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Chapter 1: Navigating the Workspace

This chapter includes the following topics:

l Tour of theWorkspace

l Creating Shortcuts for RibbonOptions on theQuick Access Toolbar

l Minimizing the Ribbon

Tour of the Workspace
With its integrated Dataset View, theMetaMorph® NX Softwaremakes it easy to navigate
through and compare sets of images, explore relationships between images, dimensions, and
data, and prepare images and data for presentations. The workspace is flexible and can be
arranged in a variety of layouts. You canmove, group, resize, and hide windows.

Twomain areas comprise theMetaMorph NX Software workspace:
l The ribbon across the top, which contains tabs and options for performing tasks

l The Dataset View, which contains images and optionally a filmstrip, the data table, and
one or more graphs that belong to a dataset
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Chapter 1: Navigating theWorkspace

More than one Dataset View can be open at a time, allowing you to compare the images, data table,
and graphs of multiple datasets and different stage positions, Z positions, or time points. The
example below shows two Dataset Views, each displaying a different stage position of the same
dataset:

You can open as many Dataset Views as you need. See Rearranging Dataset Views.

As youmove themouse cursor over an image, information about the image appears below the image
grid. This information includes the intensity values of the pixels for each channel, the X, Y
coordinates, and, if applicable, the stage position number, time point number, and Z step number of
the image. For example:

If the image is a single image (it was acquired at one time point, at one stage position, at one Z
position), then "Single Image" appears below the image grid rather than stage, Z, and time point.
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Home Tab

Acquisition Mode Tab

5011685.B 11



Chapter 1: Navigating theWorkspace

Mode: Multidimensional Tab

Mode: Interactive Tab
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Measure Tab

Graph Tab

TheGraph tab appears only when you add a graph to a Dataset View.
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Script Tab

Hardware Setup Tab

14 5011685.B



MetaMorph® NX Microscopy Automation & Image Analysis Software User Guide

Creating Shortcuts to Options Using the Quick Access
Toolbar
With the Quick Access Toolbar, located above the Home tab, you can quickly create and access
shortcuts to the options on the ribbon that you use frequently. You can add almost any ribbon item to
the toolbar. For example, the toolbar below contains shortcuts to the Live Display, MouseWheel
Control, Export to PowerPoint, and View Mode options:

If an option on the ribbon provides a drop-down list of choices, the list is also available from theQuick
Access Toolbar. In the example above, the down arrows next to theMouseWheel Control and View
Mode options indicate that the list of choices associated with those options is available from the
Quick Access Toolbar.

When you click on the shortcut in the toolbar, theMetaMorph NX Software carries out the option as
though you had selected the option on the ribbon. For example, if you add a shortcut for the Snap
Image option to the toolbar, when you click on the shortcut, theMetaMorph NX Software snaps an
image.

Note:Ribbon items that are specific to an experiment (for example, channels) will not appear
on the toolbar when you open another experiment. Youmay have to re-create shortcuts each
time you open an experiment, depending on the items that are in the toolbar.

This section describes how to:
l Add an item to the toolbar

l Remove an item from the toolbar

l Move the toolbar above or below the ribbon

To add an item to the toolbar

1. On the ribbon, right-click the option or item that you want to add to the toolbar.

2. Select Add to Quick Access Toolbar.

A small icon that represents the ribbon option or item appears in the toolbar.

To remove an item from the toolbar

1. On theQuick Access Toolbar, right-click the shortcut that you want to remove.

2. Select Remove from Quick Access Toolbar.
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To move the toolbar above or below the ribbon

1. Click the down arrow on theQuick Access Toolbar to display its menu options.

2. Select Show Below the Ribbon orShow Above the Ribbon.

Minimizing the Ribbon
To createmore space for a Dataset View, you canminimize (hide) the ribbon so that just the tab
names appear across the top of theMetaMorph NX Software workspace. While the ribbon is
minimized, you can select a tab to display its options and you can navigate between tabs and
options. Then, when you click inside the Dataset View, the ribbon will minimize again.

This section describes how to:
l Minimize the ribbon

l Re-display the ribbon

To minimize the ribbon

1. On theQuick Access Toolbar (located just above theHome tab), click the down arrow to
display its menu options.

2. SelectMinimize the Ribbon.

A check appears next to themenu option.

To re-display the ribbon

1. On theQuick Access Toolbar (located just above theHome tab), click the down arrow to
display its menu options.

2. SelectMinimize the Ribbon.

The check is removed from themenu option and the ribbon appears again.
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Chapter 2: Viewing Images

This chapter includes the following topics:

l Displaying Images in a Dataset

l Rearranging Dataset Views

l Scaling Images

l Zooming in on Images

l Displaying Series Information on Images in the ImageGrid

Arranging and Displaying Images
The Home tab provides many ways to control how images are displayed in the image grid. This
section describes how to:

l Display a specific dataset in the open experiment

l Display images acquired at a specific stage position, Z position, or time point

l Navigate between images in the image grid

l Use the view modes to display and arrangemultiple images in the image grid or display
a single composite image

l Change the display color of a channel

l Turn the display of a channel on or off

For information about scaling channels in an image or zooming in on and out of images, see
Scaling Images or Zooming in on Images.

To display a specific dataset

If the open experiment contains more than one dataset, you can select the dataset that you
want to view in one of two ways:

l On theHome tab, inDataset View, select the dataset.

l In the filmstrip, in theView Mode field, select Dataset and then double-click the
thumbnail image that represents the dataset.

17
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To display images acquired at a stage position, Z position, or
time point

You can display the images in a dataset that were acquired at a specific stage position in one of two
ways:

l On theHome tab, inDataset View, select the stage position.

l In the filmstrip, in theView Mode field, select Stage and then double-click the thumbnail
image that represents the stage position.

To compare images acquired at various stage positions, open another tabbed window (click the +
sign on the extra tab) and select another stage position. You can arrange the tabbed windows in the
workspace so that you can compare images side-by-side. See Rearranging Dataset Views for more
information.

To display images that were acquired at a specific Z position or time point, use the filmstrip view
modes. When you select a filmstrip view mode, the thumbnail images update to represent images in
the dataset according to the option that you selected (time, Z, or stage). For example, if you select "Z"
in the View Mode field in the filmstrip, the thumbnail images that appear in the filmstrip represent the
images acquired at each Z position:

After you select a view mode in the filmstrip, double-click a thumbnail image tomove the images in
the image grid so that the image is in view.

Place themouse cursor anywhere in the filmstrip and use the wheel on your mouse to zoom in to
and out of thumbnail images in the filmstrip. You can also resize the filmstrip by dragging the top of
the filmstrip window. When the filmstrip is larger, you can zoom in further on the thumbnail images in
the filmstrip.

If you close the filmstrip, you can display it again by right-clicking anywhere in the image grid and
selecting Add Filmstrip.
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To navigate between images in the image grid

If a dataset contains images acquired at more than one time point or Z position, scroll horizontally to
navigate through time points and scroll vertically to navigate through Z positions. Earlier time points
are displayed on the left and later time points are displayed on the right. Even if a dataset contains
multiple channels or stage positions, the image grid displays images acquired at time points from left
to right and Z positions from top to bottom (the only case when this is not true is when images are
displayed using theMulti Z view mode, as described in the next section).
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Chapter 2: Viewing Images

To use the view modes to display and arrange multiple images
or display a single image

The view modes on the Home tab provide a quick way to organize the display of images. In the list of
view modes, select amode to change the display of images in the image grid. Youmay want to adjust
the number of columns and rows in the image grid when you change the view mode.

You can click the icon on the top of the View Mode button to view the selectedmode. This button
is particularly useful if you want to alternate between Single View mode and another view mode.

View Mode Description

Single View Displays a single image comprised of one or
more channels. Channels are displayed in a
composite overlay on the image. While in
Single View mode, you can turn the display of
each channel on or off as described in the next
section.

When switching from another view mode, the
Z step and time point of the single image is
determined by themiddle image in the image
grid.

Time vs Z Displays images acquired at successive time
points from left to right, and displays images
acquired at successive Z steps from top to
bottom.

Images acquired earlier are to the left of the
currently displayed image, and images
acquired later are to the right. Scroll left or right
to see images acquired at other time points.

Images acquired at higher Z steps are above
the currently displayed image and images
acquired at lower Z steps are below. Scroll up
or down to see images acquired at other Z
steps.

Time vs Channel Displays images acquired at successive time
points from left to right, and displays a
separate channel in each row.

Images acquired earlier are to the left of the
currently displayed image, and images
acquired later are to the right. Scroll left or right
to see images acquired at other time points.

The number of rows is determined by the
number of channels selected to be displayed
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View Mode Description

(those channels that are not hidden). See the
next section for information about how to turn
on or off the display of each channel.

Channel vs Z Displays a separate channel in each column,
and displays images acquired at successive Z
steps from top to bottom.

The number of columns is determined by the
number of channels selected to be displayed
(those channels that are not hidden). See the
next section for information about how to turn
on or off the display of each channel.

Images acquired at higher Z steps are above
the currently displayed image and images
acquired at lower Z steps are below. Scroll up
or down to see images acquired at other Z
steps.

Multi Time Displays a different time point in each grid
position.

The image acquired earliest is displayed in the
upper left grid position. The image that was
acquired next is displayed in the grid position
just below the first image. The order of images
starts over at the top of the next column.

All of the images displayed in the image grid
were acquired at successive time points at one
Z position. Scroll up or down to see images
acquired at successive time points at other Z
positions.

Of all the view modes, this view shows the
largest range of time.
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View Mode Description

Multi Z Displays a different Z step in each grid
position.

The image acquired at the first Z position is
displayed in the upper left grid position. The
image that was acquired next is displayed in
the grid position to the right of the first image.
The order of images starts over in the next row.

All of the images acquired at the Z positions
displayed in the image grid were acquired at
one time point. Scroll left or right to see the
images acquired at Z positions at other time
points.

Multi Channel Displays a different channel in each grid
position.

All of the images acquired with the channels
displayed in the image grid were acquired at
one time point. Scroll left or right to see images
acquired with these channels at other time
points. Scroll up or down to see images
acquired with these channels at other Z steps.

Note: In a sparse acquisition, images are not necessarily acquired at every possible Z step,
stage position, or time point and they may not be acquired with every channel. For example, to
save time or data storage space, your experiment may use particular channels only
occasionally. In this case, the display "fills in" missing images by duplicating an existing
image from the same channel. The duplicate images appear in the image grid and are included
in all measurements.

The number of columns and rows shown next to the View Mode on the Home tab determines the
number of images that appear in the image grid. The numbers that you specify reflect the number of
images in the viewable area of the image grid; youmay need to scroll to view images that are outside
of the image grid. For example, if the columns are set to "3" and the rows are set to "3" but your
dataset contains more than 9 images, youmust scroll to view all of the images.

Some view modes may not be useful if your dataset does not contain one of the dimensions in the
mode. For example, if your dataset does not contain a Z series, the Time vs Z, Channel vs Z, and the
Multi Z modes are not as useful as the other modes.
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To change the display color of a channel

When viewing images, you can choose the color that represents a specific channel in a dataset. On
the Home tab, in the Channel Display group, the color that represents a specific channel is shown in
the icon for the channel. For example:

To assign a new color to a channel, click the channel and then click the arrow next to the color
currently assigned to the channel and select a new color. For example:

The color changes for display purposes only; theMetaMorph® NX Software does not save the new
color with the image or change any information about the wavelength that was used to acquire the
image.

Note:When you change channel display colors, only the channels in the current (selected)
dataset change colors. The changes do not affect the display of channels in other open
datasets.

5011685.B 23



Chapter 2: Viewing Images

To turn the display of a channel on or off

You can control which channels are displayed in the images in the image grid of the open and
selected dataset. On the Home tab, in the Channel Display group, double-click the name of a channel
to hide the channel or to display it. If the channel is not displayed, the word "Hidden" appears in the
channel icon. For example:

Rearranging Dataset Views
You can arrange Dataset Views side by side, either vertically or horizontally, and you can group
Dataset Views together into a tab group. Each Dataset View can have one data table and one or more
graphs for displayingmeasurements.

Youmay want to put dialog boxes on one side of the Dataset View, images in themiddle, and the
table and graphs on the other side. For example:

24 5011685.B



MetaMorph® NX Microscopy Automation & Image Analysis Software User Guide

Suppose, for example, that you want to compare images taken at the first and last time points of a
lengthy time lapse image acquisition. Rather than scroll back and forth through the dataset, you can
display the same dataset in a second window, scroll to the last time point, and then place the two
windows side by side. For example:

Note:Only one experiment can be open at a time.

This section describes how to:
l Move or group tabbed windows

l Movewindows

l Hide a window

l Auto Hide a dialog box

l Close a tabbed window or close all tabbed windows except the selected one

To move or group tabbed windows

1. Right-click on a tab name and select New Horizontal Tab Group orNew Vertical Tab
Group.

2. Tomove a tabbed window from one group of windows to another group of windows, right-click
a tab name and selectMove to Next Tab Group orMove to Previous Tab Group.

To move windows

The data table and graphs can be docked at the left side, right side, top, or bottom of a Dataset View.
Dialog boxes can be docked anywhere in theMetaMorph NX Software workspace.

5011685.B 25



Chapter 2: Viewing Images

1. Click anywhere in the tab or title bar of the window, and then drag it until dim arrows appear on
the left, right, top, and bottom of the Dataset View or workspace.

For example:

The arrows may also appear as a target in themiddle of the Dataset View or workspace:

2. Place the window on an arrow or in the part of the target that points to the side of the Dataset
View or workspace that you want to dock the window to.

To hide a window

Somewindows, such as the filmstrip, can be hidden and then displayed again later.
1. Right-click on the tab name or title bar of the window and select Hide.

2. To display the window again, right-click and select Add window name.

To auto hide a dialog box

The Auto Hide featureminimizes a dialog box and then provides easy access to it when youmove
your cursor over theminimized dialog box label. Once the dialog box is open again, it automatically
minimizes when youmove your cursor outside of the dialog box.

1. Right-click on the title bar of the dialog box and select Auto Hide.

The dialog box closes and a vertical, minimized dialog box label appears on the left or right
side of the workspace.

2. To display the dialog box again, move the cursor over theminimized dialog box label.

The dialog box opens and theminimized dialog box label remains on the left or right side of the
workspace.

3. To hide the dialog box again, move the cursor anywhere outside of the dialog box.

If the dialog box does not hide, click the cursor anywhere outside of the dialog box.

To close a tabbed window or close all tabbed windows except
the current one

l Right-click on the tab name and select Close orClose All But This.
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Scaling Images
Scaling an image redistributes the range of intensity values used to display channels based on lower
and upper limits that you specify. The result is an increase or decrease in the brightness and contrast
of the channels in the image. By default, theMetaMorph NX Software scales channels based on the
bit depth of the camera. You can scale channels in images that are of any bit depth. You can scale
channels in any images that are displayed in the image grid, the Latest Image tab, or the Live View
tab, and you can scale channels while acquiring images.

Note:Scaling is for display purposes only; theMetaMorph NX Software does not save scaling
data with the image or change any information about the intensity values in the image.

A 12-bit image, for example, consists of 4095 possible intensity values. However, especially in low
light experiments, much of the important image informationmay be contained within a narrow range
toward the lower end of the intensity values. By scaling an image to increase the contrast of
displayed channels, you canmore easily see variations in brightness that might otherwise be
impossible to detect visually.
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The illustration below shows that the Fixed scalingmethod will redistribute intensity values using only
the pixels with intensity values between 100 and 200:

The histogram below shows that the Normalize scalingmethod will redistribute intensity values using
only the pixels with intensity values between 7.5% and 96% of the original range of intensity values:

To scale channels in an image

This section describes how to scale images using the options in the Channel Display dialog box,
which opens when you click Channel Display on the Home tab. Most of the same scaling options are
available in the Scaling toolbar, which is located below the image grid, as shown below.
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1. On theHome tab, click Channel Display.

The Channel Display dialog box shows a histogram for each channel.

2. In theChannel Display dialog box, select a scalingmode.

The type of scaling (Camera, Normalize, or Fixed) that you select will be used for all channels
in the image. That is, you cannot select Fixed scaling for one channel and Normalize scaling
for another channel. However, if you select Fixed or Normalize, you can specify different
intensity ranges for each channel.

Method Description

Camera Automatically scales the channels based on the bit depth of the camera
that was used to acquire the image. If the camera bit depth is unknown,
the scaling range is 0 - 4095.

Camera Bit Depth Intensity Value Range
8 0 - 255
10 0 - 1023
12 0 - 4095
14 0 - 16383
16 0 - 65535

Normalize Scales the channels based on a percentage of the original range of
intensity values for the channel. The scaling range is from 0 to 100%.
(Step 3 describes how to specify a percentage of the original range.)
Normalize scales each image based on the pixel data in the image.
Normalizemakes it easy to see the data in every image, but does not
allow you to compare two images and determine the differences in
intensity just by looking.

Pixels that are in the percentage of intensity values equal to and below the
low value are replaced with black. As you increase the low value, you
increase the number of pixels that are replaced with black.

Pixels that are in the percentage of intensity values equal to and above the
high value are replaced with themaximum intensity of the channel display
color. As you decrease the high value, you increase the number of pixels
that are replaced with themaximum intensity of the channel display color.

Fixed Scales the channels based on a subset of the original range of intensity
values. The scaling range is the actual lowest and highest original
intensity values of the channel in the images displayed. (Step 3 describes
how to specify a subset of the original range.)

Pixels that are equal to and below the low value are replaced with black.
As you increase this number, you increase the number of pixels that are
replaced with black.
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Method Description

Pixels that are equal to and above the high value are replaced with the
maximum intensity of the channel display color. As you decrease this
number, you increase the number of pixels that are replaced with the
maximum intensity of the channel display color.

3. If you selected Normalize or Fixed scaling, you can change the range of intensity values for a
channel by dragging the lower or upper limit bar on the histogram to the left or to the right or by
typing values in the lower or upper limit fields that are below the histogram, as shown below.
When youmove the limit bars, the values in the fields below the histogram update accordingly,
and as you type new values in the fields below the histogram, the limit bars move accordingly.

4. To reset the range of pixels displayed to the full range of pixels for the channel, click the Reset
All Scaling button . For Normalize scaling, the Reset All Scaling option resets the range so
that it is from 0 (zero) to 100 percent of the original range of intensity values. For Fixed scaling,
the Reset All Scaling option resets the range to the original range of intensity values and adds
5 percent of the range below the lowest value and 5 percent of the range above the highest
value.

5. To turn off the display of a channel in the image grid, click Show Channel. Then, to turn on the
display of the channel, click Show Channel again.

6. To change the display color of a channel, click the name of the channel color and select a new
color from the list.

The color changes for display purposes only; theMetaMorph® NX Software does not save the
new color with the image or change any information about the wavelength that was used to
acquire the image.

Note:When you change channel display colors, only the channels in the current
(selected) dataset change colors. The changes do not affect the display of channels in
other open datasets.
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Zooming in on Images
You can use the wheel on your mouse to zoom in on or out of images in the image grid, snapped
images, the live display, or the filmstrip. You can use the zoom options on the Home tab to change
the zoom level of images displayed in the selected tab (the zoom options on the Home tab do not
control the zoom level of thumbnail images in the filmstrip).

To use the wheel on your mouse, place themouse cursor anywhere in the image grid, Latest Image
tab, Live Display tab, or filmstrip, and scroll the wheel up to zoom in on images; then scroll the wheel
down to zoom out.

To use the zoom options on the Home tab:
l click Zoom To Fit Space to resize the display of the images so that the entire image fits into

each grid in the image grid, Latest Image tab, or Live Display tab

l select or type a percentage of the original image display size and then press <Enter>

l click + or – to increase or decrease the current zoom level by 20 percent

When you zoom inmore than 100 percent of the original image display size, a zoom control window
appears in the upper right corner of the image grid, Latest Image tab, or Live Display tab. The zoom
control window shows you exactly which part of the image is in view. For example:

You can use your mouse to click and drag the zoomed area within the zoom control window to view
other parts of the image.
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Displaying Series Information on Images in the Image
Grid
You can display an overlay of information on each image in the image grid and in the filmstrip. The
overlay lists the dataset to which the image belongs, the channel used to acquire the image, and the Z
step number, time point number, and stage position number at which the image was acquired. For
example:

Dataset=Dataset2

Z=4

Time=1

Stage=2

Channel=2

In this example, the overlay indicates that the image is part of Dataset2 and that it was acquired at
the fifth Z step, at the second time point, at the third stage position using the third channel defined in
the channel series. Keep inmind theMetaMorph NX Software starts counting time points, stage
positions, Z steps, and channels at zero (0).

To display series information on images in the image grid

1. On theApplication menu, click MetaMorph NX Administration.

2. Click Image Grid Overlay Configuration and then select theShow Image Grid Overlay
check box.
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Microsoft Office PowerPoint

If Microsoft Office PowerPoint 2003 or 2007 is installed on your computer, you can export
images to a PowerPoint presentation. TheMetaMorph NX Software duplicates the displayed
resolution and size of the images so that images are exported exactly as they are displayed in
the image grid. Exported images are embedded in the PowerPoint slide (they are not linked as
files in PowerPoint). Once the images are in PowerPoint, you canmanipulate the images as
you would any other picture.

Note:You can also use version 7.7 of theMetaMorph Software to open images that
were acquired with theMetaMorph NX Software.

To export images to PowerPoint

If more than one Dataset View is open, make sure you select the Dataset View that contains
the images that you want to export. (Click once anywhere in the Dataset View to select it. An
orange border appears around the selected Dataset View.) Only the images that are displayed
in the image grid of the selected Dataset View are exported.

1. Use the display options on theHome tab to display the image or images exactly the
way you want them to appear in a PowerPoint slide. See Arranging and Displaying
Images for more information.

2. On theHome tab, inDataset View, click Export to PowerPoint.

Microsoft PowerPoint opens and displays the images that you exported in a new slide.
The dataset name and the date it was created, as well as any dimension information
that is available (for example, stage position or time point), appears in a text box above
the image.

3. To export another image to a new slide in the same presentation, keepMicrosoft
PowerPoint open and repeat Steps 1-2.
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Chapter 4: Configuring a Keypad,
Keyboard, or Mouse

This chapter includes the following topics:

l Using theMouseWheel to Control DeviceMovement

l Configuring an Input Accessory Such as a Keypad or Mouse

Using the Mouse Wheel to Control Device
Movement
If your mouse has a wheel, you can use theMouseWheel Control option to specify that a
device shouldmove when you scroll themouse wheel. For example, you could configure the
wheel control so that a Z motor moves up or downwhen you scroll themouse wheel up or
down. The devices that themouse wheel canmove depend on the type of hardware that is
installed.

