dark throughout the entire image.

To flatten the background with filters

To flatten the background, you can use one of the rank filters or a median filter.
The rank filters include the Minimum, Maximum, Range, and Midpoint filters.
Then subtract the resulting background from the original image.

1. If you are viewing the image document in page mode, select the image
of which you want to flatten the background.

2. Apply an appropriate filter to generate a background image. See
Figure 9-2.
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Figure 9-1 Rice image.

Figure 9-2 Rice background image.
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The Minimum filter can be used when the background is darker than the parti-
cles.

The Maximum filter can be used when the background is lighter than the parti-
cles.

3. Use simple math to subtract the background from the original image.

You will now have an image with the background flattened. See Figure 9-3.
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Figure 9-3 Rice image flattened.

9.2 Thresholding

The process of separating the particles from the rest of the image is called
thresholding. In order for thresholding to be effective, you must start with an
image in which the particles are easily distinguishable in the histogram. Ideally,
a histogram of an image containing particles will contain two major peaks: one
for the background, and one for the particles. In practice, the peaks may not be
clearly distinguished.

Figure 9-4 Histogram of Rice image.
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To threshold an image
You can threshold an image using a histogram.

1. If you are viewing the image document in page mode, select the image
you want to threshold.

2. ChOOSESTART THRESHOLD under the PARTICLES menu.
A line plot with the histogram will appear.
You can stop thresholding by choos#mgp THREsHOLD under thePARTICLES
menu.

3. Use thePoinTer tool to make a selection on the histogram.

The area on the source image corresponding to the selected area on the his-
togram will be highlighted in green.

Figure 9-5 Rice image with threshold.
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4. Change the selection as desired.

The source image mask will change when you change the selection on the
histogram.

To use the Magic Wand tool

You can also have DigitalMicrograph automatically threshold an image by
using the Magic Wand tool.

1. If you are viewing the image document in page mode, select the image
you want to threshold.

2. Click on a particle using the Magic Wand tool.
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Figure 9-6

9.3

Magic Wand tool.

i Standard Tools

A I A S

O] B Magic Wand tool

DigitalMicrograph will find particles with similar intensity values to the particle
you clicked on. DigitalMicrograph will normally select a range of intensity val-
ues between the lowest intensity in the image and intensities similar to where
you clicked.

To reverse this and select a range from intensities similar to where you clicked
and the highest intensity in the image, hold dowrDthen Key UNDER THE MACOS
AND THE ALT key under Windows while clicking on the image.

To remove patrticles touching the edge
You can remove any particles that touch the edge of the image.
1. Threshold an image of interest. See “To threshold an image” on page 4.

2. ChooseRemMovE EDGE PARTICLES under the PARTICLES menul.

Particles touching the edge of the image will be removed.
To fill holes in the mask
You can fill any holes in the mask.
1. Threshold an image of interest. See “To threshold an image” on page 4.

2. ChooseriLL HoLEs under the PARTICLES menu.

Particles with holes will be filled in.

Finding Particles

Once you have a threshold defined for the image, you can have DigitalMicro-
graph find the individual particles for you.

Once you find the particles, you can analyze all of them or certain particles indi-
vidually. Each particle mask can be selected or deselected. Analysis works on
the selected particles. You can delete, cut, copy, and paste selected particles.
Hold down thesHiFT key while clicking on a particle to deselect an individual
particle.

DigitalMicrograph 3.4 User’s Guide 9-5



Finding Particles

To find particles according to threshold
You can find particles once an image has been thresholded.

1. Threshold the image on which you want to find particles. See “To
threshold an image” on page 4.

2. ChooserinD PARTICLES under the PARTICLES menul.

The individual particles will be shown in red and outlined in yellow.