If you have twomice, one can be used as the primary (system)mouse and the other can be
used as an input accessory. Keep inmind that when theMouseWheel Control option is
enabled, both the systemmouse and input accessory mouse wheels will perform the command
that is assigned in theMouseWheel Control option. When theMouseWheel Control option is
disabled, the input accessory mouse will perform the input accessory commands.

TheMouseWheel Control option is located on the Hardware Setup tab. Youmay need a
password to access the Hardware Setup tab or youmay not be allowed to access it. If you
cannot access the Hardware Setup tab, your system administrator may have placed a shortcut
to themouse wheel control on the Quick Access Toolbar so that you can use it. All of the
mouse wheel control settings that are available on the Hardware Setup tab are also available in
the shortcut on the Quick Access Toolbar.

This section describes how to:
l Configure the wheel control

l Use the wheel control

To configure the wheel control

1. If you have access to theHardware Setup tab, inMouse Wheel, clickWheel Control
to display the list of devices that can bemoved with themouse wheel. Or, if the Quick
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Access Toolbar contains a shortcut to themouse wheel control, click the down arrow next to
themouse icon .

2. In theSpin Unit fields that appear, type the increments by which the devices will move when
you scroll the wheel.

The spin unit is not a specific unit of measurement but is a value that reflects the amount that
the device will move each time you scroll themouse wheel. For example, if the spin unit for the
Z motor is 2, the Z motor position will move 2 units at a time when you scroll themouse wheel
(for example, from 10 to 12, from 12 to 14, from 14 to 16, and so on).

To use the wheel control

1. If you have access to theHardware Setup tab, inMouse Wheel, clickWheel Control to
display the list of devices that can bemoved with themouse wheel. Or, if the Quick Access
Toolbar contains a shortcut to the wheel control, click the down arrow next to themouse icon

.

2. Select the device that you want to move with themouse wheel.

3. On theHardware Setup tab or in the Quick Access Toolbar, click themouse icon to turn
on the wheel control.

Themouse icon turns yellow to indicate that the wheel control is on.

4. Scroll themouse wheel to move the device that you selected in Step 2.

While the wheel control is on, you cannot use themouse wheel to zoom in on or zoom out of
images in the image grid. You can, however, perform other tasks in theMetaMorph NX
Software.

5. Click themouse icon again to turn off the wheel control.

Configuring an Input Accessory Such as a
Keypad/Keyboard or Mouse
You can assignMetaMorph® NX Software functions (commands) to keys, wheels, or buttons on a
device that Microsoft Windows recognizes as a keyboard/keypad or amouse. For example, you
could assign the Snap command to the "S" key on a keyboard so that every time you press the "S"
key, an image is snapped.

Note:One keypad/keyboard and onemouse can be configured as input accessories. Do not
use your primary (system) keyboard or your primary mouse as an input accessory. If you do
so, you will not be able to use the keys or buttons to perform common tasks. For example, you
may not be able to use the number keys to type a value such as a time series interval or
exposure time. If you accidentally configure a primary keyboard or mouse as an input
accessory, press the F12 key to change the status of the input accessory to Unavailable,
which will allow you to use the input accessory for commands other than the ones assigned to
it.
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The Input Accessory Setup option is located on the Hardware Setup tab. Youmay need a password
to access the Hardware Setup tab or youmay not be allowed to access it. If you cannot access the
Hardware Setup tab, your system administrator may have placed a shortcut to the Input Accessory
Setup option on theQuick Access Toolbar for your use.

CAUTION! If you have assigned commands to keys or buttons that you will use in another
application, be sure to close theMetaMorph NX Software before working in the other
application. While theMetaMorph NX Software is open, commands that you have assigned to
an input accessory will function even when you are working in another application. For
example, suppose the Snap command is assigned to the "S" key. If you type in aMicrosoft
OfficeWord document while theMetaMorph NX Software is open, every time you type the
letter "S" theMetaMorph NX Software will snap an image.

To configure an input accessory

1. Connect the input accessory to your computer.

2. If you have access to theHardware Setup tab, click Input Accessory Setup. Or, if the
Quick Access Toolbar contains a shortcut to the Input Accessory Setup option, click the

shortcut .

3. In the Input Accessory dialog box, click Select Input Accessories.

4. Press any key, wheel, or button on the input accessory that you want to configure.

The name of the accessory appears in the Last Device Input statement at the bottom of the
Select Input Accessories dialog box. Note the name of the accessory. For example:

5. In theSelect Input Accessories dialog box, select the input accessory from the list.

The Last Device Input statement at the bottom of the dialog box updates to display the name
of the device you used to select the accessory from the list (typically amouse); the Last
Device Input statement is for informational purposes only and does not indicate that you have
selected the device for configuration.
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If the input accessory is not included in the list, make sure that the input accessory is
connected properly to your computer and click Refresh to update the list.

6. Click OK.

In the Input Accessory Setup dialog box, the status for the accessory that you selected
changes from Unavailable to Available.

7. If you are configuring a keypad or keyboard, click Edit Mode. If you are configuring amouse,
proceed to Step 13.

8. On the keyboard or keypad, press any key that you want to assign a command to.

A new row for the key that you pressed appears in the Keypad Button Commands section of
the dialog box.

9. In theCommand column, select a command for the key.

10. If an additional parameter is needed for the command, enter the appropriate value in the field
that appears in theParameters column. For example, if you assign the Select Channel
command to a key, the Channel # field appears in the Parameters column.

Note:While in Edit Mode, you cannot use the input accessory to carry out the assigned
commands. To use an assigned command, click the Edit Mode button to exit Edit
Mode. Then, after you have used the command, click the Edit Mode button again to
continue configuring the input accessory.

11. Repeat Steps 8-10 for all keys that you want to assign commands to for the selected input
accessory.

12. Click Edit Mode to exit Edit Mode, which enables the command assignments for the
keyboard or keypad.

13. To configure amouse wheel, in the KeypadMouse Commands section select the name of the
device, and then in the Spin Unit field type the increments by which the device will move when
you scroll the wheel.

The spin unit is not a specific unit of measurement but is a value that reflects the amount that
the device will move each time you scroll themouse wheel. For example, if the spin unit for a Z
motor is 2, the Z motor position will move 2 units at a time when you scroll themouse wheel
(for example, from 10 to 12, from 12 to 14, from 14 to 16, and so on).

14. In theCommand column, select commands for the left and right mouse buttons. Themouse
button commands are enabled as soon as you assign them.

TheMetaMorph NX Software remembers the command assignments when you close the software.
The next time you start theMetaMorph NX Software, you can immediately use the command
assignments that you configured.
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Chapter 5: Creating and Managing
Experiments

This chapter includes the following topics:

l About Experiment and Dataset Folders and Files

l Creating a New Experiment

l Opening an Experiment

l Linking an Image to an Experiment

About Experiment and Dataset Folders and Files
TheMetaMorph® NX Software organizes your images and related data into a simple hierarchy.
An experiment is a folder that contains one or more datasets as well as supporting files, such
as emails, presentations, documents, and notes. The experiment folder also contains the
experiment file, which contains references to all of the experiment data that you work with
when you open the experiment in theMetaMorph NX Software.

Every time you create a new experiment, theMetaMorph NX Software creates a folder for the
experiment on the hard drive of your computer. When you create a new experiment, the
experiment folder name is incremented by one number. For example:
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By default, experiments are saved in C:\Users\username\My Documents\My Experiments. You can
change the name and location of an experiment folder either before or after it is created. To change
the prefix of the experiment folder name or the location where experiments are saved before an
experiment is created, follow the instructions in Creating a New Experiment. To change the
experiment folder name or the location of an experiment after the experiment is created, rename the
folder on the hard drive or move the folder to a new location.

An experiment folder contains a subfolder for each dataset in the experiment. For example, the
Experiment1 folder shown abovemight contain the following:

You can rename the experiment (.mexp) file as long as you keep the .mexp file extension and as long
as the file name is valid (does not contain special characters such as exclamation points). You can
alsomove or copy the experiment folder to another computer running theMetaMorph NX Software
and then work with the experiment on that computer. If youmove or copy the experiment folder, you
must move or copy all of its contents.

You can specify the name of a dataset only before it is created. When you acquire images using the
Interactive acquisitionmode, you use the options on theMode: Interactive tab to specify the prefix of
the dataset folder name before saving images into the dataset. When you acquire images using the
Multidimensional acquisitionmode, theMetaMorph NX Software saves the images into a dataset
using the dataset name prefix specified in the Administration dialog box. See Creating a New
Experiment for information about how to change the prefix for the dataset folder name for
multidimensional acquisitions.

CAUTION! You can rename ormove experiment folders. Do not rename or delete dataset
folders. The experiment file contains references to all of the data in all datasets in the
experiment. If you rename or delete a dataset folder, you will not be able to open the
experiment. If you delete any files, including image files, you will not be able to access
measurements and images will not display.

If an image was linked to an experiment, the experiment folder contains the path name to the
location from where the image was linked. The folder does not contain the actual image. If the
experiment folder is moved to a location that cannot access the image data, you will not be
able to open your experiment. You canmove the linked image data along with the experiment
folder, but it must use the correct path for the experiment and dataset folders.
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Each dataset folder contains the items described in the table below.

Item File name Description

Images t#s#z#c#.tif

Individual TIFF files can be opened:
l directly from the hard drive on

your computer

l using theMetaMorph NX
Software

l using version 7.7 of the
MetaMorph Software

The image file name includes the time
point, stage position, channel, and Z step
of the image. For example, the filename
t2s1c1.tif is an image that was acquired
at the third time point in the time series, at
the second stage position in the stage
series, using the second channel in the
channel series. (Keep inmind that the
MetaMorph NX Software begins counting
time points, stage positions, Z steps, and
channels at zero.)

Plane Information Info.Dataset

The Info.Dataset file can be opened:
l using theMetaMorph NX

Software

l using version 7.7 of the
MetaMorph Software

Each dataset has one Plane Information
measurement set, which contains basic
image data such as the image width and
height, camera bit depth, and so on.

Measurement sets (if
applicable)

Measurements.db

TheMeasurements.db file can be
opened only using theMetaMorph
NX Software.

When youmeasure the images in a
dataset using ameasurement function,
the results are automatically saved in a
new measurement set. All measurement
sets that belong to a dataset are stored in
theMeasurements.db file.

Acquisition settings
used to acquire the
images in the dataset
(if applicable)

AcquisitionProtocol.xml

The acquisition protocol file can be
opened only using theMetaMorph
NX Software.

When you acquire images in
Multidimensional acquisitionmode,
acquisition settings are saved
automatically. In Interactive acquisition
mode, you canmanually save acquisition
settings.

You canmove or copy an acquisition
protocol file to another computer running
theMetaMorph NX Software and then
acquire images using the protocol on that
computer. You can give this file any
name as long as you keep the .xml
extension and the name is valid (does not
contain any special characters such as
exclamation points).

By default, the Scratch folder stores snapped images and images that were acquired using the
Interactive acquisitionmode but that have not yet been saved into a dataset. Initially, the Scratch

5011685.B 41



Chapter 5: Creating andManaging Experiments

folder is in C:\Users\username\AppData\Local\Temp. You canmove or rename the Scratch folder by
designating a new location or name in the Administration dialog box. See theMetaMorph® NX
Microscopy Automation & Image Analysis Software System Administrator Guide for more
information.

The file name format of images in the Scratch folder is different than the file name format of images
that are saved in a dataset. In the Scratch folder, the file name includes the date on which the image
was snapped or acquired and a number that increments by one with each image that is snapped or
acquired. For example, Image_20101122_0000000015.tif is the fifteenth image in a series of images
that were snapped on November 22, 2010.

Creating a New Experiment
You can create an experiment that will contain images that you plan to acquire or to which you plan to
link images. TheMetaMorph NX Software creates an experiment for you if one is not already open
when you acquire or link images.

TheMetaMorph NX Software saves and names the new experiment folder as specified by the
experiment default settings.

This section describes how to:
l Create a new experiment

l Change the experiment default settings

Note:All images acquired using themultidimensional acquisitionmode and all measurement
data in an experiment are automatically saved as you work; when you close an experiment, it
is automatically saved.

To create a new experiment

l To create a new experiment in the default location using the default base name, from the
Application menu, select New and then select New again.

An empty Dataset View appears and a folder for the new experiment is created in the default location.
For example, if the experiment base name is "Experiment," the new experiment folder may be named
"Experiment1."

To change the experiment default settings

1. To change the location where new experiments are saved and, optionally, change the base
name for new experiment folders, from theApplicationmenu, select New and then select Set
Experiment Defaults.

2. Change the locations and the prefixes for the experiment and dataset folders as needed:
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Field Description

Experiment Load Path Folder that opens when you select Open on the
Applicationmenu

Experiment Save Path Location where new experiment folders are saved,
including all of the image data for images in the
experiment; be sure that this location has adequate disk
space (Molecular Devices recommends that you save
experiments on a data drive rather than the C: drive)

Experiment Name Prefix Prefix, or base name, of new experiments

Image Link Path Folder that opens when you select Link Image on the
Applicationmenu

Dataset Name Prefix Prefix, or base name, of new datasets

Opening an Experiment
Only one experiment may be open at a time. If an experiment is open when you open a second
experiment, the first experiment automatically closes and the second experiment opens.

To open an experiment

1. From theApplication menu, select Open Experiment.

2. In theOpen dialog box, select the experiment (.mexp) file and then click Open.

The Applicationmenu lists experiments that were recently open. Select an experiment in
the list to open it.

You can change the folder that theMetaMorph NX Software opens to look for experiments by
modifying the default path in the administration settings. See Creating a New Experiment.

Linking an Image to an Experiment
To view an image that is not part of an experiment, you can link the image to the experiment. If an
experiment is not open when you link an image, theMetaMorph NX Software creates a new
experiment to contain the image; in this case, the name of the new experiment that is created is
based on experiment name prefix that is specified in the experiment configuration settings. See the
MetaMorph® NXMicroscopy Automation & Image Analysis Software System Administrator Guide for
information about how to change the name prefix that is used for new experiments.

Each image that you link to an experiment is displayed as a separate dataset in the filmstrip.
However, the image file is not moved to or saved in the experiment folder on your computer; instead,
the location of the image, from where it was linked, is referenced in the plane information
(Info.Dataset) file.

5011685.B 43



Chapter 5: Creating andManaging Experiments

You can link the following types of image files:
l .tif

l .stk

l .nd

The calibration of an image does not change when it is linked to an experiment.

To link an image

1. To link the image to the open experiment, from theApplication menu, select Link Image and
then Link Image into Current or, to link the image into a new experiment, select Link Image
and then Link Image into New.

2. In theOpen dialog box, select the image and click Open.

The image appears as a new dataset in the open experiment or in the newly created
experiment.

Note:You can change the folder that opens by default when you link an image. See
Creating a New Experiment.
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Hardware

This chapter includes the following topics:

l General Workflow for Installing and Loading Hardware Device Drivers

l Preparing to Install Hardware Device Drivers

l Installing Device Drivers

l Loading Device Drivers

l Device and Component Settings

l Creating andModifying Hardware Settings

l Creating andModifying Illumination Settings

l Creating andModifyingMagnification Settings

l Configuring Camera Drivers

l Camera Settings

General Workflow
You must be able to access the Hardware Setup tab to perform the tasks described in
this section. See your system administrator for more information.

TheMetaMorph® NX Software provides control of automatedmicroscopes, motorized filter
wheels, shutters, monochromators, Z motors, motorized stages, digital and serial input/output
to communicate with unique devices, and robotic devices frommajor manufacturers.

Setting up theMetaMorph NX Software so that it can be used with connected hardware
devices involves two required tasks and a few optional tasks. First, youmust install the device
drivers to make them available for use with theMetaMorph NX Software. Then, you load the
device drivers and related components that you want to use. As you carry out these two
required tasks, you can also configure the device drivers and components. For example, you
may want to rename a device driver or modify the settings of a component.

After you have installed and loaded the hardware device drivers, you can create hardware
settings, illumination settings, andmagnification settings. The settings that you create appear
on the acquisition tabs, where they can be selected for use with image acquisitions.
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The flowchart below shows the general sequence of tasks for installing and configuring hardware
device drivers and related components.

Preparing to Install Hardware Device Drivers
You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

Before installing and configuring a hardware device driver and related components for use with the
MetaMorph NX Software, follow the steps below.

1. Create a list of the devices connected to your computer and the corresponding serial, parallel,
USB, or 1394 port assignments, a list of the hardware for which you will install hardware
device drivers, and a list of any port assignment requirements noted in the documentation
supplied with the devices.

2. Connect the hardware device to your computer as instructed in the documentation supplied
with the device. Youmay need to install related Software.

3. Turn on the device as instructed in the documentation supplied with the device.
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Installing Device Drivers
You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

To use theMetaMorph NX Software with a connected hardware device and its related components,
youmust first install the hardware device driver. After installing the device driver, you can rename and
change the settings of the device and its related components. These names and settings are then
used as the default values when loading the device drivers. Component names and settings may be
changed again when you load the device, although inmost situations you probably need to change
names or settings only once, when installing the device.

Prerequisites

Make sure you have completed the tasks described in Preparing to Install Hardware Device Drivers.

To install a device driver

1. On theHardware Setup tab, click Install Devices.

2. In the Install System Devices dialog box, in the list of available hardware, select the device
that you want to install and click Install.
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3. Verify that the port assignment shown in the Status area, if applicable, is not already assigned
to another device and that the port assignment is consistent with any requirements listed in the
documentation supplied with the device.

4. To rename the installed device or a component, in the list of installed devices, select the
device or component and type a new name.

5. To change the settings of the installed device or a component of a device, in the list of installed
devices, select the device or component and click Settings.

6. In theSettings dialog box, make changes, and click OK.

See Device and Component Settings for specific settings information for the device or
component.

Note:You can change the settings for a device and remove a component from or add a
component to a device only in this dialog box. These are settings that connect the
MetaMorph NX Software to the hardware through a serial port or manufacturer's driver.
Device settings cannot be changed and components cannot be removed or added
when the device is loaded using theUser Settings for 'Default' hardware
configuration dialog box. However, component settings can be changed in both this
dialog box and in theUser 'Default' hardware configuration dialog box as described
in Loading Device Drivers.

7. In the Install System Devices dialog box, click Apply to save your changes without closing
the dialog box (if you want to install and configure other devices) or click OK to save your
changes and close the dialog box.

8. If you are using a communications port other than COM1 or COM2, confirm the
communications settings for the device using theMicrosoft Windows DeviceManager (Start
> Control Panel > Device Manager).
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Loading Device Drivers
You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

To acquire images and to create unique hardware and illumination settings, youmust load the
appropriate hardware device drivers. When you load a device, the device and component names and
settings that were defined during installation are loaded as the default settings. Component names
and settings may be changed again as they are loaded, as described in this section .

Prerequisites

Before you can load a device and its related components, the device driver must be installed. See
Installing Device Drivers.

To load a device driver

1. On theHardware Setup tab, click Load Devices.

2. In theUser Settings for "Default" hardware configuration dialog box that appears, in the
list of available devices, select the device that you want to load and click Add.
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3. To rename a device or component, in the list of claimed devices, select the device or
component and type a new name.

4. To change the settings of a component, in the list of claimed devices, select the component
and click Settings. In theSettings dialog box, make the changes, and click OK.

See Device and Component Settings for specific settings information for the component.

Note:Device settings can be changed and components can be removed or added only
in the Install System Devices dialog box as described in Installing Device Drivers.
Component settings can be changed in both theUser Settings for 'Default'
configuration hardware dialog box and the Install System Devices dialog box.
Changes that youmake to component settings in theUser Settings for 'Default'
configuration hardware dialog box do not affect the settings defined in the Install
System Devices dialog box.

5. In theUser Settings for 'Default' configuration hardware dialog box, click Apply to save
your changes without closing the dialog box (if you want to load and configure other devices) or
click OK to save your changes and close the dialog box.

To uninstall a device driver, you do not have to first "unload" it. You can simply click Install
Devices on theHardware Setup tab, select the driver, and click Remove.

Device and Component Settings
This section provides information about the settings that are common tomost of the devices and
components that theMetaMorph NX Software supports.

l Device Calibration Settings

l Discrete Component Position Settings

l FilterWheel Settings

l Objective Settings

l Shutter Settings

For information about settings that are specific to certain hardware and to view a list of currently
supported hardware, visit theMetaMorph NX Support web site at
http://support.meta.moleculardevices.com/hardware/hardware.php

Device Calibration Settings
Use the options described below to define the unit of measurement for devicemovements. For
example, you could define the unit of measurement for X stagemovements so that 4microns equals
1 step.
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The settings that are available may vary slightly depending on the type of hardware that you are
using.

Setting Description

Unit Conversion

User Units Number of units that comprise the unit of measurement.

User Units Label Themeasurement for the user unit.

Device Units Number of units that equal the number of user units. For example, 1micron
equals 1 step.

Device Units Label The unit of measurement as defined by the device. For example, "step" or "1/10
micron."

Position Settings

Position The current position of the stage.

Move Click the + or - buttons or type a new value tomove the stage.

Go to Origin Moves the stage to its origin position.

Discrete Component Position Settings
The settings that are available for discrete components (for example, lenses, disks, wheels, lamps,
andmirrors) may vary slightly depending on the type of hardware that you are using.

Settings Description

Position Labels

Position # Labels for each position on the component.

Discrete Component Parameters

OpenControl
Dialog

Opens the Control Device dialog box, which provides the following options for
testing themovement of the device:

Position Controls—Moves the device to the selected position.
<<—Moves the device backward by one position.
>>—Moves the device forward by one position.

Filter Wheel Settings
The filter wheel settings that are available may vary slightly depending on the type of hardware that
you are using.
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Setting Description

Filter Labels

Filter # Labels for each filter on the wheel.

Filter Visiting Status

Normal The wheel will stop at this filter position as needed.

No Stop The wheel will pass through, but not stop at, this filter position as needed.

No Visit The wheel will not be allowed to pass through this filter position.

Objective Settings
The objective settings that are available may vary slightly depending on the type of hardware that you
are using.

Setting Description

Objective # Labels for each objective.