Figure 9-7 Rice image with particles.
|4 B: Rice.levelled
To fill holes in particles
You can fill any holes in particles.
1. Select the particles in which you want to fill holes.
2. ChooseriLL HoLes under the ParTICLES menu.
Particles with holes will be filled in.
To do morphological operations on particles
You can perform standard morphological operations on particles.
1. Select the particles on which you want to perform a morphological
operation.
2. ChooseERoDE, DILATE, OPEN, Or CLOSE from the PARTICLES menu.
The morphological transformation will be applied to the selected particles.
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To do particle outlining
You can outline particles.
1. Select the particles you want to outline.

2. Choose0uTLINE from the PARTICLES menu.

The selected particles will be outlined.
To do particle skeletonization
You can skeletonize particles.
1. Select the particles you want to skeletonize.

2. ChooseskeLETONIZE from the PARTICLES menul.

The selected particles will be skeletonized.
To use a region of interest as a particle
You can create any region of interest and treat it as a patrticle.

1. Create aregion of interest.

You can use the Rectangular region of interest tool, the Line of interest tool,
the Closed Loop region of interest tool, or the Open Loop region of interest
tool.

2. Choo0SeCoNVERT TO PARTICLE MASK from the PARTICLES menu.

The region of interest will now appear as a particle.

9.4 Analyzing Particles

Once the particles are defined and found, you can analyze the particles. Analyz-
ing the patrticles consists of making measurements on the particles such as area,
perimeter, dimensions, etc.

About Particle Measurements

DigitalMicrograph provides automatic measurement of numerous particle
attributes. You can decide what measurements to make via the Configure Parti-
cle dialog. The measurements are placed in a separate image with the spread-
sheet image display type. A number representing the patrticle is attached and
shown on each particle.
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To set what measurements to make
You can select which measurements you want to make.

1. ChooseConFIGURE under the PARTICLES menul.

A dialog will appear asking you to select which measurements to make.

Figure 9-8 Configure Particles dialog.
Configure Particles
* Area “
Fillzdérea
Corvesdres
* Perimeter ﬂl
E wtPerimeter
CorvesHenmeter M
Lenath
Breadth LI
The penimeter of the conves verzion of
the particle.
Eancell
2. Click the ALL button to measure all attributes.
3. Click the None button to clear all measurements.
4. Click on a measurement once to get a description of the measurement.
The Convex Perimeter measurement is explained in Figure 9-8.
5. Click on a measurement twice to turn it on or off.
6. Click OK.
To analyze particles
Once you have found the particles and selected the measurements to make, you
can analyze the particles.
e ChooseANALYZE PARTICLES under the PARTICLES menu.
This may take some time. The progress of the analysis is showrProtress
Palette.
When the analysis is complete, each analyzed particle will be labeled with a
number and a spreadsheet with the measurements will appear. See Figure 9-9
and Figure 9-10.
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Figure 9-9 Rice image with analyzed particles.
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Figure 9-10 Measurements on Rice image.
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10Scripting

DigitalMicrograph includes a powerful scripting language, DigitalMicrograph
Script Language (DMS), which provides an alternate, programmable, and often
more extensive mode of access to the features within DigitalMicrograph. It is a
complete, platform independent, software development environment for
microscopy applications. DMS provides means for you to automate, streamline,
and customize procedures that are performed repeatedly or are too time con-
suming to perform manually. A brief description of DMS is given in this chap-
ter. Refer to th®igitalMicrograph Script Language Guider a more detailed
discussion.

10.1 Using Scripts

The script language built into DigitalMicrograph in similar to “C” in many
respects. You should be familiar with the basic concepts of programming and
“C” before you read this chapter.

A script window is a text document window. You can edit, save, and print the
scripts you create in it. You can edit scripts directly in DigitalMicrograph or you
can use any text editing application to edit them.

You can also install scripts you have written in menus and as libraries available
to other scripts that you write.

To open a script window
You can open a new script window.
* ChooseNew ScripT from the FiLe menu.