RefractionMedium/Index The refractionmedium for each objective. The Index field
displays the index value for the selectedmedium:

Air - 1.0
Water - 1.33
Oil - 1.515

Num. Aperture Labels for the numerical aperture of each objective.

Open Control Dialog Opens the Control Objective dialog box, which provides the
following options for testing themovement of the objective:

Position Controls—Moves the device to the selected
position.
<<—Moves the device backward by one position.
>>—Moves the device forward by one position.

Shutter Settings
The shutter and lamp settings that are available may vary slightly depending on the type of hardware
that you are using.

Setting Descripton

Delays

OpenDelay Delay (in milliseconds) between the time theMetaMorph
NX Software sends the shutter the command to open and
the time exposure starts and the image is acquired. This
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Setting Descripton

delay is needed to ensure that the shutter has time to open
before acquisition. (See illustration below.)

Note:When using an automatedmicroscope, the
transmitted light may not be shuttered, but may be
turned on or off to simulate a shutter. In this case,
the Open Delay settingmust be long, such as 500
ms, to account for the time it takes for the bulb to
achieve a stable brightness.

Close Delay Delay (in milliseconds) between the time theMetaMorph
NX Software sends the shutter the command to close and
the time that theMetaMorph NX Software will start another
command. This delay is needed to ensure that the shutter
has closed completely. (See illustration below.)

Shutter Parameters

Open Shutter Control Dialog Opens the Control Shutter dialog box, which provides the
following options for testing the shutter:

Open—Opens the shutter.
Close—Closes the shutter.
Toggle—Opens and then closes the shutter or closes and
then opens the shutter.

Creating and Modifying Hardware Settings
You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

Rather than define settings for hardware devices and components each time you set up your
microscope for a particular type of experiment, you can define and save specific collections of
settings as hardware settings and re-use them as needed. Youmay also want to use a saved
hardware setting to quickly test and compare the effects of adjusting certain components.

Unlike illumination settings andmagnification settings, hardware settings are not part of the image
acquisition process. Hardware settings aremostly useful for initializing the position of amicroscope
for a pre-set condition. For example, youmay want to set all the device positions so they are the
same at the start of every session, or youmay want to set up the illumination path for an experiment
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that uses DIC (differential interference contrast). Because these settings, including the objective
position, are not used as part of an acquisition configuration, it is important to make sure that
magnification and illumination settings are correct after you use a hardware setting and before
acquiring images.

You can define and save the settings of any available hardware component, and you can create as
many hardware settings as you need. The components that are available depend on what hardware
devices are connected and configured for use with theMetaMorph NX Software.

Prerequisites

Before you can create hardware settings, the appropriate hardware devices and components must be
installed and loaded. See Installing and Loading Hardware Device Drivers.

To create or modify a hardware setting

1. On theHardware Setup tab, inManage Settings, click Hardware Settings.

2. In theHardware Settings dialog box, do one of the following:

l To create a new setting, click Add New Setting and type a name for the setting in the
blank field that appears in the list of settings.

l Tomodify a setting, click the name of the setting.

l To rename a setting, double-click the name of the setting and type a new name.

3. The position of a component appears next to the component's name. To set the position of the
component whenever the hardware setting is used, select the check box to the left of the
component. Then, optionally, select or type the position that you want to be applied when the
setting becomes active (for example, when it is selected to test amicroscope setup).

4. Optionally, select theSerialize Moves check box to indicate that no other devices should
move when the selected devicemoves.

5. If additional properties for a component are available, you can click Other Peripherals to
expand the list of properties. See Device and Component Settings topics for specific settings
information.

6. Click Save Current Setting to save your changes.

The new hardware setting is saved in the list of settings on the Hardware Setup tab and the
AcquisitionMode tab.

7. Tomove the devices to the positions defined in the hardware setting, on theHardware Setup
tab, inSelect Setting, select the hardware setting and click Apply. Or, on theAcquisition
Mode tab, inHardware Settings, select the setting and click Apply.
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Creating and Modifying Illumination Settings
You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

Rather than define settings for themultiple hardware devices that affect illumination each time you
carry out an experiment, you can define specific collections of device and component settings and
save them as illumination settings. Illumination settings allow the specification of multiple device
positions so that each channel is illuminated appropriately.Then, when you are configuring channels
for an image acquisition, you can simply select a saved illumination setting.

You can create as many illumination settings as you need. The components that are available depend
on what hardware devices are connected and configured for use with theMetaMorph NX Software. In
the Illumination Settings dialog box, the components and settings listed first are those that the
MetaMorph NX Software considers most relevant to illumination. At the bottom of the list are other
components, the settings for which can also be defined and saved as part of the illumination setting.

Components commonly used to control illumination include:
l shutters

l wheels and filters

l lamps

Prerequisites

Before you can create an illumination setting, the appropriate hardware devices and components
must be installed and loaded. See Installing and Loading Hardware Device Drivers.

To create or modify an illumination setting

1. On theHardware Setup tab, inManage Settings, click Illumination Settings.

2. In the Illumination Settings dialog box, do one of the following:

l To create a new setting, click Add New Setting and type a name for the setting in the
blank field that appears in the list of settings.

l Tomodify a setting, click the name of the setting.

l To rename a setting, double-click the name of the setting and type a new name.

3. In theWavelength field, type the collection (emission) wavelength for the setting. If the image
is full spectrum or if wavelength does not apply for other reasons, set the value to 0 (zero).

The wavelength will be recorded in images collected with this illumination setting. The
wavelength can be important for some image processing techniques.

The color box shows the color that corresponds to the wavelength. This color will be used in
the brightest pixels when the image display color is specified as "Set by Wavelength" in the
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Channel Display group on the Home tab. If you set the wavelength outside the visible range
(380-780), the color box turns white.

4. The position of a component appears next to the component's name. To set the position of the
component whenever the illumination setting is used, select the check box to the left of the
component. Then, optionally, select or type the position to be applied when the setting
becomes active (when it is used as part of an acquisition or when testing amicroscope setup).

Note: The shutter setting determines the state of the shutter when images are
acquired. The shutter setting also determines whether you can use the Shutter button
on the ribbon to toggle the shutter open and closed. To open or close a shutter using the
Shutter button on the ribbon, the shutter state in the selected illumination settingmust
be set to active.

Active—The shutter will open only during acquisition or when the Shutter button on the
ribbon is used to open and close all active shutters in the illumination setting.

Open—The shutter will open when the illumination setting is selected and will stay
open until the illumination setting is changed. Use this setting if you are using the eye
pieces.

Closed—The shutter will remain closed during acquisition and while the illumination
setting is selected; use this setting if you are using transmitted light and do not want
any fluorescent excitation or fluorescent light and do not want any transmitted light.

Best Practice
Change a setting for a component only if needed. Often, an illumination setting does not need
to control the position of certain components. For example, a fluorescent setting does not
require that the lamp voltage be adjusted for transmitted light illumination. Setting the lamp
voltage value in this case would serve no purpose and would waste acquisition time as the
lamp adjusted. To avoid this situation, you would leave the lamp voltage component
unchecked. The lamp voltage will be adjusted only if the check box for the component is
selected.

5. Optionally, select theSerialize Moves check box to indicate that no other devices should
move when the selected devicemoves.

6. If additional properties for a component are available, you can click Other Peripherals to
expand the list of properties. See Device and Component Settings topics for specific settings
information.

7. Click Save Current Setting to save your changes.

The new illumination setting is added to the list of illumination settings on the Hardware Setup
tab in the Select Setting group. The setting is also included in the list of illumination settings
that are available to use with channels for image acquisition in the Channel Settings group on
theMode: Multidimensional tab andMode: Interactive tab.

8. Tomove the devices to the positions defined in the illumination setting, on theHardware
Setup tab, inSelect Setting, select the illumination setting.
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Creating and Modifying Magnification Settings
You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

A magnification setting is a group of device settings that will affect the area covered by each pixel in
an image. Rather than define individual settings for the hardware devices and components that
control magnification each time you acquire images, you can define specific collections of settings
and save them as magnification settings. Then, when you configure an image acquisition, you can
select the appropriate magnification setting.

TheMetaMorph NX Software uses magnification settings to apply the correct spatial calibration to
images as they are acquired. Even if the objectives are changedmanually, you should define
magnification settings to ensure correct spatial calibration of images. Specific data included in a
magnification setting, such as refractive index and numerical aperture, are recorded in the Plane
Informationmeasurement set; these values are often important in deconvolution operations and other
calculations.

The calibration should be defined for a non-binned image. When acquiring images that have been
binned, theMetaMorph NX Software will automatically adjust the spatial calibration to reflect this
binning.

Best Practice
Magnification settings are not camera-specific. If you usemultiple cameras, include the name of the
camera in the name of themagnification setting so that it is clear that a particular magnification
setting should be used with a particular camera. Different cameras may require different calibrations
so if you create themagnification setting based on just themagnification, then the calibration could be
incorrect when you switch cameras.

You can create as many magnification settings as you need. The components that are available
depend on what hardware devices are connected and configured for use with theMetaMorph NX
Software. In theMagnification Settings dialog box, the components and settings listed first are those
that theMetaMorph NX Software considers most relevant to magnification. At the bottom of the list
are other components, the settings for which can also be defined and saved as part of the
magnification setting.

Prerequisites

Before you can create amagnification setting, the appropriate hardware devices and components
must be installed and loaded. See Installing and Loading Hardware Device Drivers.

To create or modify a magnification setting

1. On theHardware Setup tab, inManage Settings, click Magnification Settings.

2. In theMagnification Settings dialog box, do one of the following:
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l To create a new setting, click Add New Setting and type a name for the setting in the
blank field that appears in the list of settings.

l Tomodify a setting, click the name of the setting.

l To rename a setting, double-click the name of the setting and type a new name.

3. If the objectives are controlledmanually, select theManual Objective check box.

If the objectives are controlledmanually, youmust supply the numerical aperture and
refractive index values as described in Steps 4 and 5. If the Software controls the objectives,
then theMetaMorph NX Software will automatically use the numerical aperture and refractive
index values based on the objective values defined in the hardware configuration. See Device
and Component Settings for more information.

4. In theNumerical Aperture field, type the numerical aperture of the objective.

5. In theRefractive Index field, type the refractive index of the objective.

6. Select Display Message When Setting Is Selected to have theMetaMorph NX Software
display amessage when you select this magnification setting.

When you select this magnification setting, the Z motor moves to its escape position (defined
in Step 11) and amessage appears that asks you to confirm that the Z motor shouldmove
back to its original position. For example:

Themessage gives you time, for example, to apply oil to the lens of an oil immersion objective
before the objective is moved back to its original position.

7. In theX Offset andY Offset fields, type the distance tomove the X and Y positions of the
stage to keep the point of origin in its original position when using this magnification setting.

When the objective changes, the point of origin may shift slightly in the field of view. The X and
Y offset distances specify how far the stage shouldmove along the X and Y axes tomaintain
the point of origin. The example below illustrates the process for calculating the offset
distances.
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Best Practice
Select one objective as a reference objective; ideally, this is the objective with the highest
magnification because its focal position is very specific. Using the reference objective, note
the X and Y positions of the point of origin in your sample, and set the offset values in the
magnification setting for this objective to 0 (zero). Then, switch to the objective with a lower
magnification, and note the stage X and Y values of the point of origin. The offset distance
values for themagnification setting of the objective with the lowermagnification are the
difference between the X and Y values of the point of origin when using the reference objective
and the X and Y values of the point of origin when using the objective with a lower
magnification. Repeat this process for each objective.

8. In the Z Offset field, type the distance tomove the Z motor to keep the point of origin in its
original focal position when using this objective.

The Z offset distance helps compensate for non-parfocal systems. When amagnification
setting is selected, the Z motor position is adjusted by the offset distance.

9. In theCalibration field, type the size of one pixel. Typically, a pixel is measured inmicrons. If
you do not know how many microns equal a pixel, use a stagemicrometer to measure a pixel
or ask your lens or camera dealer for this information.

The calibration should be defined for a non-binned image. When acquiring images that have
been binned, theMetaMorph NX Software will automatically adjust the spatial calibration to
reflect the binning (Spatial Calibration = Calibration x Binning). The spatial calibration of an
image is recorded in the Plane Informationmeasurement set.

10. In theMagnification field, type themagnification of the objective.

11. In the Z Escape Distance field, type the distance tomove the Z motor before changing the
objective.

The Z motor returns to its original position after the objective is changed. Using an escape
distance helps prevent the objective from contacting the slide while the objective is changing.

12. Optionally, select theSerialize Moves check box to indicate that no other devices should
move when the selected devicemoves.

13. If additional components are available, you can click Other Peripherals to expand the list of
components and review or change their properties. See Device and Component Settings
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topics for specific settings information.

14. Click Save Current Setting to save your changes.

The new magnification setting is added to the list of magnification settings on the Hardware
Setup tab in the Select Setting group. Themagnification setting is also included in the list of
magnification settings available to use for image acquisition in theMagnification group on the
Mode: Multidimensional tab andMode: Interactive tab.

15. Tomove the devices to the positions defined in themagnification setting, on theHardware
Setup tab, inSelect Setting, select themagnification setting.

Configuring Camera Drivers
You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

To use theMetaMorph NX Software with a connected digital camera or video camera, youmust first
install the camera driver Software. Then, activate the camera driver as described in this section and,
optionally, verify or change the camera settings.

Once a camera is activated, the settings that theMetaMorph NX Software can control for that camera
are available when you configure image acquisitions. Camera settings can be set the same for all
channels in an acquisition or set individually for each channel. See Configuring Channels for a
Multidimensional Acquisition or Acquiring Images in InteractiveMode.

Note:Select the camera channel that you want to use for acquisition on the AcquisitionMode
tab.

To install and configure a camera driver

1. On theHardware Setup tab, in Install and Configure Hardware, click Camera Setup.

2. In theCamera Configuration dialog box, select the camera driver and click Activate
Camera.

A Configure Camera button appears next to the camera name.

3. Click Configure Camera to verify and, optionally, change settings for the camera.

See Camera Settings for information about the settings that are available for most of the
cameras that theMetaMorph NX Software supports.
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Camera Settings
This section provides information about the settings that are common tomost of the cameras that
MetaMorph NX supports as well as settings for the demonstration camera driver.

l Basic Camera Settings

l Defect Correction

l Demonstration Camera Driver

For information about settings that are specific to a certain camera and to view a list of currently
supported cameras, visit theMetaMorph NX Support web site at
http://support.meta.moleculardevices.com/hardware/hardware.php.

Basic Camera Settings
The settings that are available will vary depending on the camera that you are using.

Setting Description

Sensor Mode Defines the operational mode of the camera.

Digitizer Sets the range of speed within which the digitizer will acquire
images.

Gain Sets the range of sensitivity and signal strength for the
camera.

Intensifier Gain Controls the output gain or the gain of image intensifiers on
certain cameras.

Bit Depth Sets the image bit depth. You can expand the camera image
bit depth range to fit within the bit depth range of the acquired
image. Set this value to 24-bit to enable color image
acquisition from qualified color cameras.

Sharpness Controls camera hardware to increase or decrease camera
sharpness.

Camera Shutter Sets the state of the camera shutter to one of the following
states: Open for Exposure, Always Closed, or Always Open.

Clear Mode Defines when to clear the camera chip.

Clear Count Specifies the number of frames to clear when clearing the
camera chip.

Frames to Average Field Specifies the number of frames to combine for frame
averaging cameras.

Offset Adjusts the black level reference above the zero level to
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Setting Description

reduce or eliminate background noise.

Sensitivity Turns camera sensitivity capability on or off, and specifies a
sensitivity value to control the camera’s internal image
intensifier.

Light Mode Specifies the relative brightness of the light source and
raises or lowers the camera’s sensitivity.

Cooler On Activates internal camera cooling.

Use Contrast Knobs Enables the camera-mounted contrast controls.

External Trigger/Trigger
Mode

Enables the external trigger capability of the camera.

Flat Field Correction Activates the internal shading correction capability of the
camera.

Get Flatfield Acquires an image for flatfield (shading) correction.

Noise Filter Activates the internal noise correction capability of the
camera.

Compute exposure and
gain on live startup

Computes exposure and gain whenever you display a live
view.

Quality/Speed Helps achieve an ideal balance between quality and speed
when continuously updating the live view. The better the
quality, the slower the speed; or, the faster the speed, the
lesser the quality.

Image Type Specifies the type of illumination: Brightfield or Darkfield.

Show Focus Indicator Displays a value on the live image display that reflects focus
accuracy, where the highest value equals themost accurate
focus.

Reset Resets certain camera settings to default values.

Defect Correction
The settings that are available will vary depending on the camera that you are using.

Setting Description

Camera The active camera.

List of CCD chip defects All CCD chip defects that will be corrected
with the defect correction option.

Add Defect and Edit Defect Opens the Add Defect dialog box.

If the defect that you are entering is a single
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Setting Description

pixel defect, type the location (X, Y
coordinates) of the defective pixel in the X
(Column) and Y (Row) fields, and select
Pixel Defect as the defect type. If the defect
you are entering includes part or all of one or
more adjacent columns, select Column
Defect and type the X, Y coordinates of the
starting location in the defective column.

When specifying a defective column, the X,
Y coordinates indicate the starting point for
the column. All pixels in the column from the
X, Y coordinate to the bottom of the chip are
included.

Chip Location— Indicates the X, Y
coordinates of the defective pixel or
column(s) of pixels.

Defect Type— Indicates the type of defect
associated with the camera. The defect
type can be either for a single pixel or an
entire column. Column locations run from
the specified pixel location to the bottom of
the chip.

Width— Indicates the number of columns
affected by the column defect.

Remove Defect Deletes the selected defect from the list.

Remove All Deletes all defect information from the list.

Enable defect correction When selected, pixel information for
identified defective pixels is derived from
adjacent good pixel information.

Demonstration Camera Driver
The Demonstration camera driver emulates image acquisition using digital and video cameras. This
driver is useful for testing or teaching users how to acquire images when no camera is attached to the
system. For example, youmay want to test the functionality of a script before carrying out an
experiment. You can emulate two separate channels using the Channel 1 and Channel 2 tabs on the
dialog box.
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Setting Description

Channels 1 and 2

Image Content

Wedge defined by frame size and bit
depth

Select this option to choose the width,
height, and depth of the emulated image or
stream. The emulated stream is a diagonal
display of theminimum andmaximum pixel
range as defined in the Bit Depth field.

Images opened from sample file Currently not available.

Wedge Image (options in this section are available only if Wedge defined by frame
size and bit depth is selected)

Width The width of the wedge image.

Height The height of the wedge image.

Bit Depth The bit depth of the wedge image.

Emulation

Camera to Emulate The Camera to Emulate field lists the
cameras that can be emulated. The options
that are available for emulation vary
depending on the camera. You can select
Custom and select the features to emulate,
or you canmodify one of the existing
camera settings.
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This chapter includes the following topics:

l Overview of Acquiring Images

l General Workflow for Acquiring Images

l Selecting an AcquisitionMode

l Setting the Camera Area for Acquisition

l Acquiring Images in InteractiveMode

l Acquiring Images inMultidimensional Mode

l Designating Z Motors and Stages for Acquisition

l Setting a Point of Origin

l Displaying a Live View

l Snapping an Image

l Using Auto Expose

l Configuring Image Autofocus

l Using Focus Stabilization

l Pausing or Stopping an Acquisition

l Saving and Loading Acquisition Settings (Protocols)
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Overview
TheMetaMorph® NX Software provides many options for acquiring images of the samples and
processes that occur in your experiment. Image acquisition can be as simple as a single image or as
complex as multiple sets of images acquired at various sites at certain times with a variety of
illumination conditions. You control when, where, and how images are acquired. The goals of your
experiment determine the complexity of the image acquisition.

The following types of acquisitions are available:
l Interactive image acquisition— acquire an image with one or more channels at one stage

position, one Z position, and one time point; select individual images and save them into a
dataset

l Multidimensional image acquisition— combine some or all of the series acquisitions
described below to create amultifaceted acquisition that can include almost any combination
of channels, stage positions, Z positions, and time points; automatically save all acquired
images into a dataset

l Time series acquisition— acquire images at specific time intervals for a certain amount
of time

l Stage series acquisition— acquire images at multiple sites in your sample

l Z series acquisition— acquire multiple images along the Z axis

l Channel series acquisition— acquire images using one or more illumination conditions,
whichmay include brightfield, fluorescence, and other microscopy techniques; set
exposure and camera settings for each channel or use the same camera settings for all
channels
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General Workflow
Accurate image acquisition depends on a proper microscope setup, which your MetaMorph NX
representativemay have already done for you and whichmost likely needs to be updated only
occasionally. After the hardware is configured, in most cases you should be able to configure
acquisitions using just the options on the tab for the selected acquisitionmode. The flowchart below
shows the general sequence of tasks for acquiring images.

* Requires specific hardware
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Selecting an Acquisition Mode
The first step in configuring an image acquisition is to select an acquisitionmode. Themode that you
select determines the options and settings that appear on the ribbon; only the options that are needed
for the selectedmode are displayed. Two acquisitionmodes are available: Interactive and
Multidimensional.

Use the following table to determine which acquisitionmode will best meet your needs.

Use this mode... If you...

Interactive have amicroscope with little to no automation and you plan to
manually move the stage to various sites

want to acquire a single image for publication purposes

want to acquire single images of a site for a simple
measurement; for example, if you plan tomanually count objects
or manually calculate simple statistics for all collected data

do not want to acquire a Z series, stage series, or a time lapse of
images

want to choose which individually acquired images should be
saved into a dataset

Multidimensional want to use an automated stage or Z motor

want to acquire a Z series, stage series, or a time lapse of
images using one or more channels

want to automatically save all acquired images into a dataset

want to automatically measuremultiple images in a dataset; for
example, region intensity over time

The following table lists themajor differences between the acquisitionmodes.

Feature Interactive Mode Multidimensional Mode

Live Display

Snap Images

Auto Expose

Image Autofocus

Focus Stabilization*

Channel Series

Stage Series X
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Feature Interactive Mode Multidimensional Mode

Z Series X

Time Series X

Automatically saves all
images acquired

X

Automatically saves
acquisition settings for future
use

X

Allows manual save of
individual images into a
dataset

X

Available
X Not available
*Requires specific hardware

Acquiring Images in Interactive Mode
Using the Interactive acquisitionmode, you can acquire individual images with one or more optical or
illumination conditions (channels). Channels can accommodate brightfield, fluorescence, and other
microscopy techniques such as differential interference contrast (DIC) and phase contrast. For each
channel you can set a variety of specific camera settings. Images are acquired with each channel
using auto expose or the exposure time that you specify. You can configure as many channels as you
need.