A script will appear. It will look similar to the results window. Under the
MacOS it will include a status line in the bottom left corner of the window indi-
cating the line number that the cursor is on.

DigitalMicrograph 3.4 User’s Guide 10-1



Using Scripts

Figure 10-1 Script window.
[ ————7r——=intitledl === [0 B
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img = —-img
Line: & |1 |ﬂ| [»|@E
To run a script
You can run a script in the front-most script window.
e Under the MacOS, press thé&nTer key while the script window is
selected.
e Under Windows, typeConTroL-ENTER While the script window is selected.
The script will run. Any errors will be displayed in a dialog box.
To install a script window as a menu item
You can install a script in the selected script window in a menu item. Whenever
the user chooses the menu item, the script will be run.
1. Make the desired script window the active window by clicking on its
title bar.
2. ChooseénsTALL ScripT under the FILE menu.
A dialog asking you to enter the menu information for this script will
appear. See Figure 10-2.
3. Click on the Menu Command tab.
4. Enter the Command name as you want it to appear in the menu.
5. Enter the menu you want the script to appear in.
6. Enter the submenu you want the script to appear in.
The submenu can be blank.
7. Click OK.
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Figure 10-2 Install script as a menu.
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The script will be copied and stored with DigitalMicrograph. The original script
window is no longer used by DigitalMicrograph. If you want to make changes
to a script installed in a menu, you must either remove it or install a new script
in place of it.

To install a script window as a library

You can install a script window as a library. Any functions defined in your
script will be available to other scripts running in DigitalMicrograph.

1. Make the desired script window the active window by clicking on its
title bar.

2. ChoosénsTALL ScripT under the FIiLE menu.

A dialog asking you to enter the menu information for this script will
appear.

3. Click on the Library tab.

Figure 10-3 Install script as a library.

Install Script E3
tdenu Command | Library I

MHame of libran? |cleanlmage

4. Enter the name by which the library would be referred.

5. Click OK.
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The script will be copied and stored with DigitalMicrograph. The original script
window is no longer used by DigitalMicrograph. If you want to make changes
to a script installed in a library, you must either remove it or install a new script
in place of it.

To install a script file

If you have saved a script window to a text file, or written a script using another
text editing application, you can install the script file in the menus or as a
library.

« Install a script from a file by choosingInsTALL ScripT FILE under the FiLE
menu.

The procedure is the same as for installing a script from a script window.
To remove a script library or menu item
You can remove scripts that you have installed as libraries or in the menus.

1. ChooseremovE PLuG-IN from the FiLE menu.
A dialog asking you to select which scripts to remove will appear. See
Figure 10-4.

2. Select the scripts you want to remove from the menus or from being a
library.
You can select multiple scripts ByirT-clicking on the scripts.
The scripts are displayed according to the name by which they appear in the
menu.

3. Click REMOVE.

Figure 10-4

Remove Script dialog.

Remove Plug-in E

Inwvert Imane

Cancel |
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10.2

Writing Scripts

Scripts can be simple (single line scripts) to very complex (many files with hun-
dreds of lines). Much of DigitalMicrograph itself is written in the script lan-
guage.

This chapter gives a extremely limited introduction to scripts. Refer to the
Advanced Scripting Guider more advanced information on the scripting lan-
guage.

Script example
The simplest script could read:
a=a+bhb

In this script, “a” and “b” refer to images. When you move your mouse over an
image, a letter associated with the image is displayed in the status window. In
Figure 10-5, the image letter is shown as “Image A.”

This letter can be used to refer to the image in scripts. Sometimes, you will want
the script to refer to not just to image “a”, which will be different as images are
created and destroyed, but to the frontmost image.

In Figure 10-1 the script makes use of a script function called “GetFrontlm-
age()”. The front image is assigned to an image variable in the script language.
The front image is then inverted with the short script:

img = -img

Figure 10-5

Image Status showing image letter.