Note: Interactive acquisitionmode supports acquisition of images usingmultiple channels, but
it does not support automatic acquisition at multiple stage positions, time points, or Z steps.
To acquire images using one or more channels at multiple stage positions, time points, or Z
steps, use theMultidimensional acquisitionmode.

Images acquired using the Interactive acquisitionmode are not automatically saved. You choose
which images should be saved either individually or together in a dataset. Datasets are saved in the
open experiment. Images that are snapped or acquired in Multidimensional acquisitionmode cannot
be saved in the same dataset as images that are acquired in Interactive acquisitionmode. The
filmstrip displays a vertical green line between images that cannot be saved to the same dataset.
Plane information is available for an image that was acquired using the Interactive acquisitionmode
only after you have saved the image into a dataset.

After images are acquired, you can view them as separate images using the individual channels or as
composite images using some or all of the channels. See Viewing Images in a Dataset.

This section describes how to:
l Configure an interactive acquisition

l Save images into a dataset
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Prerequisites

Before you configure a channel for an acquisition, determine if you plan to use an illumination setting.
See Creating Illumination Settings.

To configure an interactive acquisition

1. On theAcquisition Mode tab, select Interactive Acquisition, select the camera channel
and, optionally, select a hardware setting if one is needed to set themicroscope devices to
pre-defined positions.

2. On theMode: Interactive tab, inMagnification, select themagnification that you want to use
for the image acquisition.

3. On theMode: Interactive tab, click Configure to open the Acquisition dialog box.

You can also add, remove, and configure channels using the options that appear when
you select a channel in the Channel Series group on theMode: Interactive tab. All settings that
you select to define per channel in Step 14 also appear in the options in the Channel Series
group. Changes that youmake to channel settings on theMode: Interactive tab are reflected in
the Acquisition dialog box and changes that youmake in the dialog box are reflected on the
tab.

4. In theAcquisition dialog box, click Channels to expand the list of configured channels.

5. Click <None> to configure the first channel or click Add Channel to configure additional
channels.

An icon for the channel appears in the Channel Series group on theMode: Interactive tab. The
illumination setting that you select in Step 7 will be used as the channel name.

6. In theExposure field:

If you... Then...

do not plan to use auto expose for
this channel

type the exposure time to be used for the channel

plan to use auto expose for this
channel

type an exposure time that will be used if auto expose
fails to achieve the target intensity

Note: The Shutter button on the ribbon opens and closes all shutters that are set to
Active in the illumination setting that is used with the selected channel. See Creating
Illumination Settings for more information.

7. In the Illumination Setting field, select a setting from the list.

Illumination settings contain pre-defined information such as the wavelength and positions of
various components. For information about illumination settings, see Creating Illumination
Settings.
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8. To use auto expose for the channel, select theAuto Expose check box and follow Steps 9-
11. If you are not using auto expose, clear the check box and proceed to Step 12.

Note: If your sample is light sensitive, youmay want to minimize the number of auto
exposures.

9. In the Target Intensity field, type themaximum intensity value that auto exposure should
attempt to attain for the brightest pixel in the image. The default target intensity value is 75% of
themaximum intensity value that the camera driver is able to obtain. The target intensity will
determine the exposure time during auto expose.

10. In the Initial Exposure field, type the length of the first exposure attempt. Type an exposure
time that is well below the typical exposure time required for this type of experiment; generally,
the initial exposure time should be approximately one-tenth of the typical exposure time. If you
do not know the required exposure time, type 1 or 5 (or use the default value).

11. In theMaximum Exposure field, type the longest exposure time that you want to allow. Be
careful not to over expose your sample, whichmay result in bleaching, photo damage, or photo
toxicity.

12. In the Z Offset field, specify the difference between the focus position of the Z motor in this
channel and the focus position of the Z motor in the first channel. If the acquisition includes a Z
series, the entire Z series will be shifted by the Z offset distance.

Note: The Z Offset field is not available for the first channel that you define in the
Channels section.

In the example below, the position of the Z motor when the sample is in focus using Channel 1
is 500. The position of the Z motor when the sample is in focus using Channel 2 is 700. The
difference between the two positions is 200, so the Z offset distance is 200.

The next steps that you take depend on whether you want to use the displayed value of a camera
setting for all channels or if you want to set a specific camera setting for each channel. For example,
youmay want to use the same shutter state for all channels but use a different gain for each channel.
If you are using just one channel for your acquisition, you can leave all of the check boxes cleared and
type or select the values in this list (in this case there is no need to set the values for each channel).

13. Click Camera Settings to expand the list of camera settings. The units of measurement that
are shown for each camera setting reflect the range that the camera supports.
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Note: This list of camera settings shows only the settings that can be changed and
they are specific to the camera that is active and the acquisition that you are
configuring. See Camera Settings.

14. For each camera setting, decide if you want to set a value for all channels or set a specific
value for each channel:

To use... Then...

one value for all channels leave the check box next to the camera setting
cleared and type or select a value in the field next to
the camera setting

a specific value in each channel select the check box next to the camera setting; a
field for the camera setting that you selected is added
to each channel in the list of channel settings

Note: The binning value applies to all channels and cannot be set per channel.

15. If you are using different camera setting values for the channel, in the list of settings for that
channel, type or select the new value for the camera setting.

16. Optionally, configure focus stabilization.

17. Optionally, configure image autofocus.

18. After you have configured the acquisition, do one of the following:

To acquire an image... On the Mode: Interactive tab...

using one channel double-click the channel or select the channel
and click Snap

using all channels click Acquire All Channels

If you configuredmore than one channel, the Latest Image tab displays "slots" for each channel in the
image grid. If you acquired all channels, an image acquired with each channel appears in each slot
and a composite image appears in the filmstrip; if you acquired one channel, its slot updates to
display the image that was acquired using that channel. As you acquire subsequent images using
various channels, each image updates in the corresponding slot in the image grid.

If you acquire additional images with different attributes (for example, fewer channels or a larger
binning value), the filmstrip displays a green vertical line to separate images that have different
attributes. As explained in the next section, only images acquired with the same attributes can be
saved into the same dataset.

To save images into a dataset

In Interactive acquisitionmode, you can save acquired images into an existing dataset or into a new
dataset. Each time you save an image into a dataset, the image is saved as a separate stage
position. Images, whether multi-channel or single channel, can be saved together as a separate stage
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position in one dataset or in separate datasets. Saving as stage positions in a single dataset may
allow for easier comparisons of measurements made after acquisition. Saving as individual datasets
may make organization and reviewing simpler if you have acquired only a few images.

Only images that are consistent, such as having the same number of channels and same number of
pixels, can be saved together. The filmstrip provides guidance on which images can be saved
together. When you select (double-click) an image in the filmstrip, an orange border appears around
the image. If you select other images acquired with different channels, the orange border remains
around the images that can be saved together.

To savemore than one image into a dataset, the images must have the same:
l number of channels

l binning value

l camera area

l width and height

If you attempt to save an image into an existing dataset that contains images with a different number
of channels, binning, camera area, or size, theMetaMorph NX Software automatically creates a new
dataset and saves the image into it.

Initially, saving images is a two-step process: you set up the saving options and then you save the
images. However, you do not need to configure the saving options each time you save an image; you
can change the options only when you want to save an image in a different manner.

1. Set up the saving options:

If you want to... Then...

automatically
create a new
dataset each time
you save an image

click Save as Individuals and in theName Prefix field, type the prefix to use
for the name of the dataset that will be created for the image.

TheMetaMorph NX Software appends a number to the prefix and increments
the number by one each time you save an image using this option. For
example, if the name prefix is DatasetFLUOR, the dataset that is created
when you first save an image will be namedDatasetFLUOR1, and then when
you save a second image, the dataset that is created will be named
DatasetFLUOR2, and so on.
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If you want to... Then...

Once you create a dataset, you can add images to it using the Save into
Groups option described below.

save an image into
a dataset

click Save into Groups and do one of the following:

If the dataset... Then...

exists in theSaving to field, select the dataset that you want to
save the image to.

If the number of channels, binning, camera area, or size
of the image is different than the images already in the
selected dataset, a new dataset will be automatically
created for the image that you saved. TheMetaMorph NX
Software names the new dataset by appending a number
to the prefix displayed in the NamePrefix field.

does not yet exist click New Dataset and in theName Prefix field, type the
prefix to use for the dataset that will be created for the
image.

TheMetaMorph NX Software appends a number to the
prefix and increments the number by one each time you
save an image. For example, if the name prefix is
DatasetFLUOR, the dataset that is created when you
first save an image will be DatasetFLUOR1, and then
when you save another image, if you do not change the
prefix, the dataset that is created will be
DatasetFLUOR2, and so on.

Once you create a dataset, you can add images to it by
selecting the dataset in theSaving to field as described
above.

2. In the filmstrip, double-click the image or images that you want to save and then click Save.

Click Clear Display on theMode: Interactive tab to clear the images in the Latest
Image tab and remove the orange border around selected images. This option is especially
useful if you have already selectedmultiple images in the filmstrip but want to save, for
example, just one image acquired with one channel.

When you select more than one image to save, the images are displayed as a composite
image in the Latest Image tab. For example, if you select three images that were each
acquired with a different channel, the Latest Image tab overlays the three channels on one
image.
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If a dataset was created when you saved the image, a tab for the new dataset opens and
displays the saved image. If you saved an image into an existing dataset, youmay want to
open the dataset and verify that it contains the image that you saved.

The next time you acquire all channels or snap an image, the image grid clears the images that were
just saved and displays the new image.

Acquiring Images in Multidimensional Mode
By acquiring images of a fixed or living sample from various perspectives, amultidimensional
acquisition can provide a comprehensive view of overall cell morphology. The collected data can be
used to analyze both significant and subtle trends over time, fluctuations in intensity, changes in
shape and position, and so on.

Example
You could configure an acquisition to acquire images at 5 stage positions using DAPI and FITC
channels with a Z series that obtains images at 10 Z positions as well a single image at the center Z
position that will be acquired with transmitted light. Or, you can acquire an image every 5 seconds at
a particular site using an exposure of 80milliseconds and then every 2 seconds at another site using
an exposure of 100milliseconds. You can acquire some channels more frequently than others.

Although theMetaMorph NX Software provides advanced settings for configuring amultidimensional
image, in many cases you can configure an acquisition using just the options on the ribbon. The Time
Series group, Z Series group, and Stage Series group on theMode: Multidimensional tab each contain
a check box that you can use to include or exclude the series from the acquisition. For example:

You do not need to configure the acquisition series that comprise amultidimensional acquisition in
any particular order. However, during amultidimensional acquisition that contains a time series,
stage series, Z series, and channel series, theMetaMorph NX Software acquires images in the
following order:

1. Time point

2. Stage position

3. Center Z position or Z series

4. Channel
or

1. Time point

2. Stage position
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3. Channel

4. Center Z position or Z series

In the following illustration, images are acquired every 10milliseconds at 3 stage positions. At all time
points, a Z series of images is acquired using 2 channels. At the first and last time points, an image at
the center Z position is acquired using one channel.

Keep inmind that in a time lapse experiment, if you configure the acquisition to acquire additional
images, it will take longer to acquire a single time point. As a result, images may not be acquired at
the specified interval.

While configuring the acquisition, you can test your current settings by "snapping" a single image or
by displaying a live view. Snapped images are saved in the Scratch folder on the hard drive of your
computer. See Snapping an Image and Displaying a Live View.

When you start themultidimensional acquisition, theMetaMorph NX Software saves the acquired
images into a new dataset. Unless you specify that images should not be displayed as they are
acquired, the Latest Image tab continuously updates the display of themost recently acquired image.
This display helps you gauge the quality of the images as they are acquired, which can be especially
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useful for lengthy time series acquisitions. The Dataset tab updates the image display after images
are acquired at each time point. As images are being acquired, you can scale the images to adjust the
contrast of a channel or channels. See Scaling Images. Also, at any time, you can rearrange the
display of the images in the Dataset tab. See Viewing Images in a Dataset.

Note: If an experiment is not open when you start an acquisition, theMetaMorph NX Software
will create one to contain the new dataset.

A separate window within the Latest Image tab displays the status of the acquisition as well as a
histogram for each channel. TheMetaMorph NX Software reports the number of images acquired, as
well as the current time point in a time series if applicable, stage position if applicable, channel, and Z
position if applicable. Other statistics may also be reported to help youmonitor progress.

At any time, you can pause the acquisition, adjust certain settings, and then continue the acquisition.
If you stop the acquisition, all of the images that were acquired through the last full time point are
automatically saved. See Pausing or Stopping an Acquisition.

Once themultidimensional image acquisition is complete, theMetaMorph NX Software automatically
saves the acquisition settings, or protocol, as a separate file in the dataset folder. Later, when you
want to configure the same or a similar experiment, you can save time by loading the saved
acquisition protocol. By using a saved acquisition protocol, you can ensure that an experiment is
repeated with the same acquisition settings. See Saving and Loading Acquisition Settings.

TheMetaMorph NX Software saves acquired images from amultidimensional acquisition in a new
dataset in a dataset folder. To specify the prefix for new dataset names, use the options in the
Administration dialog box. See theMetaMorph® NXMicroscopy Automation & Image Analysis
Software System Administrator Guide for more information.

Note: If you specify a dataset name prefix for amultidimensional image acquisition and then
you specify a new dataset name prefix for an interactive image acquisition, the new prefix
overwrites the existing prefix. Before you acquire amultidimensional image, make sure the
dataset name prefix is correct. You cannot rename or delete datasets once they are created.

In the dataset folder, the image file name reflects the time point, stage position, channel, and Z step
of the image.

Example
The filename t2s1c1.tif is an image that was acquired at the third time point in the time series, at the
second stage position in the stage series, using the second channel in the channel series. (Keep in
mind that theMetaMorph NX Software begins counting time points, stage positions, Z steps, and
channels at zero.)

Plane information for the new dataset is listed on theMeasure tab. See Viewing Plane Information.
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You can combine up to four types of acquisition series to create amultidimensional image:
l Channel series (amultidimensional acquisitionmust include at least one channel)

l Stage series

l Z series

l Time series

Setting the Camera Area for Acquisition
TheMetaMorph NX Software acquires images using either the full chip area of the camera or the area
that is displayed in the image grid. When you set the camera area, a snapped image of the area
appears in the Latest Image tab and a thumbnail of the image appears in the filmstrip.

Typically, you begin by selecting the full chip area of the camera.Then, if you want to acquire a
smaller area, you can zoom in until just the area that you want to acquire is displayed, and set it as
the camera area.

After you have defined the camera area to use for acquisition, you can configure other parts of the
acquisition such as stage positions, a Z series, channels, or a time series.

To set the camera area

1. On theMode: Interactive tab orMode: Multidimensional tab, inCamera, click the Full
Chip button . If you want to acquire the full chip area, you do not need to follow the
remaining steps in this procedure.

TheMetaMorph NX Software snaps an image of the full chip area of the camera using the
selected channel.

2. Use the wheel on your mouse to zoom in on the snapped image until just the area that you
want to acquire is displayed in the image grid.

3. On theMode: Interactive tab orMode: Multidimensional tab, inCamera, click theCurrent
View button .

TheMetaMorph NX Software snaps an image of the area displayed in the Latest Image tab
using the selected channel, resizing the image to the area that will be used for acquisition.

Configuring Channels for a Multidimensional
Acquisition
You can acquire images using one or more optical or illumination conditions (channels). Channels can
accommodate brightfield, fluorescence, and other microscopy techniques such as differential
interference contrast (DIC) and phase contrast. For each channel you can set a variety of specific
camera settings. You can also indicate whether a Z series of images should be acquired using the
channel, and you can specify a Z motor adjustment for the channel. Images are acquired with each
channel using auto expose or the exposure time that you specify.
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Example
You can usemultiple channels to acquire a transmitted light image and two fluorescent images. You
can set different exposure times for each channel. You can specify that auto expose be used for
some or all channels.

A channel series can be used alone to acquire multiple channels at one location at one time point. Or
a channel series may be part of an acquisition that acquires images with multiple channels at multiple
locations over time. You can configure as many channels as you need.

After images are acquired, you can view them as separate images using the individual channels or as
composite images using some or all of the channels. See Viewing Images in a Dataset.

Use the options in the Channel Series group on theMode: Multidimensional tab to define basic
settings for one or more channels. Use the Acquisition dialog box to define basic and advanced
settings for one or more channels.

Mode: Multidimensional Tab
Channel Settings

Acquisition Dialog Box Channel Settings

Illumination setting Illumination setting

Exposure time Exposure time

All settings that you selected to
define per channel in the Acquisition
dialog box

Auto expose settings, if applicable

Camera specific settings, such as gain

Center Z image acquisition, if applicable

Z offset distance between channels

Frequency and rate of channel acquisition

Prerequisites

Before you configure a channel for an acquisition, determine if you plan to use an illumination setting.
See Creating Illumination Settings.

To configure a channel

1. On theAcquisition Mode tab, selectMultidimensional, select the camera channel and,
optionally, select a hardware setting if one is needed to set themicroscope devices to pre-
defined positions. (You will select magnification and illumination settings as described below.)

2. On theMode: Multidimensional tab, inMagnification, select themagnification you want to
use for the acquisition.

3. On theMode: Multidimensional tab, click Configure to open the dialog box.

You can also add, remove, and configure channels using the options that appear when
you select a channel in the Channel Series group on theMode: Multidimensional tab. All
settings that you select to define per channel in Step 19 also appear in the options in the
Channel Series group. Changes that youmake to channel settings on theMode:
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Multidimensional tab are reflected in the Acquisition dialog box and changes that youmake in
the dialog box are reflected on the tab.

4. In theAcquisition dialog box, select theChannels check box to indicate that the acquisition
will include a channel series, and then click Channels to expand the list of settings.

5. Click <None> to configure the first channel or click Add Channel to configure additional
channels.

An icon for the channel appears in the Channel Series group on theMode: Multidimensional
tab. The illumination setting that you select in Step 7 will be used as the channel name.

6. In theExposure field:

If you... Then...

do not plan to use auto expose for
this channel

type the exposure time to be used for the channel

plan to use auto expose for this
channel

type an exposure time that will be used if auto expose
fails to achieve the target intensity

Note: The Shutter button on the ribbon, which opens and closes the shutter, is
available only if the shutter is set to Active in the illumination setting used with the
selected channel. The Shutter button will open and close all shutters that are set to
Active in the illumination setting. See Creating Illumination Settings for more
information.

7. In the Illumination Setting field, select a setting from the list.

Illumination settings contain pre-defined information such as the wavelength and positions of
various components. For information about illumination settings, see Creating Illumination
Settings.

8. To use auto expose for the channel, select theAuto Expose check box and follow Steps 9-
13. If you are not using auto expose, clear the check box and proceed to Step 14.

Note: If your sample is light sensitive, youmay want to minimize the number of auto
exposures.

9. In theAuto Expose Frequency field:

Select... To auto expose...

Every Point at every time point (auto exposing at every time point will
slow down acquisition and will increase the sample's
exposure to light)

First at only the first time point (auto exposing at the first time
point will ensure consistent exposure times for the channel
throughout the time lapse)

Every Nth Point at specific time intervals (specified in the next step); for
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Select... To auto expose...

example, you could auto expose at every tenth time point to
accommodate photo bleaching

If the acquisition does not include a time series, auto expose will occur at the first time point.

10. If you selected EveryNthPoint in the previous step, in theAuto Expose Rate field type the
time point interval at which auto exposing should occur; for example, type 3 to auto expose at
every third time point. Keep inmind that the first time point in a time series is always 0 (zero).

11. In the Target Intensity field, type themaximum intensity value that auto exposure should
attempt to attain for the brightest pixel in the image. The default target intensity value is 75% of
themaximum intensity value that the camera driver is able to obtain. The target intensity will
determine the exposure time during auto expose.

12. In the Initial Exposure field, type the length of the first exposure attempt. Type an exposure
time that is well below the typical exposure time required for this type of experiment; generally,
the initial exposure time should be approximately one-tenth of the typical exposure time. If you
do not know the required exposure time, type 1 or 5 (or use the default value).

13. In theMaximum Exposure field, type the longest exposure time that you want to allow. Be
careful not to over expose your sample, whichmay result in bleaching, photo damage, or photo
toxicity.

14. Select Center Z Only if you have configured a Z series but you want to acquire only one
image at the center Z position using this channel. If you have configured a Z series and you
want to acquire the entire Z series using the channel, leave the Center Z Only check box
unselected.

15. In the Z Offset field, specify the difference between the focus position of the Z motor in this
channel and the focus position of the Z motor in the first channel. If the acquisition includes a Z
series, the entire Z series will be shifted by the Z offset distance.

Note: The Z Offset field is not available for the first channel that you define in the
Channels section.

In the example below, the position of the Z motor when the sample is in focus using Channel 1
is 500. The position of the Z motor when the sample is in focus using Channel 2 is 700. The
difference between the two positions is 200, so the Z offset distance is 200.
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16. In theAcquisition Frequency field, select the time points at which images should be
acquired using the channel:

Select... To acquire images using the channel...

Every Point at every time point

First at only the first time point

Every Nth Point at specific time intervals (specified in the next step)
starting at the first time point; for example, you could
acquire images using the channel at every third time point

First and Last at the first time point and the last time point

If the acquisition does not include a time series, images are acquired at the first time point.

17. If you selected Every Nth Point in the previous step, then in theAcquisition Rate field, type
the time point interval at which you want to acquire images with the channel. For example, if
you want to use the channel only every third time point, type 3 in this field. Keep inmind that
the first time point in a time series is always zero (0).

The next steps that you take depend on whether you want to use the displayed value of a camera
setting for all channels or if you want to set a specific camera setting for each channel. For example,
youmay want to use the same shutter state for all channels but use a different gain for each channel.
If you are using just one channel for your acquisition, you can leave all of the check boxes cleared and
type or select the values in this list (in this case there is no need to set the values for each channel).

18. Click Camera Settings to expand the list of camera settings. The units of measurement (for
example, ms or sec) that are shown for each camera setting reflect the range that the camera
supports.

Note: This list of camera settings shows only the settings that can be changed and
they are specific to the camera that is active and the acquisition that you are
configuring. See Camera Settings.

19. For each camera setting, decide if you want to set a value for all channels or set a specific
value for each channel:

To use... Then...

one value for all channels leave the check box next to the camera setting
cleared and type or select a value in the field
next to the camera setting

a specific value in each channel select the check box next to the camera
setting; a field for the camera setting that you
selected is added to each channel in the list of
channel settings

Note: The binning value applies to all channels and cannot be set per channel.
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20. If you are using different values for the channel, in the list of settings for the channel, type or
select the new value for the camera setting.

21. If the acquisition includes a Z series, select theCenter Z Only check box to acquire an image
at just the center Z position using the channel, or clear the check box to acquire the entire Z
series using the channel. See Configuring a Z Series Acquisition.

22. To test the current device positions and settings, at the top of theAcquisition dialog box,
click theSnap button that corresponds to the channel that you want to use for testing or
double-click the icon of the channel on theMode: Multidimensional tab. TheMetaMorph NX
Software opens the Latest Image tab and displays a single new image using the selected
channel. You can use the snapped image as a guide for adjusting your settings. See Snapping
an Image.

23. Optionally, configure other parts of the acquisition before acquiring images. See Configuring a
Time Series Acquisition, Configuring a Stage Series Acquisition, Configuring Image
Autofocus, Using Focus Stabilization, or Configuring a Z Series for Acquisition.

24. Select theDo Not Update Display check box to indicate that images should not be displayed
as they are acquired (in this case, the new dataset is not added to the experiment until the
acquisition is complete), or clear the check box to indicate that the Latest Image tab should
display themost recently acquired image and that the images should appear in a new Dataset
tab as they are acquired.

25. Click Acquire.

If the DoNot Update Display check box is cleared, theMetaMorph NX Software opens the
Latest Image tab which displays themost recently acquired image. This image helps you
gauge the quality of the images as they are acquired, which can be especially useful for
lengthy time series acquisitions. During acquisition, theMetaMorph NX Software saves the
acquired images into a new dataset. You can review images as they are acquired by
displaying the Dataset tab. See Viewing Images in a Dataset for more information.

Note: If an experiment is not open when you start an acquisition, MetaMorph NX will
create one to contain the new dataset.

A separate window within the Latest Image tab displays the status of the acquisition as well as a
histogram for each channel. TheMetaMorph NX Software reports the number of images acquired, as
well as the current time point in a time series if applicable, stage position if applicable, channel, and Z
position if applicable. Other statistics may also be reported to help youmonitor progress.

Configuring Stage Positions for a Multidimensional
Acquisition
If you have a stagemotor, you can designate the stage positions (specific sites) in your sample
where images will be acquired. Images are acquired at each stage position in the order that the
positions are listed in the stage series.

The Stage Series group on theMode: Multidimensional tab shows a "map" of the stage positions that
are defined for the current acquisition. When you add or remove stage positions, themap updates
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accordingly. For example, themap below shows that the acquisition is configured to acquire images
at three stage positions:

TheMetaMorph NX Software automatically provides a "label" that stores stage position information
when an image is acquired. You can use this label or provide your ownwhen you configure the stage
position. Label information is available in the Plane Informationmeasurement set.

CAUTION! Be aware of the position of the stage relative to both the objective and the
condenser of themicroscope. A motorized stagemay collide into either of thesemicroscope
components, possibly causing damage.

Use the options on theMode: Multidimensional tab to define the basic settings for a stage series. Use
the Acquisition dialog box to define basic and advanced settings for a stage series.

Mode: Multidimensional Tab
Stage Series Settings

Acquisition Dialog Box Stage Series Settings

Update selected stage position to
use the current stage position

Update selected stage position to use the current stage position

Add, remove, or go to stage
positions

Add, remove, or go to stage positions

Define the travel offset distance and whether travel offset is
used for a stage position

Define the stage label

Set the focus adjustment value for the stage position if you are
using focus stabilization (requires specific hardware)

Prerequisites

Install and configure the appropriate hardware device driver for your stage as described in Installing
and Loading Hardware Device Drivers.

Set the X and Y points of origin and, if more than one stage is installed, specify which stage should be
used for image acquisition as described in Designating Z Motors and Stages for Acquisition.

To configure a stage series

1. On theAcquisition Mode tab, selectMultidimensional, select the camera channel and,
optionally, select a hardware setting if one is needed to set themicroscope devices to pre-
defined positions.
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2. On theMode: Multidimensional tab, inMagnification, select themagnification you want to
use for the acquisition.

3. On theMode: Multidimensional tab, click Configure to open the Acquisition dialog box.

4. In theAcquisition dialog box, select theStage Series check box to indicate that the
acquisition will include a stage series, and then click Stage Series to expand the list of
settings.

5. If a Z motor is installed and you want to make sure that the objective has adequate clearance
during stagemovements, in the Travel Offset field, type the distance that themotor should
descend before the stagemoves. After the stagemoves to the next position, the objective will
return to its initial position.

6. Move the stage to the first position at which images will be acquired and then click Add.

The stage position coordinates appear in a new row in the stage series.

You can also type the coordinates of a stage position in theX andY fields (and Z or Z2 fields, if
applicable).

Note: If the acquisition includes a Z series, the Z position defined in the stage position
will be the center position of the Z series. The center Z positionmay vary between
stage positions. See Configuring a Z Series for Acquisition.

Go Tomoves the stage to the defined stage position.

7. To edit an existing stage position so that it uses the current X, Y, and Z positions, click
Update.

8. If you are using focus stabilization hardware, bring the image into focus and click Set Focus.

Depending on the type of hardware that you are using, either the Focus Adjustment field
displays the surface-to-focal plane distance or theMemorized field displays Yes to indicate
that the focus is set. See Using Focus Stabilization.

9. In the Label field, leave the stage position label as is or type your own label name.

This label will be included in the plane information that is saved with the images when they are
acquired at this stage position.

10. Optionally, select theUse Travel Offset check box to instruct themotor to descend before
moving to the specified stage position.

11. Repeat Steps 6-10 for each stage position that you want to add to the series.

12. Optionally, configure other parts of the acquisition before acquiring images. See Configuring a
Time Series Acquisition, Configuring Channels for Acquisition, Configuring Image Autofocus,
Using Focus Stabilization, or Configuring a Z Series for Acquisition.

13. Select theDo Not Update Display check box to indicate that images should not be displayed
as they are acquired (in this case, the new dataset is not added to the experiment until the
acquisition is complete), or clear the check box to indicate that the Latest Image tab should
display themost recently acquired image and that the images should appear in a new Dataset
tab as they are acquired.
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14. When you have configured the acquisition, click Acquire.

If the DoNot Update Display check box is cleared, theMetaMorph NX Software opens the
Latest Image tab which displays themost recently acquired image. This image helps you
gauge the quality of the images as they are acquired, which can be especially useful for
lengthy time series acquisitions. During acquisition, theMetaMorph NX Software saves the
acquired images into a new dataset. You can review images as they are acquired by
displaying the Dataset tab. See Viewing Images in a Dataset.

Note: If an experiment is not open when you start an acquisition, MetaMorph NX will
create one to contain the new dataset.

A separate window within the Latest Image tab displays the status of the acquisition as well as a
histogram for each channel. TheMetaMorph NX Software reports the number of images acquired, as
well as the current time point in a time series if applicable, stage position if applicable, channel, and Z
position if applicable. Other statistics may also be reported to help youmonitor progress.

Configuring a Z Series for a Multidimensional
Acquisition
A Z series acquires images at multiple Z positions. These images are sometimes referred to as the
"optical sections" that are perpendicular to the Z axis. A collection of optical sections provides a
through-focus view of the sample. A Z series can be used alone to obtain a through-focus view of one
location at one time point using a single channel. Or a Z series may be part of amultidimensional
acquisition that acquires images over time at multiple locations usingmultiple channels.

When you configure a Z series, you specify the number of Z steps at which images will be acquired,
as well as where along the Z axis the images should be acquired. If your acquisition includes more
than one channel, you can specify whether the Z series is acquired with all channels in the acquisition
or with specific channels. When the Z series acquisition begins, the Z motor moves the objective to
the lowest Z position that you have defined, and then images are acquired as the objectivemoves up
the Z axis.

If your acquisition includes both autofocus and a Z series,theMetaMorph NX Software first performs
the autofocus and then acquires the Z series of images.

The Z series illustrated below contains 5 Z steps, a Z range of 4, and a Z step size of 1:
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Use theMode: Multidimensional tab to define the basic settings for a Z series. Use the Acquisition
dialog box to define basic and advanced settings for a Z series. By default, all channels are acquired
at a specific Z position before all channels are acquired at the next Z position. To acquire a Z series
for one channel at a time (loop the Z series within the channel), change the setting in the Acquisition
dialog box.

Mode: Multidimensional Tab Z
Series Settings

Acquisition Dialog Box Z Series Settings

Current Z position Current Z position

Z step size Z step size

Z range Z range

Number of Z steps

Looping (whether all channels are acquired at a specific Z
position before all channels are acquired at the next Z position
or whether the Z series is acquired using a channel before
acquiring the Z series using another channel)

Prerequisites

A Zmotor must be installed and configured. See Installing and Loading Hardware Device Drivers.

If more than one Z motor is installed or you plan to use two Z motors for image acquisition, youmust
designate which Z motor should be used for a Z series, autofocus, and travel offset as described in
Designating Z Motors and Stages for Acquisition.
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To configure a Z series

1. On theAcquisition Mode tab, selectMultidimensional, select the camera channel and,
optionally, select a hardware setting if one is needed to set themicroscope devices to pre-
defined positions.

2. On theMode: Multidimensional tab, inMagnification, select themagnification you want to
use for the acquisition.

3. On theMode: Multidimensional tab, click Configure to display the Acquisition dialog box.

4. In theAcquisition dialog box, select the Z Series check box to indicate that the acquisition
will include a Z series, and then click Z Series to expand the list of settings.

You can also specify the Z series step size and the Z range in the Z Series group on the
Mode: Multidimensional tab.

5. Move the Z motor so that it is focused on approximately the center of the sample. TheCurrent
Z Position field updates as youmove the Z motor.

Typically, just manually positioning the Z motor so that the center of the sample is in focus is
sufficient. However, to calculate the exact center of the sample, move the Z motor so that the
bottom of the sample is in focus and note the Z position. Then, move the Z motor so that the
top of the sample is in focus and note the Z position. Using the top and bottom Z positions,
calculate the center Z position. You can also use image autofocus to determine the center Z
position.

When images are being acquired, the value of the Current Z Position field will update to reflect
the current position of the Z motor. Once the acquisition is complete, the Z motor will return to
its initial position.

Note: If the acquisition includes a stage series, the Z position that is defined for each
stage position is used as the center Z position for the Z series. The center Z position
may vary between stage positions. See Configuring Stage Positions for Acquisition.

6. Select the Loop Within Channel check box to acquire a Z series for one channel at a time or
clear the check box to acquire all channels at a specific Z position before all channels are
acquired at the next Z position.

7. In the Z Step Size field, type the distance (along the Z axis) between each image that will be
acquired. The step size is usually based on the depth of field of the objective.

Note: The units of measurement for the Z axis positions are based on the Z motor
configuration. For information about device configuration, see Installing and Loading
Hardware Device Drivers.

8. In the Z Range field, type the total distance (along the Z axis) within which all of the Z images
will be acquired. The Z range value always equals the number of steps minus onemultiplied by
the step size.

You do not necessarily need to know the exact Z range. You can just set the range so that
the Z series encompasses the area that you want to acquire.
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9. In the Z Steps field, type the total number of images that will be acquired (an image is acquired
at each Z step).

10. To test the current device positions and settings, at the top of theAcquisition dialog box,
click theSnap button that corresponds to the channel that you want to use for testing or
double-click the icon of the channel on theMode: Multidimensional tab. TheMetaMorph NX
Software opens the Latest Image tab and displays a single new image using the selected
channel. You can use the snapped image as a guide for adjusting your settings. See Snapping
an Image.

11. Optionally, configure other parts of the acquisition before acquiring images. See Configuring a
Time Series Acquisition, Configuring a Stage Series Acquisition, Configuring Image
Autofocus, Using Focus Stabilization, or Configuring Channels for Acquisition.

12. Select theDo Not Update Display check box to indicate that images should not be displayed
as they are acquired (in this case, the new dataset is not added to the experiment until the
acquisition is complete), or clear the check box to indicate that the Latest Image tab should
display themost recently acquired image and that the images should appear in a new Dataset
tab as they are acquired.

13. When you have configured the acquisition, click Acquire.

If the DoNot Update Display check box is cleared, theMetaMorph NX Software opens the
Latest Image tab which displays themost recently acquired image. This image helps you
gauge the quality of the images as they are acquired, which can be especially useful for
lengthy time series acquisitions. During acquisition, MetaMorph NX saves the acquired
images into a new dataset. You can review images as they are acquired by displaying the
Dataset tab. See Viewing Images in a Dataset for more information.

Note: If an experiment is not open when you start an acquisition, theMetaMorph NX
Software will create one to contain the new dataset.

A separate window within the Latest Image tab displays the status of the acquisition as well as a
histogram for each channel. TheMetaMorph NX Software reports the number of images acquired, as
well as the current time point in a time series if applicable, stage position if applicable, channel, and Z
position if applicable. Other statistics may also be reported to help youmonitor progress.

Configuring a Time Series for a Multidimensional
Acquisition
A time series acquisition captures processes and events in your experiment as they happen. When
you configure a time series acquisition, you specify that images will be acquired at specific intervals
of time for as long as you indicate. A time series can consist of one or more time segments. For
example, the time series shown below contains two time segments:
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If an acquisition contains more than one time segment, the interval between the last time point in the
current segment and the first time point in the next segment is the interval defined in the current time
segment. For example, if the first time segment contains three time points with a five second interval
and the second time segment contains three time points with a one second interval, five seconds will
pass between the end of the first segment and the start of the second segment.

An acquisition can run for as long as necessary. The duration of a time series acquisition is limited
only by the viability and light sensitivity of the sample or by the amount of disk space available for
acquired images.

Example
You can use a time series acquisition to acquire an image every 10 seconds using an exposure of 100
milliseconds and then every 5 seconds using the same exposure. Or, the time series that you
configuremight be one part of a lengthy experiment that acquires a Z series of images at 5 stage
positions every 15minutes for 48 hours using DAPI and FITC channels.

Use the options in the Time Series group on theMode: Multidimensional tab to define one time
segment. Use the Acquisition dialog box to definemore than one time segment, and to add or remove
time segments.

To configure a time series

1. On theAcquisition Mode tab, selectMultidimensional, select the camera channel and,
optionally, select a hardware setting if one is needed to set themicroscope devices to pre-
defined positions.

2. On theMode: Multidimensional tab, inMagnification, select themagnification you want to
use for the acquisition.

3. On theMode: Multidimensional tab, click Configure to open the Acquisition dialog box.

4. In theAcquisition dialog box, select the Time Series check box to indicate that the
acquisition will include a time series, and then click Time Series to expand the list of settings.

If your acquisition contains just one time segment, you can adjust the intervals and
duration for the time segment using the options on theMode: Multidimensional tab. Or, you
can set these values in the Acquisition dialog box as described below. Changes that youmake
to the time segment on theMode: Multidimensional tab are reflected in the dialog box and
changes that youmake in the dialog box are reflected on the tab.

5. Select the Time Series check box to indicate that the acquisition will include a time series and
then click Time Series to expand the list of settings.

6. In the Interval field, type the amount of time that should pass between image acquisitions.
Type 0 (zero) if you want to acquire images as fast as possible.
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Note: If the acquisition cannot be accomplished in a time period shorter than the
interval (for example, if the time required for exposure and collecting a Z series is longer
than the interval specified), the acquisition will move to the next time point as soon as
the current time point is completed. That is, theMetaMorph NX Software will acquire all
required images at a time point, even if the specified interval is not achieved. As a
result, your dataset may not contain as many time points as you expected.

7. In theDuration field, type the total amount of time in which images should be acquired. A
change in this value automatically updates the number of time points. The Duration field is
unavailable if the interval is set to 0.

Note: The acquisition ends as soon as the duration ends, even if the acquisition has not
acquired images at all time points. To extend the duration of an acquisition while
images are being acquired, pause the acquisition, extend the duration, and then resume
the acquisition. See Pausing or Stopping an Acquisition.

As you type values in the time series fields, theMetaMorph NX Software uses those values to
calculate other fields in the time series. For example, if you type 10 in the Interval field and
then 40 in the Duration field, the Number of Points field will display 5. Duration is calculated
with a starting time point of zero (0). The duration equals the number of points minus one
multiplied by the interval.

The Number of Points field indicates the total number of times that images will be acquired in
this time series.

8. To add another time segment, click Add and repeat Steps 6 and 7.

9. Optionally, configure other parts of the acquisition before acquiring images. See Configuring
Channels for Acquisition, Configuring a Stage Series Acquisition, Configuring Image
Autofocus, Using Focus Stabilization, or Configuring a Z Series for Acquisition.

10. Select theDo Not Update Display check box to indicate that images should not be displayed
as they are acquired (in this case, the new dataset is not added to the experiment until the
acquisition is complete), or clear the check box to indicate that the Latest Image tab should
display themost recently acquired image and that the images should appear in a new Dataset
tab as they are acquired.

11. When you have configured the acquisition, click Acquire.

If the DoNot Update Display check box is cleared, theMetaMorph NX Software opens the
Latest Image tab which displays themost recently acquired image. This image helps you
gauge the quality of the images as they are acquired, which can be especially useful for
lengthy time series acquisitions. During acquisition, theMetaMorph NX Software saves the
acquired images into a new dataset. You can review images as they are acquired by
displaying the Dataset tab. See Viewing Images in a Dataset for more information.

Note: If an experiment is not open when you start an acquisition, theMetaMorph NX
Software will create one to contain the new dataset.
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A separate window within the Latest Image tab displays the status of the acquisition as well as a
histogram for each channel. TheMetaMorph NX Software reports the number of images acquired, as
well as the current time point in a time series if applicable, stage position if applicable, channel, and Z
position if applicable. Other statistics may also be reported to help youmonitor progress.

Designating Z Motors and Stages for Acquisition

Note: If only one Z motor and one stagemotor are installed, you do not need to follow the
procedure described in this section. By default, theMetaMorph NX Software will use the
installed Z motor and stagemotor.

You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

If more than one Z motor is installed, youmust designate which Z motor should be used for image
acquisition. TheMetaMorph NX Software supports the use of up to two Z motors for acquisition. If
you plan to use two Z motors, youmust designate whichmotor should be used for acquiring a Z
series, image autofocusing and focus stabilization, and the travel offset distance.

Best Practice
Designate the same Zmotor for both autofocusing and acquiring a Z series. If youmust use different
motors, designate themotor that can travel the greatest range along the Z axis (typically the larger
and slowermotor) for autofocusing. A fast motor is more likely to drift out of the autofocus range while
a slowermotor is better able to stay within the autofocus range.

If more than one stage is installed, youmust designate which stagemoves along the X axis and
which stagemoves along the Y axis. TheMetaMorph NX Software supports the use of up to two
stages for acquisition.

The StageMotor Designations dialog box also contains options for setting a point of origin. See
Setting a Point of Origin.

Prerequisites

Youmust install and configure the appropriate hardware device drivers for your Z motors or stages as
described in Installing and Loading Hardware Device Drivers.

To designate up to two Z and stage motors

1. On theHardware Setup tab, inStage, click the dialog box launcher in the lower right corner
of the group.

2. In theStage Motor Designations dialog box, in the Z Motor field, select the Z motor.

3. If more than one Z motor is installed but you plan to use only one Z motor for image acquisition,
in the Z2 Motor field, select None; otherwise, select the Z2motor.

4. If you plan to use two Z motors for image acquisition, designate the Z motor to use for
acquiring a Z series, the Z motor to use for image autofocus and focus stabilization, and the Z
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motor that will move the travel offset distance as defined in the stage series for acquisition.

5. In theStage X and Stage Y fields, select the Stage X and Stage Y motors.

Note: Although youmust designate a stagemotor to move along the X axis and another
stagemotor to move along the Y axis, in almost all cases the X and Y motors belong to
the same stage; that is, typical stage configurations do not include an X stagemotor
from onemanufacturer and a Y motor from a different manufacturer.

Setting a Point of Origin
You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

A point of origin sets a specific X, Y, and Z position as a reference point. When you set the point of
origin, the current X, Y, and Z positions are set to zero. As youmove the stage and Z motors, you can
use the point of origin to gauge the position of themotors relative to the point of origin. If the stage you
are using has a hardware-specific "Home" position, you should set the point of origin to that position.

Example
If you set the point of origin at the center of a slide, the X, Y, and Z positions at the center of the slide
are set to zero. Then, suppose youmove the stage so that the X and Y positions are 4000 and 5000.
Using the point of origin as a reference, you will know that the stage is 4millimeters to the right of the
center of the slide and 5millimeters below the center of the slide. To find the center of the slide again,
you can simply move the stage and Z motors until the X, Y, and Z positions return to zero.

You set the point of origin in the StageMotor Designations dialog box. This dialog box also contains
options for designating Z and stagemotors for acquisition if more than onemotor is installed. See
Designating Stage and Z Motors for Acquisition.

Prerequisites

Youmust install and configure the appropriate hardware device drivers for your Z motors or stages as
described in Installing and Loading Hardware Device Drivers.

To set a point of origin

1. On theHardware Setup tab, inStage, click the dialog box launcher in the lower right corner
of the group.

2. Move the Z motor to the point of origin (the Z motor position is shown in the Z field on the
Hardware Setup tab) and then, in theStage Motor Designations dialog box, click Set Origin
for the Z motor.

The position shown in the Z field on the Hardware Setup tab changes to 0 (zero) to indicate
that the current position of the Z motor is now the point of origin.

3. If you are using a second Z motor, move it to the point of origin (the second Z motor position is
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shown in the Z2 field on the Hardware Setup tab) and click Set Origin for the second Z motor.

The Z2 position displayed in the field on the Hardware Setup tab changes to 0 (zero) to indicate
that the current position of the Z2motor is now the point of origin.

4. Move the stage to the point of origin (the X and Y positions are shown in the X and Y fields on
the Hardware Setup tab) and click Set Origin for the X and Y motors.

The positions in the X and Y fields on the Hardware Setup tab change to 0 (zero) to indicate
that the current position of the stage is now the point of origin.

Displaying a Live View
As you adjust devices and illumination conditions, you can test the current settings by displaying a
live view of the image. Although the live view continuously displays new images, theMetaMorph NX
Software does not automatically save these images.