= Image Status
Image A

Type: Real 4

Size: 256 = 256

¥ 7B

Y. 7B
Walue:0.100424
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3D Tools
see Window, palette

A
Acquisition Status palette
see Window, palette
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add 5-12
also see Objects
arrow 5-13
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backgrounds-14
box 5-13
edit via Control palette 5-13
change alignmen5-14
change background-14
change font, siz&-14
change styles-14
line 5-13
edit via Control palette 5-13
oval 5-13
edit via Control palette 5-13
Auto-correlation8-3
Auto-save
see Preferences, auto-save

B
Brightness4-18
change4-18

C
Calibration
see Image, calibration

Color table4-16
change via histogram-17
change via Object Inf@-16
Complex data3-3
change display oft-20
imaginary componens-3
modulus 3-3
packed datas-2
full complex 8-2
packed complex 8-2
real componenB-3
Contours4-19
Contrast4-13
change4-18
minimum value4-14
set manually4-13
Contrast transformation
change4-15
custom4-15
equalizeds4-14
line 4-17
edit 4-17
linear 4-14
pseudo-contoun-15
Contrast transformation methodsi4
Control palette
see Window, palette
Convolution
add a custom kernel-13
also see Filter, spatial
import a kernel7-14
kernel 7-12
perform 7-12
remove a custom kern&t14
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Cross-correlatiors-4
of same images-5
of two imagess-4

D
Data bar
see Global Info, data bar
Data type
also see Image, data type
change7-1
clip 7-2
convert from complexz-3
convert from RGB7-4
convert to 1-byte unsigned-2
convert to RGB7-4
scale7-2
DigitalMicrograph 2-1
exit 2-11
Packagesl-4
plug-ins 1-4
start-up 2-3
Workplace 2-1

F
Filter 7-8
non-linear7-8
maximum 7-12
median 7-10
midpoint 7-12
minimum 7-12
range 7-12
spatial 7-8
convolution 7-12
Laplacian 7-10
sharpen 7-9
smooth 7-9
Sobel 7-10
Floating window
see Window, palette
Fourier masking
see Masking
Fourier transforms-1
fast 8-1
forward 8-2
inverse 8-3
live 8-5

G

Gammas4-14
changes-18

Global Info
auto-save2-16
data bar2-15
keywords2-18
page2-17

tags 2-18

H

Histogram4-11
also see Window, palette
horizontal axis4-11
obtain 6-14
vertical axis4-11

|
Image 3-1
calibration 3-3, 6-10
auto 6-13
enter/see via Object Info 6-10
from line of interest 6-12
change placemerg-5
data type3-1
binary 3-1
complex 3-2
integer 3-2
real 3-2
RGB 3-2
description3-6
dimensions3-5
enter information3-5
export 2-9
TIFF 2-9
import 5-16
import problemss-18
information 3-4

also see Object Info, image, info

keywords 3-6
memory usages-2

move within image documerz-7

pixel size 3-5
re-bin by two7-8
set view modes-10
size in bytes3-5
size in pixels3-5
statistics6-9
tag 3-7
transformations

see Image transformations
view mode

image 2-1

page 2-1

Image display4-1

change4-1
color transformatiors-10
create a new image from2
line plot 4-22
raster4-2
RGB 4-1, 4-3
spreadsheet-27
surface modek-5
surface plot4-8
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target5-4
move 5-4
Image documeng-3
acquire2-3

also see Window, image document

change name-6
close 2-11
controls 2-6
create2-3
file format 5-15
objects5-1
open 2-4, 2-5
page5-1
print 2-10
resize 2-5
save2-7, 5-15
save a serieg-10
target5-2
Image Status
see Window, palette
Image transformation
flip 7-5
rotate by 90°7-5
rotate by arbitrary angl@-6
scale7-6
bilinear 7-7
nearest neighbor 7-7
Installation 2-2