Note: The Shutter button on the ribbon, which opens and closes the shutter, is available
only if the shutter is set to Active in the illumination setting used with the selected channel.
The Shutter button will open and close all shutters that are set to Active in the illumination
setting. See Creating Illumination Settings for more information.

This section describes how to:
l Display a live view while configuring hardware settings

l Display a live view while configuring an image acquisition

To display a live view while setting up the microscope

You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

1. On theMode: Multidimensional tab orMode: Interactive tab, select the channel to use for
the live view.

2. In the Live Binning field type the binning value to use for the live view.

Note: The camera driver may only support certain binning values.

3. On theHardware Setup tab, if needed, click Auto Expose to automatically calculate and set
the exposure time for the live view. See Using Auto Expose.

4. Click Live.

The live view appears in the Live Display tab.
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You can adjust the binning value while the Live Display tab is open, you can zoom in on
the live view, and you can scale the channel that is displayed.

5. To stop the live display, click Live again or close the Live Display tab.

To display a live view while configuring an image acquisition

1. On theMode: Multidimensional tab orMode: Interactive tab, select the channel to use for
the live view.

2. In the Live Binning field type the binning value to use for the live view.

Note: The camera driver may only support certain binning values.

3. If needed, adjust the exposure time for the channel or click Auto Expose to automatically
calculate and set the exposure time for the live view. See Using Auto Expose.

4. Click Live.

The live view appears in the Live Display tab.

You can adjust the binning value while the Live Display tab is open, you can zoom in on
the live view, and you can scale the channel that is displayed.

5. To stop the live display, click Live again or close the Live Display tab.

Snapping an Image
As you adjust devices and illumination conditions and as you configure amultidimensional
acquisition, you can quickly test the current settings by "snapping" an image. If you are using the
Interactive acquisitionmode, snapping an image acquires a single image.

You can snap an image in one of three ways:
l while configuring hardware settings (described below)

l using a specific channel while in Multidimensional acquisitionmode (described below)

l using one or all channels while in Interactive acquisitionmode (see Acquiring Images in
InteractiveMode)

TheMetaMorph NX Software also snaps an image when you test auto exposure or image autofocus
before acquiring an image, or when you set the camera area for acquisition. These snapped images
are not saved as part of a dataset but are saved in the Scratch folder on the hard drive of your
computer. See Using Auto Expose, Configuring Image Autofocus, or Setting the Camera Area for
Acquisition.

Note: If youmanually move a filter wheel or other illumination device and then snap an image,
the snapped image reflects the actual position of the device rather than the illumination setting
that is selected.
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To snap an image while configuring hardware settings

You must be able to access the Hardware Setup tab to perform the tasks described in this
section. See your system administrator for more information.

1. On theMode: Interactive tab orMode: Multidimensional tab, select the channel that you
want to use for the snapped image.

2. On theHardware Setup tab, inSelect Settings, select the hardware andmagnification
setting that you want to use for the snapped image and, if needed, make adjustments to the
stage and Z motor positions.

3. On theHardware Setup tab, if needed, click Auto Expose to automatically calculate and set
the exposure time for the live view. See Using Auto Expose.

4. On theHardware Setup tab, inCamera, type the binning value to use for the snapped image
in theSnap Binning field .

Note: The camera driver may only support certain binning values.

5. Click Snap.

The snapped image appears in the Latest Image tab and a thumbnail of the image appears in
the filmstrip. Each subsequently snapped image is also placed in the filmstrip so that you can
compare images snapped with different settings. Snapped images are saved in the Scratch
folder on the hard drive of your computer.

To snap an image while in Multidimensional acquisition mode

In Multidimensional acquisitionmode, you can snap an image using one channel.
1. On theAcquire tab, inCamera, type the binning value to use for the snapped image in the

Snap Binning field .

Note: The camera driver may only support certain binning values.

2. Do one of the following:

l InChannel Series, select the channel to use for the snapped image; if needed, adjust
the exposure time and then double-click the icon of the channel or click Snap.

l InMultidimensional Acquisition, click Configure, and at the top of theAcquisition
dialog box, click theSnap button that is next to the channel that you want to use for the
snapped image.

The snapped image appears in the Latest Image tab and a thumbnail of the image appears in
the filmstrip. Each subsequently snapped image is also placed in the filmstrip so that you can
compare images snapped with different settings. Snapped images are saved in the Scratch
folder on the hard drive of your computer.

Images that are snapped inMultidimensional acquisitionmode cannot be saved in the same dataset
as images that are snapped in Interactive acquisitionmode. The filmstrip displays a separator
between snapped images that cannot be saved to the same dataset (for example, if the images were
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acquired using different acquisitionmodes or different binning values, or if the size of the images is
different).

Using Auto Expose
Auto expose calculates the appropriate exposure time for image acquisition using a channel that you .
You can use auto expose:

l to quickly verify or calculate exposure time before acquiring an image or while configuring
hardware settings (see below)

l for some or all channels during a interactive acquisition (see Acquiring Images in Interactive
Mode)

l for some or all channels during amultidimensional acquisition (see Configuring a Channel
Series Acquisition)

To use auto expose before acquiring an image

1. On theMode: Interactive tab orMode: Multidimensional tab, click Configure to open the
Acquisition dialog box.

2. In theAcquisition dialog box, in theCamera Settings section, type the binning value to use
for the auto expose test image.

3. In theAcquisition dialog box, in theChannels section, select the channel that you want to
auto expose.

4. In the Target Intensity field, type themaximum intensity value that auto exposure should
attempt to attain for the brightest pixel in the image. The target intensity determines the
exposure time during auto expose.

Typically, the target intensity value should be approximately 75% of themaximum intensity
value that the camera driver is able to obtain. Be careful to not set the target intensity too close
to the saturation point of the camera. Lower intensity values will help prevent bleaching of the
sample.

5. In the Initial Exposure field, type the length of the first exposure attempt. Set an exposure
time that is well below the typical exposure time required for this type of experiment; generally,
the initial exposure time should be approximately one-tenth of the typical exposure time. If you
do not know the required exposure time, enter 1 or 5 or use the default value.

6. In theMaximum Exposure field, type the longest exposure time that you want to allow.

7. On theMode: Interactive tab,Mode: Multidimensional tab, orHardware Setup tab, click
Auto Expose.

TheMetaMorph NX Software calculates the exposure time, updates the exposure setting for
the channel, and displays an image using the calculated exposure time. The image appears in
the Latest Image tab and a thumbnail of the image appears in the filmstrip.
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Note:Youmay not be allowed to access the Hardware Setup tab or youmay need a
password to access it. See your system administrator for more information.

If auto expose does not achieve the expected results, one of themessages below may appear.

Error message Description

Low Signal No exposure was attained or the exposure exceeded the target intensity. For
example, the camera or controller is off, the light source is off, the shutter is off
or the wrong shutter is specified, or themaximum exposure duration is too
small for the sample.

Unable to achieve
target intensity

An exposure exceeded the target intensity but no exposure was within range of
the target. Possible causes include changes in illumination or the sample while
the exposure was being calculated.

Configuring Image Autofocus
Image autofocus finds the best focus image and, if configured for an acquisition, corrects the Z motor
position to keep the image in focus while images are acquired. For example, during an image
acquisition autofocusing helps compensate for a sample that has drifted or experienced thermal
changes over time, or small changes in the stage level.

Note: Image autofocus is different than focus stabilization. Image autofocus helps
compensate for sample drift by focusing directly on the sample. Focus stabilization helps
compensate for stage drift by maintaining the specified distance (focus adjustment value)
between the slide and the focal plane. If the sample drifts, the focus adjustment valuemay not
be accurate. In this case, image autofocus can re-establish focus. If you have focus
stabilization hardware, you can use both focus stabilization and image autofocus during an
image acquisition.

Image autofocus finds the best focus image with as few test image acquisitions as possible. When
configuring image autofocus, you specify the total distance (range) along the Z axis within which the
Z motor shouldmove while focusing on the sample. You also specify the step size, which is initially
used to locate the sample, and the accuracy distance, which is the smallest step that theMetaMorph
NX Software will use when narrowing its search along the Z axis for the best focus position.

The step size that you set will vary depending on the objective that you are using. The larger the depth
of field, the larger the step. Typically, the accuracy (smallest) distance is approximately 10-25% of
the step size. For example:
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Magnification of
objective

Depth of
field

If the step size (in
microns) is...

Then the accuracy (fine) distance (in
microns) may be...

4X Wide 20 5

10X Narrower 6 1.5

40X Narrowest 1.5 0.25

The image autofocus system first moves the objective along the Z axis in larger steps to determine
where along the Z axis the sample is emitting a strong signal. Then, to refine its search and find the
best focus image, the autofocus systemmoves the objective in smaller and smaller steps until it
detects the strongest signal from the sample. The following illustration shows an example of an
autofocus configuration with a range of 4microns, initial steps of 1micron each, and an accuracy
distance of 0.15microns.

This section describes how to:
l Use autofocus before acquiring an image

l Use autofocus in amultidimensional image acquisition

l Use autofocus in an interactive image acquisition

Prerequisites

To use image autofocus, the appropriate hardware device driver for your Z motor must be installed
and configured. See Installing and Loading Hardware Device Drivers.

If more than one Z motor is installed or you plan to use two Z motors for image acquisition, youmust
designate which Z motor should be used for autofocus as described in Designating Z Motors and
Stages for Acquisition.
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To configure image autofocus before acquiring an image

1. On theMode: Interactive tab orMode: Multidimensional tab, in Focus, click Configure.

2. In the Focus Configuration dialog box, select theDisplay Only Best Focus Image check
box to display just the best focus image in the Latest Image tab after autofocusing is
complete, or clear theDisplay Only Best Focus Image check box to display each focus test
image in the filmstrip as it is acquired during autofocusing.

3. In theAutofocus Step Size field, type the step size (a larger distance than the accuracy
distance) between each focus test image that will be acquired. The step size is affected by the
depth of field of the objective and the signal strength of the sample.

If the step size is too small, extra images will be collected during autofocus. If the step size is
too large, the focus positionmay be inaccurate. Generally, you should set a step size that may
be too small rather than too large; if the step size is too large, the autofocus algorithmmay not
be able to locate the sample.

4. In theAutofocus Range field, type the total distance along the Z axis that the Z motor will
move while acquiring focus test images.

CAUTION! Be aware of the distance between themicroscope objective and your
slide. Specifying a large autofocus rangemay allow the objective to collide with the
slide, which could damage your sample andmicroscope.

The units of measurement for the Z axis positions are based on the Z motor configuration. For
information about device configuration, see Installing and Loading Hardware Device Drivers.

Images are acquired from the bottom of the range to the top.

5. In theAutofocus Accuracy field, type the smallest distance that the Z motor shouldmove to
refine its search for the best focus image. This value is based on the depth of field and the
numerical aperture of the objective.

6. In theAutofocus Algorithm field, select an algorithm:

Algorithm Description

Brenner (Standard) Recommended for most imaging conditions and works well for
a number of different microscopy techniques. Measures
contrast in the image.

Directional Average Recommended if the Standard algorithm produces slightly
different results than expected. Most accurate when using
objectives with magnifications of 20X or greater.

7. Click Autofocus.

The best focus image is displayed in the Latest Image tab. The Z motor moves to the Z position at
which the best focus image was acquired; this position becomes the current Z position and is
displayed on the ribbon and in the Z series section of the Acquisition dialog box.
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If autofocusing does not produce in-focus images:
l An exposure timemay be too short, especially if the sample is dim, in which case the

autofocus systemmay not be able to find the sample. Youmay need to increase the exposure
time or change camera settings so that the autofocus system can find the dim site.

l The step sizemay be too small, in which case the autofocus systemmay not be able to
accurately distinguish noise from intensity signals from the sample; as a result, the autofocus
systemmay focus on something other than the sample.

l The rangemay be too small. Youmay need to increase the range so that the autofocus
system can find the sample.

l An exposure timemay be too long, causing the autofocus camera to become saturated and
unable to differentiate intensity signals from the sample. Youmay need to reduce the exposure
time or change camera settings.

l Youmay need to use the other autofocus algorithm.

To use image autofocus in a multidimensional acquisition

1. On the Mode: Multidimensional tab, click Configure.

2. In theAcquisition dialog box, select theAutofocus check box to indicate that the acquisition
should use autofocus and then click Autofocus to expand the list of autofocus settings.

If you are including both image autofocus and a Z series in the acquisition, theMetaMorph NX
Software will first autofocus using the center Z position and then acquire a Z series of images.
The new autofocus position will be used as the center of the Z series.

3. In theAutofocus Range field, type the total distance (range) along the Z axis that the Z motor
will move while acquiring focus test images. The units of measurement for the Z axis positions
are based on the Z motor configuration. See Installing and Loading Hardware Device Drivers.

CAUTION! Be aware of the distance between themicroscope objective and your
slide. Specifying a large Z axis rangemay result in damage to your specimen and
microscope.

4. In theAutofocus Accuracy field, type the smallest distance that the Z motor shouldmove to
refine its search for the best focus image. This value is usually based on the depth of field and
the numerical aperture of the objective.

5. In theAutofocus Step Size field, type the step size (a larger distance than the accuracy
distance) between the initial focus test images that will be acquired. The step size is based on
the field of depth of the objective and sample signal strength, and is used to locate the
strongest intensity signal from the sample.

If the step size is too small, extra images will be collected during autofocus and signal "noise"
may bemisinterpreted as the focus peak. If the step size is too large, the focus positionmay
be inaccurate. Generally, you should set a step size that may be too small rather than too
large; if the step size is too large, the autofocus algorithmmay not be able to locate the
sample.
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6. In theAutofocus Algorithm field, select an algorithm:

Algorithm Description

Brenner (Standard) Recommended for most imaging conditions and works well for
a number of different microscopy techniques. Measures
contrast in the image.

Directional Average Recommended generally only if the Standard algorithm
produces slightly different results than expected. Most
accurate when using objectives with magnifications of 20X or
greater.

7. In theAutofocus Frequency field:

Select... To autofocus...

Every Point at every time point

First at only the first time point

Every Nth Point at specific time point intervals (specified in the next step);
for example, you could autofocus at every third time point

If the acquisition does not include a time series, autofocusing will occur at the first time point.

8. If you selected EveryNthPoint in the previous step, in theAutofocus Rate field enter the time
point interval at which autofocusing should occur; for example, enter 3 to autofocus at every
third time point. Keep inmind that the first time point in a time series is always zero (0).

Note: The new autofocus position will be used at all subsequent time points for the
current stage position unless another autofocus occurs.

9. Optionally, configure other parts of the acquisition before acquiring images. See Acquiring
Images inMultidimensional Mode.

10. Select theDo Not Update Display check box to indicate that images should not be displayed
as they are acquired (in this case, the new dataset is not added to the experiment until the
acquisition is complete), or clear the check box to indicate that the Latest Image tab should
display themost recently acquired image and that the images should appear in a new Dataset
tab as they are acquired.

11. When you have configured the acquisition, click Acquire.

If the DoNot Update Display check box is cleared, theMetaMorph NX Software opens the
Latest Image tab which displays themost recently acquired image. This image helps you
gauge the quality of the images as they are acquired, which can be especially useful for
lengthy time series acquisitions. During amultidimensional acquisition, theMetaMorph NX
Software saves the acquired images into a new dataset. You can review images as they are
acquired by displaying the Dataset tab. See Viewing Images in a Dataset for more information.
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Note: If an experiment is not open when you start an acquisition, theMetaMorph NX
Software will create one to contain the new dataset.

A separate window within the Latest Image tab displays the status of the acquisition as well as a
histogram for each channel. TheMetaMorph NX Software reports the number of images acquired, as
well as the current time point in a time series if applicable, stage position if applicable, channel, and Z
position if applicable. Other statistics may also be reported to help youmonitor progress.

If autofocusing does not produce in-focus images:
l An exposure timemay be too short, especially if the sample is dim, in which case the

autofocus systemmay not be able to find the sample. Youmay need to increase the exposure
time or change camera settings so that the autofocus system can find the dim site.

l The step sizemay be too small, in which case the autofocus systemmay not be able to
accurately distinguish noise from intensity signals from the sample; as a result, the autofocus
systemmay focus on something other than the sample.

l The rangemay be too small. Youmay need to increase the range so that the autofocus
system can find the sample.

l An exposure timemay be too long, causing the autofocus camera to become saturated and
unable to differentiate intensity signals from the sample. Youmay need to reduce the exposure
time or change camera settings.

l Youmay need to use the other autofocus algorithm.

To use image autofocus in an interactive acquisition

1. On theMode: Interactive tab, click Configure.

2. In theAcquisition dialog box, select theAutofocus check box to indicate that the acquisition
should use autofocus and then click Autofocus to expand the list of autofocus settings.

3. In theAutofocus Range field, type the total distance (range) along the Z axis that the Z motor
will move while acquiring focus test images. The units of measurement for the Z axis positions
are based on the Z motor configuration. See Installing and Loading Hardware Device Drivers.

CAUTION! Be aware of the distance between themicroscope objective and your
slide. Specifying a large Z axis rangemay result in damage to your specimen and
microscope.

4. In theAutofocus Accuracy field, type the smallest distance that the Z motor shouldmove to
refine its search for the best focus image. This value is usually based on the depth of field and
the numerical aperture of the objective.

5. In theAutofocus Step Size field, type the step size (a larger distance than the accuracy
distance) between the initial focus test images that will be acquired. The step size is based on
the field of depth of the objective and sample signal strength, and is used to locate the
strongest intensity signal from the sample.

If the step size is too small, extra images will be collected during autofocus and signal "noise"

5011685.B 103



Chapter 7: Acquiring Images

may bemisinterpreted as the focus peak. If the step size is too large, the focus positionmay
be inaccurate. Generally, you should set a step size that may be too small rather than too
large; if the step size is too large, the autofocus algorithmmay not be able to locate the
sample.

6. In theAutofocus Algorithm field, select an algorithm:

Algorithm Description

Brenner (Standard) Recommended for most imaging conditions and works well for
a number of different microscopy techniques. Measures
contrast in the image.

Directional Average Recommended generally only if the Standard algorithm
produces slightly different results than expected. Most
accurate when using objectives with magnifications of 20X or
greater.

7. Optionally, configure other parts of the acquisition before acquiring images. See Acquiring
Images in InteractiveMode.

8. After you have configured the acquisition, do one of the following:

To acquire an image... On the Mode: Interactive tab...

using one channel double-click the channel or select the channel
and click Snap

using all channels click Acquire All Channels

If autofocusing does not produce in-focus images:
l An exposure timemay be too short, especially if the sample is dim, in which case the

autofocus systemmay not be able to find the sample. Youmay need to increase the exposure
time or change camera settings so that the autofocus system can find the dim site.

l The step sizemay be too small, in which case the autofocus systemmay not be able to
accurately distinguish noise from intensity signals from the sample; as a result, the autofocus
systemmay focus on something other than the sample.

l The rangemay be too small. Youmay need to increase the range so that the autofocus
system can find the sample.

l An exposure timemay be too long, causing the autofocus camera to become saturated and
unable to differentiate intensity signals from the sample. Youmay need to reduce the exposure
time or change camera settings.

l Youmay need to use the other autofocus algorithm.
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Using Focus Stabilization
Keeping a sample in focus can be a challenge during time lapse experiments, especially when using
objectives with a narrow depth of focus or when the acquisition involves a complex sequence of
stage and Z positions. Focus stabilization is a laser-basedmethod for ensuring that focus is
maintained throughout image acquisition. Because no test images are acquired, focus stabilization
does not cause bleaching or photo toxicity.

Although the design of each focus stabilization system is unique to its manufacturer, all systems use
a laser diode to find either the bottom or the top of the slide or dish. Once you focus on the sample, the
system calculates the distance (called the focus adjustment value) from the slide or dish to the focal
plane. During image acquisition, the focus stabilization systemmaintains that distance to help
compensate for stage drift caused by vibration, temperature changes, and addition of media.

Note: Focus stabilization is different than image autofocus. Image autofocus helps
compensate for sample drift by focusing directly on the sample. Focus stabilization helps
compensate for stage drift by maintaining the specified distance (focus adjustment value)
between the slide and the focal plane. If the sample drifts, the position of the focal planemay
change. In this case, image autofocus can re-establish focus. If you have focus stabilization
hardware, you can use both focus stabilization and image autofocus during an image
acquisition.

The focus stabilization system tracks the position of the surface of the slide or dish andmaintains
focus at the specified distance (focus adjustment value) above the surface.

Although the configuration of each system varies slightly, in general you simply bring the sample into
focus and set the focus position. The focus stabilization system uses the focus position to calculate
the focus adjustment value, which it maintains throughout your experiment. If you are configuring an
acquisition with a stage series, at each stage position youmust bring the sample into focus so that
the system can calculate each focus adjustment value.

TheMetaMorph NX Software supports the following focus stabilization systems:
l Nikon Perfect Focus

l Olympus ZDC and ZDC2

l Zeiss Definite Focus
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Nikon Perfect Focus
The Nikon Perfect Focus System (PFS) is a focus stabilization system for the Nikon Eclipse TE2000
and Eclipse Ti microscopes. The Nikon PFS can only be used with certain objectivemodels. Consult
the Nikon documentation for more information.

Note: The search range along the Z axis and surface location are different with each objective.
As a result, the focus adjustment value, which is the surface-to-focal plane distance (some
manufacturers call this the offset), will not be the same for all objectives. The samplemust be
brought into focus using each objective to find the focus adjustment value.

This section describes how to:
l Configure the Nikon PFS for an interactive acquisition

l Configure the Nikon PFS for a time lapsemultidimensional acquisition (without a stage series)

l Configure the Nikon PFS for a time lapsemultidimensional acquisition (with a stage series)

Prerequisites

The appropriate Nikon device driver and the Z motor component must be installed and configured.
See Installing Device Drivers and Settings For Specific Devices and Components.

The focus stabilizer hardwaremust be designated as the Z motor for autofocusing. See Designating Z
Motors and Stages for Acquisition.

To use the Nikon PFS for an interactive acquisition

1. Configure all of the interactive acquisition settings for the channels, and, if applicable, image
autofocus.

2. If your acquisition includes more than one channel, on theMode: Interactive tab, select the
first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. Click Live to display a live view of the image.

4. Use the focusing knobs on themicroscope to bring the image into focus.

5. In theAcquisition, click Configure.

6. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware and then click Focus Stabilizer to
display the related fields.

You can also use the options in the Focus group on theMode: Interactive tab to configure
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continuous focus for the Nikon PFS. The changes that youmake on the tab are reflected in the
Acquisition dialog box and the changes that youmake in the dialog box are reflected on the
tab.

7. Click Start Continuous Focus.

8. Optionally, slightly adjust the focus by using the knob on the Nikon PFS controller.

The Focus Adjustment field displays the surface-to-focal plane distance (sometimes called
the offset).

Note:You cannot adjust the Z motor position using themicroscope controls or change
objectives while continuous focus is on.

9. Once you have configured all of the settings for the interactive acquisition, click Acquire.

The Nikon PFS maintains focus of the image throughout the image acquisition.

10. Click Stop Continuous Focus to turn off continuous focusing.

When continuous focusing is off, you can control the Z motor using the knobs on the
microscope.

To use the Nikon PFS for a multidimensional acquisition without
a stage series

1. Configure the settings for themultidimensional acquisition, at least those that affect Z motor
position and illumination, such as the channels, and, if applicable, image autofocus and a Z
series.

2. If your acquisition includes more than one channel, on theMode: Multidimensional tab,
select the first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. In theMultidimensional Acquisition, click Configure.

4. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware and then click Focus Stabilizer to
display the related fields.
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5. In theAutofocus Frequency field:

Select... To have the Nikon PFS continuously focus...

Every Point at every time point (focusing at every time point may slow
down acquisition)

First at only the first time point

Every Nth Point at specific time intervals (specified in the next step); for
example, you could focus at every third time point

6. If you selected EveryNthPoint in the previous step, in theAutofocus Rate field type the time
point interval at which continuous focusing should occur; for example, type 3 to focus at every
third time point. Keep inmind that the first time point in a time series is always 0 (zero).

7. Click Live to display a live view of the image.

8. Use the focusing knobs on themicroscope to bring the image into focus.

9. In theAcquisition dialog box, in the Focus Stabilizer section, click Start Continuous
Focus.

10. Optionally, slightly adjust the focus by using the knob on the Nikon PFS controller.

The Focus Adjustment field displays the surface-to-focal plane distance (sometimes called
the offset).

Note:You cannot adjust the Z motor position using themicroscope controls or change
objectives while continuous focus is on.

11. Once you have configured all of the settings for themultidimensional acquisition, click
Acquire.

The Nikon PFS maintains focus of the image throughout the image acquisition.

If the acquisition includes a Z series, theMetaMorph NX Software turns off continuous
focusing immediately before acquiring the Z series. After the Z series is acquired, the
MetaMorph NX Software turns continuous focusing back on.

12. Click Stop Continuous Focus to turn off continuous focusing.

When continuous focusing is off, you can control the Z motor using the knobs on the
microscope.

To use the Nikon PFS for a multidimensional acquisition with a
stage series

1. Configure the settings for themultidimensional acquisition, including the stage positions and
channels, and, if applicable, image autofocus and a Z series.

2. If your acquisition includes more than one channel, on theMode: Multidimensional tab,
select the first channel in the channel series.
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Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. Click Live to display a live view of the image.

4. In theMultidimensional Acquisition, click Configure.

5. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware.

The focus stabilizer options appear in the Stage Series section.

6. In theStage Series section, click Go To to move the stage to a stage position.

7. Use the focusing knobs on themicroscope to bring the image into focus.

8. In theStage Series section, in the row that corresponds to the current stage position , click
Set Focus.

The Focus Adjustment field displays the surface-to-focal plane distance (sometimes called
the offset).

9. Optionally, slightly adjust the focus by using the knob on the Nikon PFS controller.

10. Repeat steps 6 - 9 for each stage position.

11. In the Focus Stabilizer section, in theAutofocus Frequency field:

Select... To have the Nikon PFS continuously focus...

Every Point at every time point (focusing at every time point may slow
down acquisition)

First at only the first time point

Every Nth Point at specific time intervals (specified in the next step); for
example, you could focus at every third time point

12. If you selected EveryNthPoint in the previous step, in theAutofocus Rate field type the time
point interval at which continuous focusing should occur; for example, type 3 to focus at every
third time point. Keep inmind that the first time point in a time series is always 0 (zero).

13. Click Start Continuous Focus.

14. Once you have configured all of the settings for themultidimensional acquisition, click
Acquire.

At each stage position, theMetaMorph NX Software waits for the Nikon PFS to re-establish
focus before acquiring the image.

If the acquisition includes a Z series, theMetaMorph NX Software turns off continuous
focusing immediately before acquiring the Z series so that the Z motor canmove to the center
of the Z series. After the Z series is acquired, theMetaMorph NX Software turns continuous
focusing back on.

15. Click Stop Continuous Focus to turn off continuous focusing.

5011685.B 109



Chapter 7: Acquiring Images

When continuous focusing is off, you can control the Z motor using the knobs on the
microscope.

Olympus ZDC and ZDC2
TheOlympus ZDC and ZDC2 focus stabilization systems provide both one shot focus and
continuous focus options. During amultidimensional acquisition, the ZDC and ZDC2 use one shot
focus cycles tomaintain multiple focus positions; for example, acquisitions with either multiple stage
positions or a Z series. Continuous focus may be used during a long, simple time lapse acquisition
(an acquisition with multiple time points but no stage series) to maintain a single focus position.

Consult the Olympus documentation for information about the types of slides, dishes, and objectives
that work best with the ZDC and ZDC2.

Note: The search range along the Z axis and surface location are different with each objective.
As a result, the focus adjustment value, which is the surface-to-focal plane distance (some
manufacturers call this the offset), will not be the same for all objectives. The samplemust be
brought into focus using each objective to find the focus adjustment value.

This section describes how to:
l Configure the ZDC or ZDC2 for an interactive acquisition (one shot focus)

l Configure the ZDC or ZDC2 for an interactive acquisition (continuous focus)

l Configure the ZDC or ZDC2 for a simple time lapse acquisition (continuous focus)

l Configure the ZDC or ZDC2 for a time lapsemultidimensional acquisition (without a stage
series)

l Configure the ZDC or ZDC2 for a time lapsemultidimensional acquisition (with a stage series)

Prerequisites

You must be able to access the Hardware Setup tab to perform these prerequisite tasks. See
your system administrator for more information if you are not sure if these tasks have been
performed.

Follow the steps below before using the Olympus ZDC or ZDC2 for image acquisition.

1. Install and configure the Olympus IX2-BSW Software. Consult the IX2 online help or
documentation for information on how to use the IX2 Software.

2. In theMetaMorph NX Software, when configuring the objective component settings, set the Z
motor near limits and the focus jog sensitivity. In the Objective Settings dialog box, click
Configure Parameters and then click Read to automatically set the near limits. See Installing
Device Drivers and Settings For Specific Devices and Components.
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3. After you have configured the driver and components, open the illumination setting you plan to
use for your acquisition. Make sure that the observationmethod component setting is set to
something other than "None" (see the Olympus documentation for recommendations). See
Creating andModifying Illumination Settings.

4. Designate the focus stabilizer hardware as the Z motor for autofocusing. See Designating Z
Motors and Stages for Acquisition.

To use the Olympus ZDC or ZDC2 for an interactive acquisition
using one shot focus

1. Configure all of the interactive acquisition settings for the channels, and, if applicable, image
autofocus.

2. If your acquisition includes more than one channel, on theMode: Interactive tab select the
first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. Click Live to display a live view of the image.

4. Use the focusing knobs on themicroscope to bring the image into focus.

5. InAcquisition, click Configure to open the Acquisition dialog box.

6. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware (Olympus ZDC or ZDC2) and then click
Focus Stabilizer to display the related fields.

You can also use the options in the Focus group on theMode: Interactive tab to set the
focus and to re-establish focus.

7. In theOne Shot Range field, type the total distance above and below the current Z motor
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position that the Z motor is allowed tomove while the ZDC or ZDC2 is locating the surface of
the dish or slide. For example, if you type 100, the Z motor will be allowed tomove 100
microns above and 100microns below its current position. This distance should not let the Z
motor go above the near limit position specified in the objective component settings.

Best Practice
Use the default one shot range. If you set a very large range, the ZDC or ZDC2may locate
something other than the surface and focusing will not be possible.

8. With the image still in focus, click Set Focus to set the focus at the current focal plane.

The Focus Adjustment field displays the surface-to-focal-plane distance (in microns), and the
Olympus ZDC or ZDC2 beeps once to indicate that it is configured correctly.

Note: TheOlympus ZDC or ZDC2 emits three beeps if it did not successfully calculate
the lens focus adjustment value. Try to set the focus again. If you do not hear any
beeps, the ZDC or ZDC2 is not configured correctly. Make sure that the observation
method for the objective is set to something other than "None," check that you are
using the correct lens, and check that the IX2 Software is configured correctly

9. Optionally, slightly adjust the focus by clicking the +/- buttons (or by typing a value) in the
Focus Adjustment field.

10. Just before acquiring your image, if your image is out of focus, click Go To Focus.

TheOlympus ZDC or ZDC2 re-establishes focus using the focus adjustment value that you
set in Step 8.

11. Click Acquire.

To use the Olympus ZDC or ZDC2 for an interactive acquisition
using continuous focus

1. Configure all of the interactive acquisition settings for the channels, and, if applicable, image
autofocus.

2. If your acquisition includes more than one channel, on theMode: Interactive tab, select the
first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. Click Live to display a live view of the image.

4. Use the focusing knobs on themicroscope to bring the image into focus.

5. If you are using the Olympus ZDC2, on theMode: Interactive tab, in Focus click Set
Continuous Focus. If you are using the Olympus ZDC, skip this step and proceed to Step 7.
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The Focus Adjustment field displays the lens focus adjustment value, and the Olympus ZDC2
beeps once to indicate that it is configured correctly.

Note: TheOlympus ZDC or ZDC2 emits three beeps if it did not successfully calculate
the lens focus adjustment value. Try to set the focus again. If you do not hear any
beeps, the ZDC or ZDC2 is not configured correctly. Make sure that the observation
method for the objective is set to something other than "None," check that you are
using the correct lens, and check that the IX2 Software is configured correctly

6. Optionally, slightly adjust the focus by clicking the +/- buttons (or by typing a value) in the
Focus Adjustment field.

7. Click Start Continuous Focus.

While continuous focus is on, the Olympus ZDC or ZDC2 continuously adjusts the lens
position tomaintain focus.

Note:You cannot adjust the Z motor position using themicroscope controls or change
objectives while continuous focus is on.

8. Click Acquire.

9. When the image acquisition is complete, click Stop Continuous Focus.

When continuous focusing is off, you can control the Z motor using the knobs on the
microscope.

To use the ZDC or ZDC2 for a simple time lapse acquisition
without a Z series or stage series (continuous focus)

1. Configure the channels that you plan to use for the time lapse acquisition, and, if applicable,
image autofocus.

2. If your acquisition includes more than one channel, on theMode: Multidimensional tab,
select the first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. Click Live to display a live view of the image.

4. Use the focusing knobs on themicroscope to bring the image into focus.

5. If you are using the Olympus ZDC2, on theMode: Multidimensional tab, in Focus, click Set
Continuous Focus. If you are using the Olympus ZDC, skip this step and proceed to Step 6.

TheOlympus ZDC or ZDC2 displays the surface-to-focal-plane distance in the Focus
Adjustment field and beeps once to indicate that it is configured correctly.

Note: TheOlympus ZDC or ZDC2 emits three beeps if it did not successfully calculate
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the lens focus adjustment value. Try to set the focus again. If you do not hear any
beeps, the ZDC or ZDC2 is not configured correctly. Make sure that the observation
method for the objective is set to something other than "None," check that you are
using the correct lens, and check that the IX2 Software is configured correctly

6. Optionally, slightly adjust the focus by clicking the +/- buttons (or by typing a value) in the
Focus Adjustment field.

7. Click Start Continuous Focus.

While continuous focus is on, the Olympus ZDC or ZDC2 continuously adjusts the lens
position tomaintain focus.

Note:You cannot adjust the Z motor position using themicroscope controls or change
objectives while continuous focus is on.

8. Click Acquire.

9. When the image acquisition is complete, click Stop Continuous Focus.

When continuous focusing is off, you can control the Z motor using the knobs on the
microscope.

To use the Olympus ZDC or ZDC2 for a multidimensional image
acquisition without a stage series

1. Configure the settings for themultidimensional acquisition such as channels, and, if
applicable, image autofocus and a Z series.

2. If your acquisition includes more than one channel, on theMode: Multidimensional tab,
select the first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. InMultidimensional Acquisition, click Configure to open the Acquisition dialog box.

4. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware (Olympus ZDC or ZDC2) and then click
Focus Stabilizer to display the related fields.

5. If your acquisition includes a time series, in theAutofocus Frequency field:

Select... To re-establish focus...

Every Point at every time point (may slow down acquisition)

First at only the first time point

Every Nth Point at specific time intervals (specified in the next step); for
example, you could focus at every third time point
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6. If you selected EveryNthPoint in the previous step, in theAutofocus Rate field type the time
point interval at which focusing should occur; for example, type 3 to focus at every third time
point. Keep inmind that the first time point in a time series is always zero (0).

7. Click Live to display a live view of the image.

8. Use the focusing knobs on themicroscope to bring the image into focus.

9. In theOne Shot Range field, type the total distance above and below the current Z motor
position that the Z motor is allowed tomove while the ZDC or ZDC2 is locating the surface of
the dish or slide. For example, if you type 100, the Z motor will be allowed tomove 100
microns above and 100microns below its current position. This distance should not let the Z
motor go above the near limit position specified in the objective component settings.

Best Practice
Use the default one shot range. If you set a very large range, the ZDC or ZDC2may locate
something other than the surface and focusing will not be possible.

10. Click Set Focus to set the focus at the current focal plane.

TheOlympus ZDC or ZDC2 displays the surface-to-focal-plane distance in the Focus
Adjustment field and beeps once to indicate that it is configured correctly.

Note: TheOlympus ZDC or ZDC2 emits three beeps if it did not successfully calculate
the lens focus adjustment value. Try to set the focus again. If you do not hear any
beeps, the ZDC or ZDC2 is not configured correctly. Make sure that the observation
method for the objective is set to something other than "None," check that you are
using the correct lens, and check that the IX2 Software is configured correctly

11. Optionally, slightly adjust the focus by clicking the +/- buttons (or by typing a value) in the
Focus Adjustment field.

12. Just before starting the image acquisition, if the image is out of focus, click Go To Focus.

TheOlympus ZDC or ZDC2 re-establishes focus at the focal plane that you set in Step 10.

You can also use the options in the Focus group on theMode: Multidimensional tab to set
the focus and to re-establish focus.

13. Once you have configured all of the settings for themultidimensional acquisition, click
Acquire.

During the image acquisition, the Olympus ZDC or ZDC2 re-establishes focus at the specified
time intervals.

To use the Olympus ZDC or ZDC2 for a multidimensional image
acquisition with a stage series

1. Configure the settings for themultidimensional acquisition, at least the stage positions and the
settings that affect Z motor position and illumination, such as the channels, and, if applicable,
image autofocus and a Z series.
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2. If your acquisition includes more than one channel, on theMode: Multidimensional tab,
select the first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. Click Live to display a live view of the image.

4. InMultidimensional Acquisition, click Configure to open the Acquisition dialog box.

5. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware.

The focus stabilizer options appear in the Stage Series section.

6. In the Focus Stabilizer section, in theOne Shot Range field, type the total distance above
and below the current Z motor position that the Z motor is allowed tomove while the ZDC or
ZDC2 is locating the surface of the dish or slide.

For example, if you type 100, the Z motor will be allowed tomove 100microns above and 100
microns below its current position. This distance should not let the Z motor go above the near
limit position specified in the objective component settings. In an acquisition with multiple
stage positions, make sure that the range is large enough to accommodate all stage positions.

7. In theStage Series section, click Go To to move the stage to a stage position.

8. Use the focusing knobs on themicroscope to bring the image into focus.

9. In theStage Series section, in the row that corresponds to the current stage position, click
Set Focus.

The Focus Adjustment field displays the surface-to-focal plane distance (sometimes called
the offset).

10. Optionally, slightly adjust the focus by clicking the +/- buttons (or by typing a value) in the
Focus Adjustment field.

11. Repeat steps 7 - 10 for each stage position.

12. In the Focus Stabilizer section, in theAutofocus Frequency field:

Select... To re-establish focus...

Every Point at every time point (focusing at every time point may slow
down acquisition)

First at only the first time point

Every Nth Point at specific time intervals (specified in the next step); for
example, you could focus at every third time point

13. If you selected EveryNthPoint in the previous step, in theAutofocus Rate field type the time
point interval at which focusing should occur; for example, type 3 to focus at every third time
point. Keep inmind that the first time point in a time series is always zero (0).

14. Once you have configured themultidimensional acquisition, click Acquire.
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TheOlympus ZDC or ZDC2maintains focus of the image throughout the image acquisition by
re-establishing focus at the stage positions.

Zeiss Definite Focus
The Zeiss Definite Focus is a continuous focus system that re-establishes focus at intervals (in
seconds) that you specify. The Zeiss Definite Focus works best with air objectives or samples with
water around the sample. Consult the Zeiss documentation for more information.

Note: The search range along the Z axis and surface location are different with each objective.
As a result, the focus adjustment value, which is the surface-to-focal plane distance (some
manufacturers call this the offset), will not be the same for all objectives. The samplemust be
brought into focus using each objective to find the focus adjustment value.

This section describes how to:
l Configure the Zeiss Definite Focus for an interactive acquisition

l Configure the Zeiss Definite Focus for a time lapsemultidimensional acquisition (without a
stage series)

l Configure the Zeiss Definite Focus for a time lapsemultidimensional acquisition (with a stage
series)

Prerequisites

The Zeiss device driver and focus component must be installed and configured. See Installing Device
Drivers and Settings For Specific Devices and Components.

The focus stabilizer hardwaremust be designated as the Z motor for autofocusing. See Designating Z
Motors and Stages for Acquisition.

To use the Zeiss Definite Focus for an interactive acquisition

1. Configure all of the interactive acquisition settings for the channels, and, if applicable, image
autofocus.

2. If your acquisition includes more than one channel, on theMode: Interactive tab, select the
first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. InAcquisition, click Configure to open the Acquisition dialog box.

4. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware and then click Focus Stabilizer to
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display the related fields.

You can also use the options in the Focus group on theMode: Interactive tab to configure
focus stabilization. Changes that youmake on the tab are reflected in the Acquisition dialog
box and changes that youmake in the dialog box are reflected on the tab.

5. In theContinuous Frequency field, enter the intervals (in seconds) at which the Zeiss
Definite Focus should re-establish focus.

6. Click Live to display a live view of the image.

7. Use the focusing knobs on themicroscope to bring the image into focus.

8. Click Memorize Position.

9. Click Start Continuous Focus.

Note:You cannot adjust the Z motor position using themicroscope controls or change
objectives while continuous focus is on.

10. Click Acquire.

The Zeiss Definite Focus maintains focus of the image as the image is acquired.

11. Click Stop Continuous Focus to turn off continuous focusing.

When continuous focusing is off, you can control the Z motor using the knobs on the
microscope.

To use the Zeiss Definite Focus for a multidimensional image
acquisition without a stage series

1. Configure the settings for themultidimensional acquisition, at least those that affect Z motor
position and illumination, such as the channels, and, if applicable, image autofocus and a Z
series.

2. If your acquisition includes more than one channel, on theMode: Multidimensional tab,
select the first channel in the channel series.

Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. InMultidimensional Acquisition, click Configure to open the Acquisition dialog box.

4. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware and then click Focus Stabilizer to
display the related fields.
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5. In theAutofocus Frequency field:

Select... To have the Zeiss focus...

Every Point at every time point (focusing at every time point may slow
down acquisition)

First at only the first time point

Every Nth Point at specific time intervals (specified in the next step); for
example, you could focus at every third time point

6. If you selected EveryNthPoint in the previous step, in theAutofocus Rate field type the time
point interval at which continuous focusing should occur; for example, type 3 to focus at every
third time point. Keep inmind that the first time point in a time series is always 0 (zero).

7. In theContinuous Frequency field, type the interval (in seconds) at which the Zeiss Definite
Focus will re-establish focus.

8. On theMode: Multidimensional tab, click Live to display a live view of the image.

9. Use the focusing knobs on themicroscope to bring the image into focus.

10. In theAcquisition dialog box, in the Focus Stabilizer section, click Memorize Position.

11. Click Start Continuous Focus.

Note:You cannot adjust the Z motor position using themicroscope controls or change
objectives while continuous focus is on.

12. Once you have configured all of the settings for themultidimensional acquisition, click
Acquire.

The Zeiss Definite Focus re-establishes focus of the image at the intervals you specified.

If the acquisition includes a Z series, theMetaMorph NX Software turns off continuous
focusing immediately before acquiring the Z series. After the Z series is acquired, the
MetaMorph NX Software turns continuous focusing back on.

13. Click Stop Continuous Focus to turn off continuous focusing.

When continuous focusing is off, you can control the Z motor using the knobs on the
microscope.

To use the Zeiss Definite Focus for a multidimensional image
acquisition with a stage series

1. Configure the settings for themultidimensional acquisition, including the stage positions and
channels, and, if applicable, image autofocus and a Z series.

2. If your acquisition includes more than one channel, on theMode: Multidimensional tab,
select the first channel in the channel series.
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Note: The focus stabilization system uses the first channel to calculate the focus
adjustment value. Subsequent channels are offset from the first channel.

3. Click Live to display a live view of the image.

4. InMultidimensional Acquisition, click Configure to open the Acquisition dialog box.

5. In theAcquisition dialog box, select the Focus Stabilizer check box to indicate that the
acquisition should use the focus stabilizer hardware.

The focus stabilizer options appear in the Stage Series section.

6. In theStage Series section, click Go To to move the stage to a stage position.

7. Use the focusing knobs on themicroscope to bring the image into focus.

8. In theStage Series section, in the row that corresponds to the current stage position , click
Set Focus.

TheMemorized field for the stage position displays Yes.

9. Repeat steps 6 - 8 for each stage position.

10. In the Focus Stabilizer section, in theAutofocus Frequency field:

Select... To have the Zeiss continuously focus...

Every Point at every time point (focusing at every time point may slow
down acquisition)

First at only the first time point

Every Nth Point at specific time intervals (specified in the next step); for
example, you could focus at every third time point

11. If you selected EveryNthPoint in the previous step, in theAutofocus Rate field type the time
point interval at which focusing should occur; for example, type 3 to focus at every third time
point. Keep inmind that the first time point in a time series is always zero (0).