K

Keywords
see Global Info, keywords
see Object Info, Image

L
Line plot 4-22
adjust options4-24
adjust region of interest-5
adjust view4-23
pixel position and valug-23
scale4-26
specify region of interess-5
Line Plot Tools
see Window, palette
Line profile 6-7
adjust endpoint$-8
adjust integration widtle-9
create6-7
Line Profile tool 6-7

M

Masking 8-5
apply a masks-10
band pass

add a band pass mask 8-7
create a union of mask&11
create an intersection of masgsi2
Masking Tools

see Window, palette
opaques-11
periodic

add a periodic mask 8-8

adjust a periodic mask 8-8
twin oval

add twin oval mask 8-6
wedge

add a wedge mask 8-10

Math functions7-15
Memory
see Image, memory usage

@)

Object Info 3-4
captions4-4
display 4-6

color 4-16
complex 4-20
contrast 4-13
line plot 4-24
options 4-25, 4-26
placement 5-5
image
calibration 6-11
info 3-5
keywords 3-7
tags 3-8
object 5-11
tags 5-10
edit 5-10

Objects5-1
align 5-8
attach to images-7
change front-to-baclk-6
change via Control palette-6
copy 5-8
cut and clears-9
detach from imag&-7
drag and drofs-9
group 5-7
move 5-4
paste5-8
select5-3
ungroup5-7

P

Page5-1
change magnificatior-6
change orientatior2-6
change size2-6
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Magnify Page toolk-6
measurement uniz-17
Move Page toob-7
move within image documerg-7
Palette
see Window, palette
Particle analysis
analyze particle®-8
fill holes in mask9-5
fill holes in particles9-6
finding particles by threshold-6
image preparatior-1
particle measuremerg-7
particle outlining9-7
particle skeletonizatior®-7
remove touching edge®5
thresholding9-3
use region of interest as particde7
Preference-15
auto-save2-16
page measurementi7
scale marker-15
set 2-15
Progress palette
see Window, palette

R
Raster4-2
add/remove captiong-3
pixel position and valu&-5
Region of interest-1
closed-loop6-3
line 6-2
edit 6-4
open-line 6-4
point 6-3
rectangulars-2
Results window
see Window, text document
RGB 4-21
also see Image, data type
build from 3 imagesr-4
data 3-3
pixel position and valug-22

S
Scale marker
add 6-13

also see Preferences, scale marker

move 6-13
resize6-13
Script 10-1
install as a file10-4
install as a library10-3

install as a menu iterm0-2
open window10-1
remove as a library0-4
remove as a menu itend-4
run 10-2
writing 10-5
Selection Tools
see Window, palette
Spreadsheet-27
edit a pixel4-27
edit a RGB pixel4-27
Statistics
see Image, statistics
Surface modeh-5
3D rendering4-6
adjust 4-6
dynamic shaded 4-7
dynamic size 4-7
static shaded 4-7
static size 4-7
walls on 4-7
change the height-8
move 4-8
rotate 4-7
Surface plot4-8
change the view-9
shading4-9
Survey 4-12
change4-12
contrast limits4-13
cross-wire4-12
none 4-12
reduction4-12
sparses4-12
whole image4-12

T
Tags
see Global Info, tags
see Object Info, image
update in Global Infe3-8
Target
also see Image document, target
set target via Target palet&e10
Target palette
see Window, palette
Text document
see Window, text document

W
Window
image document-4, 2-1
see Image document
palette 2-1
3D Tools 4-7
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Acquisition Status 6-17
close 2-14

Control 5-6
Histogram 4-11
Image Status 3-4
Line Plot Tools 4-26
Masking Tools 8-6
move 2-13

open 2-13
Progress 6-16

roll up/down 2-14
Selection Tools 6-1

Standard Tools 2-6, 5-12, 9-5

Target 5-10
size2-5

text documenti-4
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output from algorithms 2-12

Results window 2-12
scripts 2-12
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