12. In theContinuous Frequency field, type the interval (in seconds) at which the Zeiss Definite
Focus will re-establish focus.

13. Click Start Continuous Focus.

Note:You cannot adjust the Z motor position using themicroscope controls or change
objectives while continuous focus is on.

14. Once you have configured all of the settings for themultidimensional acquisition, click
Acquire.

The Zeiss Definite Focus re-establishes focus of the image at the intervals you specified.
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If the acquisition includes a Z series, MetaMorph NX turns off continuous focusing
immediately before acquiring the Z series. After the Z series is acquired, MetaMorph NX turns
continuous focusing back on.

15. Click Stop Continuous Focus to turn off continuous focusing.

When continuous focusing is off, you can control the Z motor using the knobs on the
microscope.

Pausing or Stopping an Acquisition
Pausing amultidimensional acquisition temporarily suspends the acquisition until you resume it. For
example, youmay want to pause the acquisition so that you can adjust camera and channel settings,
such as gain and exposure, before resuming the acquisition. Some options are not available while the
acquisition is paused. For example, you cannot change the number of stage positions but you can
change the X, Y, and Z positions of the existing stage positions.

Example
In a time series acquisition, the acquisition ends as soon as the duration ends, even if the acquisition
has not acquired images at all time points. To extend the duration of an acquisition while images are
being acquired, you can pause the acquisition, extend the duration, and then resume the acquisition.

When you click Pause on theMode: Multidimensional tab, all images (channels, Z series) are
acquired for the current stage position before the acquisition pauses.

Stopping an acquisition halts the acquisition immediately and saves all images acquired up through
the last time point. You cannot resume an acquisition once you have stopped it.

This section describes how to:
l Pause an acquisition

l Stop an acquisition

To pause an acquisition

1. On theMode: Multidimensional tab, click Pause.

The Pause button changes to a Resume button.

2. Make any adjustments that are needed and then click Resume.

To stop an acquisition

1. On theMode: Multidimensional tab, click Stop.

2. In the dialog box that appears, click Yes to confirm that you want to stop the acquisition.

TheMetaMorph NX Software saves all images that were acquired up through the last full time
point in a new dataset.
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Saving and Loading Acquisition Settings (Protocols)
Every time you acquire multidimensional images, theMetaMorph NX Software automatically saves
the acquisition settings, or protocol, as a separate file in the dataset folder on the hard drive of your
computer. When you acquire individual images in Interactive acquisitionmode, you can save the
acquisition settings manually. Later, you can save time by using previously saved acquisition
settings to configure an acquisition.

The acquisition protocol includes all settings as they are configured in the Acquisition dialog box,
including camera parameters. The protocol does not save device configuration information such as
themagnification setting that was used for the acquisition, the configuration of illumination and
magnification settings, or the stage and Z motor configurations. If you save a protocol and thenmake
changes to an illumination setting that was saved with the protocol, the next time you load the
protocol, the illumination setting will include the changes that youmade.

This section describes how to:
l Save acquisition settings

l Load acquisition settings

To save acquisition settings

1. On theMode: Interactive tab or theMode: Multidimensional tab, click Configure to open
the Acquisition dialog box.

2. In theAcquisition dialog box, click Export Acquisition Protocol.

You can also click Export Acquisition Protocol on the AcquisitionMode tab to save the
current acquisition settings.

3. In theSave As dialog box, navigate to the location where you want to save the acquisition
protocol file, name the file, and click Save. You can give the file any name as long as you keep
the .xml extension and the name is valid (that is, does not contain any special characters such
as exclamation points).

TheMetaMorph NX Software saves the acquisition protocol as an XML file in the dataset
folder on the hard drive of your computer. See Experiment and Dataset Folders and Files.
An acquisition protocol file can be used on any computer running theMetaMorph NX Software.

To load saved acquisition settings

1. On theMode: Interactive tab or theMode: Multidimensional tab, click Configure to open
the Acquisition dialog box.

2. In theAcquisition dialog box, click Import Acquisition Protocol.

You can also click Import Acquisition Protocol on the AcquisitionMode tab.

3. In theOpen dialog box, select the acquisition protocol file, and click Open.
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If you import an interactive acquisition protocol using the option on the AcquisitionMode tab,
theMode: Interactive tab appears; if you import a multidimensional image acquisition protocol,
theMode: Multidimensional tab appears. If the Acquisition dialog box is open when you import
a protocol, it displays the settings stored in the acquisition protocol file that you loaded.
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Chapter 8: Measuring and Analyzing
Images

This chapter includes the following topics:

l Overview of Measuring and Analyzing Images

l General Workflow for Measuring and Analyzing Images

l Viewing Plane Information

l MeasuringMorphometry of Objects

l Drawing andMeasuring Regions

l Counting Nuclei

l DisplayingMeasurement Results in a Table

l ExportingMeasurement Data

l GraphingMeasurement Results

l Adaptive Background Correction™

Overview
TheMetaMorph® NX Software provides several ways to obtain information about images and
tomeasure and evaluate objects in an image or a set of images. Depending on the
measurement function that you choose and the settings that you select, measurements can
include the area, dimensions, shape, position, orientation, and intensity of objects in an image.
Eachmeasurement function also includes a statistical summary of themeasurements made.
Oncemeasurements aremade on an image, you can display, sort, or graph the results. You
can then export themeasurement results to Microsoft Office Excel or to a text file.

You canmeasure just the images that are displayed in the image grid or all of the images in a
dataset that are of a specific series type (Z, time, or stage). If an image contains multiple
channels, regionmeasurements can bemade on either a specific channel or all channels.

One dataset may bemeasured at a time. Although you cannot measure across datasets, you
canmake as many measurements as needed on the images in a dataset, and you canmake
more than onemeasurement at a time; that is, you can start a measurement and then start
another measurement while the first measurement is still running.
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CAUTION! If you delete images from a dataset on the hard drive of your computer, the
MetaMorph NX Software will not be able tomakemeasurements on that dataset.

Each time youmake ameasurement, theMetaMorph NX Software stores the results as a
measurement set and saves it with the dataset. All of themeasurement sets in a dataset are listed in
theMeasurement Set group on theMeasure tab.

Note:Measurement sets are saved with a dataset as part of the database file andmay be
viewed only when the dataset is open in theMetaMorph NX Software; measurement sets are
not saved as individual files in the dataset folder. See About Experiment and Dataset Folders.

You can view measurement results:
l On a segmentation of the image that shows how themeasurement settings identified objects

l In a table that shows the data for eachmeasured object or that shows a statistical summary of
the data collected from all of the objects

l In a line graph that shows how a regionmeasurement such as intensity changed over time

l In a scatter plot graph that shows the relationship between any twomeasurements

Tables and graphs can be configured to display only the data that meet your criteria. You can export
the data table to an Excel spreadsheet or file. See DisplayingMeasurement Results in a Table,
GraphingMeasurement Results, and ExportingMeasurement Data.

The following types of measurements are available:
l Plane Information— provides imagemetadata including size, calibration, date created, and

comments

l Measure Using Threshold—measures basic properties of objects in an image including area,
width, height, centroid position, intensity statistics, perimeter, length, orientation, and so on

l Measure Regions — converts regions to objects andmeasures properties including intensity
values for one or all channels

l Count Nuclei — counts nuclei andmeasures intensity of nuclei

The following table lists some of themain differences between themeasurement functions.

Capability Measure
Regions

Measure Using
Threshold

Count
Nuclei

Detects objects automatically X

Works with objects of all shapes and
sizes

Works with dark objects on a bright
background

X

Works with uneven backgrounds X
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Capability Measure
Regions

Measure Using
Threshold

Count
Nuclei

Works with touching objects X

Identifies objects even when they move X

Supports the capability
X Does not support the capability

General Workflow
Before youmeasure images, decide if you want to measure all or just some of the images in a
dataset. Only the images that are displayed in the image grid aremeasured unless you select one or
more of the check boxes on theMeasure tab tomeasure images acquired at all time points, Z steps,
or stage positions.

The flowchart below shows the general sequence of tasks for measuring images.

Viewing Plane Information
Every dataset has a Plane Informationmeasurement set, which contains basic data about the
images in the dataset. The Plane Informationmeasurement set appears at the top of the list of
measurement sets on theMeasure tab. As with any measurement set, you can sort and filter the
plane information to display only certain columns and data that meet your criteria. When youmeasure
the images in a dataset, the plane information is included in themeasurement data table along with
themeasurement results. You can export plane information to aMicrosoft Office Excel spreadsheet,
and you can include plane information data in a graph.
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Note:Plane information is available for images that have been saved into a dataset. In
Multidimensional acquisitionmode, images are automatically saved into a dataset. In
Interactive acquisitionmode,because images are not automatically saved, plane information
is available for an image only after you save the image into a dataset.

This section describes:
l How to view plane information

l Plane information data definitions

To view plane information for a dataset

1. Open the dataset that contains the image or images.

2. On theMeasure tab, inMeasurement Set, select Plane Information and then click Show
Table.

TheMetaMorph NX Software displays the plane information for the dataset.

If you want to view plane information for images in another dataset in the experiment,
keep the plane information data table open and, in the filmstrip, double-click the other dataset.
The data in the plane information data table will update to reflect the other dataset.

Plane information data definitions

Note:Some of the data described below may not always appear in the plane information data
table; youmay need to configure the plane information to display additional columns. See
DisplayingMeasurement Results in a Table.

Data Description

ZStep* The Z step, in the order defined by the Z series, at which the
image was acquired.

TStep* The time point, in the order defined by the time series, at which
the image was acquired.

ChannelStep* The channel used, in the order defined by the channel series, to
acquire the image.

StagePositionStep* The stage position, in the order defined by the stage series, to
acquire the image.

Width The width of the image in pixels.

Height The height of the image in pixels.

Depth The range of grayscale values or color values in the image in bits
(for example, 8 or 16).

SpatialCalibrationState Indicates if the image was calibrated. The check box in this
column is selected if the image was calibrated.
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Data Description

SpatialCalibration X
SpatialCalibrationY

The X and Y calibrations of the image. Spatial calibration is
calculated by multiplying the calibration for themagnification by
the binning used for the image when it was acquired.

If the image was not calibrated, this value is 1.

SpatialCalibrationUnitName The unit of measurement used to calibrate the image. If the image
was not calibrated, no value is displayed.

ExposureTimeMilliseconds The exposure time used to acquire the image.

IlluminationSettingName The name of the illumination setting used to acquire the image.

MagnificationSettingName The name of themagnification setting used to acquire the image.

CameraBitDepth The bit depth of the camera used to acquire the image (if known).

MagnificationNA The numerical aperture used to acquire the image.

MagnificationRI The refractive index used to acquire the image.

Annotation Comments about the image.

CreationMonth Themonth the image was acquired.

CreationDay The day of themonth the image was acquired.

CreationYear The year the image was acquired.

CreationTime The time the image was acquired.

StagePositionX
StagePositionY

The X and Y coordinates of the stage at which the image was
acquired.

StageLabel A label that stores stage position information at the time the
image was acquired.

AbsoluteZPosition The exact position of the Z motor at the time the image was
acquired. If no Z motor was used during acquisition, this row
states "not recorded."

Wavelength The value of the wavelength used to acquire the image.

CameraBinningX The number of pixels along the X axis that were binned when the
image was acquired.

CameraBinningY The number of pixels along the Y axis that were binned when the
image was acquired.

CameraChipOffsetX The X coordinate of the upper left corner of the image at the time
it was acquired.

CameraChipOffsetY The Y coordinate of the upper left corner of the image at the time
it was acquired.

*Keep inmind that theMetaMorph NX Software starts numbering at zero (0).
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Measuring Morphometry of Objects (Measure Using
Threshold)
TheMeasure Using Thresholdmeasurement functionmeasures properties of objects in an image of
any bit depth. Measurements aremade using a single channel.

The first step in object analysis is to threshold the image to separate, or segment, the objects from
their background. Because this method requires that the intensity values of pixels in an object fall
within a discrete range, certain types of images are not suitable for automatic object analysis, such
as those acquired using polarized light or using phase contrast (the phase-halo expands the outlines
of the objects, resulting in inaccuratemeasurements).

Because objects are separated based on differences of intensity values, the location of the outline of
an object may vary depending on the threshold levels that are set. Carefully select the upper and
lower limits for the threshold range. Youmay want to preview ameasurement several times using
different threshold ranges to be sure that your measurements will be based on an accurate
segmentation.

Also, keep inmind that when youmeasure discrete items (such as objects and pixels) with
continuous functions (for example, length or perimeter) the precision of themeasurement is based on
the clarity of the discrete item. If one image is much sharper than another, themeasurement of the
object in the sharper image will bemore precise than themeasurement of the object that is in the
image that is less sharp because the details of the object are not as visible and therefore cannot be
measured as precisely.

Note: If you aremeasuringmore than one image, theMetaMorph NX Software uses the center
image to display thresholding. To verify that the thresholding is accurate, youmay want to
display a different image using the Single View mode.

This section describes:
l How tomeasuremorphometry

l Morphometry measurement definitions

To measure morphometry using thresholding

1. Open the dataset that contains the images that you want to measure.

2. On theMeasure tab, inMeasure, selectMeasure Using Threshold .

The options for configuring themeasurement appear in a popup area. You can configure the
measurement in the popup area or, if you prefer, you can click Configure and open a dialog box
that contains the same options.

3. In the Threshold Image field, select the channel to use to create the segmentation for
measuring or select Plane if no channels are available.

4. In theStandard Area Value field, type the size of a typical object (for example, a cell or
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nucleus) in squaremicrons.

Counting objects is often complicated by the fact that objects overlap or clump together when
thresholded, resulting in counts that are lower than the actual number of objects. The Standard
Area Value helps compensate for overlapping or clustered objects. The Standard Area Value
determines the standard area count reported in themeasurement results.

5. In the Threshold Low and Threshold High fields, type theminimum andmaximum intensity
values that should be included in the segmentation.

6. Select the Inclusive check box to include in the segmentation only those pixels with intensity
values that are between the Threshold Low and Threshold High intensity values. Clear the
check box to include in the segmentation only those pixels that have intensity values equal to
or outside of the range of the threshold values you specified (pixels with intensity values
between the threshold values will not be included in the segmentation).

7. Select theExclude objects touching edge check box to exclude objects that touch the edge
of the image from the segmentation. Clear the check box to include objects that touch the
edge of the image.

8. Select the Fill Holes check box to fill objects that contain "holes" in the segmentation. Clear
the check box to leave holes in objects empty in the segmentation.

Note: The centers of some objects have intensity values similar to the background of
the image and do not threshold well. Filling holes in objects ensures that they can be
accounted for in themeasurement results.

9. Do one of the following:

l Tomeasure just one image or the images that can fit in the image grid, on theHome tab
use the view modes to display just the image or images that you want to measure.

l Tomeasure the images that were acquired at all time points, Z positions, or stage
positions, on theMeasure tab select theAll Time, All Z, orAll Stage check box (you
can select more than one check box).

Note: Measurements aremade on either the images displayed in the image grid or the
images acquired at all time points, Z positions, or stage positions. If you want to
measure a range of images that cannot fit into the image grid, measure all the images
and then filter themeasurement results.

10. On theMeasure tab, click Measure.

TheMetaMorph NX Software creates a segmentation of the image, measures the objects in
the image, and stores themeasurement results in a new measurement set. The progress bar
at the bottom of the workspace shows the status of themeasurement. Once themeasurement
is finished, themeasurement set appears at the bottom of the list of measurement sets on the
Measure tab.

Note: To cancel ameasurement, click anywhere in the progress bar at the bottom of
the workspace and then click the Cancel button that appears. The data that was
calculated before you canceled themeasurement is stored in a new measurement set.
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11. To display the segmentation of the image, on theMeasure tab, select themeasurement set.

12. To display themeasurement results, click Show Table. See DisplayingMeasurement
Results in a Table.

13. To display the statistical summary of all measurements in themeasurement set, click Show
Summary.

If the data table is already open, the summary appears at the bottom of the table. If the data
table is not open, the data table opens and the summary appears at the bottom of the table.

14. To hide the statistical summary, click Show Summary again.

15. To display the original (source) image, on theMeasure tab, select Plane Information.

16. To delete themeasurement set, in the list of measurement sets, click the that is next to the
measurement set.

If you re-measure the same images, theMetaMorph NX Software uses the source images for
measurements, not themost recently created segmentation of the images.

Measurement definitions

TheMetaMorph NX Software can calculate the following types of morphometric measurements:
l AreaMeasurements

l DimensionMeasurements

l Shape, Position, andOrientationMeasurements

l Intensity Measurements

l Statistical (Summary) Measurements

Area measurements

Measurement Definition

Total Area The area of the entire object, including any holes present,
whether or not hole-filling is selected for themeasurement.

Area The area of the object in calibrated units.

(The area inside holes is not included unless hole-filling is
selected for themeasurement.)
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Measurement Definition

Hole Area The area of the holes in the object.

If hole-filling has been selected for themeasurement, this area
is zero (0).

Relative Hole Area The ratio of the hole area to the total area of the object.

A relative hole area of 0 indicates that the object has no holes,
whereas a relative hole area near 1 indicates that the object
consists mostly of holes.

If hole filling is selected, the Relative Hole Area is zero.

Standard Area Count The number of times larger that the object is than the value
defined as the standard area.

If an object has a standard area count less than 1.0, it will count
as a single object.
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Dimension measurements

Measurement Definition

Width The horizontal dimension of the object.

Height The vertical dimension of the object.

Length The span of the longest chord through the object.

Note: This measurement is calculated slightly differently in the
MetaMorph Software (version 7.7 and earlier). TheMetaMorph NX
Software uses amore comprehensive system for determining
maximum possible length.

Breadth The caliper width of the object, perpendicular to the longest chord.

Note:Due to changes in the way that Length is measured, this
measurement is also calculated slightly differently in theMetaMorph
Software (version 7.7 and earlier). See the description of Length
above.

Fiber Length The length of an object, assuming that it is a fiber.
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Measurement Definition

Fiber Breadth The width of an object, assuming that it is a fiber.

Shape, position, and orientation measurements

Measurement Definition

Perimeter The distance around the edge of the object, measuring from the
mid-points of each pixel that defines its border.

Centroid X and Y in
calibrated units

The X and Y coordinates of the centroid of the object. The
centroid is the center of mass of the object, ignoring pixel
intensities. Depending on the shape of the object, the centroid
may not be inside the object (for example, if the object is
concave).

Centroid X and Y in
pixel units

The X and Y coordinates of the centroid of the object, expressed
in pixels. (If the calibrated unit is 1, this measurement is the
same as the Centroid X and Y in calibrated units measurement.)

Orientation The angle between the longest chord through the object and the
horizontal axis.

Angles aremeasured from the "three o'clock" (East) position and
range from -90 to 90 degrees. Downward angles are expressed
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Measurement Definition

as positive numbers, and upward angles are expressed as
negative numbers.

Note: In theMetaMorph Software (version 7.7 and
earlier), in the IntegratedMorphometry Analysis
applicationmodule, downward angles were expressed as
negative numbers, and upward angles were expressed as
positive numbers.

Shape Factor A value from 0 (zero) to 1 representing how closely the object
represents a circle. A value near 0 indicates a flattened object,
and a value of 1 indicates a perfect circle.

Elliptical Form Factor The ratio of the object's breadth to its length.

Note:Due to changes in the way that Length is measured,
this measurement is also calculated slightly differently in
theMetaMorph Software (version 7.7 and earlier). See the
description of Length above.

Intensity measurements

Measurement Definition

Average Intensity The average of the pixel intensity values contained in the
object.

Integrated Intensity The sum of the intensity values for all pixels contained in the
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Measurement Definition

object.

Intensity Center X and Y The X and Y coordinates of the intensity-weighted centroid of
the object.

Intensity Standard
Deviation

The standard deviation around themean of the average
intensity value in the object.

Note:This measurement is calculated differently in the
MetaMorph Software (version 7.7 and earlier). The
MetaMorph NX Software uses a slightly more
comprehensive calculation.

Maximum Themaximum pixel intensity value in the object.

Minimum Theminimum pixel intensity value in the object.

Statistical (summary) measurements

Measurement Definition

Count The total number of objects measured.

Minimum Theminimum value of themeasurement
that was made.

Maximum Themaximum value of themeasurement
that was made.

Total The sum of themeasurements for a specific
parameter selected to bemeasured. For
example, if you aremeasuring width, the
total value is the sum of width
measurements for all objects measured.

Average The sum of all measures divided by the
number of measures. The average is
calculated by the formula:
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Measurement Definition

where n = number of measures.

Standard deviation A measure of the variability of a set of
measurements around their average. The
standard deviation is defined as the positive
square root of the variance.

Drawing and Measuring Regions
Using the region drawing tools, you can draw regions on images and thenmeasure the area, shape,
position, dimension (such as perimeter and length), and intensity of the regions. For example, you
may want to measure the intensity of a region on an image acquired with multiple channels over time;
then, you can use themeasurement results to create a line graph that compares the intensity values
of the region across channels.

As you draw a region on an image, the region is simultaneously drawn on all images. For example:

You canmeasure the regions on just the images that are displayed in the image grid, or you can
measure the regions on the images in the dataset that were acquired at all time points, all Z steps, or
all stage positions.

When regions aremeasured, they are converted to objects. Regionmeasurements are the same as
themeasurements obtained with theMeasure Using Thresholdmeasurement function, which also
uses threshold values to define objects in an image. For regions, theMetaMorph NX Software
provides an additional measurement — line length— as well as intensity data for the selected
channel or all channels.
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After regions aremeasured, they are saved as ameasurement set and are stored with the dataset.

This section describes:
l How to draw andmeasure regions

l Regionmeasurement definitions

To draw and measure regions

1. Open the dataset that contains the images.

2. Do one of the following:

l Tomeasure regions on just one image or the images that can fit in the image grid, on the
Home tab use the view modes to display just the images that you want to measure.

l Tomeasure regions on the images that were acquired at all time points, Z positions, or
stage positions, on theMeasure tab select theAll Time, All Z, orAll Stage check box
(you can select more than one check box). If you select one or more of these options, it
does not matter which images are displayed in the image grid.

Note: Measurements aremade on the regions in either the images displayed in the
image grid or the images acquired at all time points, Z positions, or stage positions. If
you want to measure a range of images that cannot fit into the image grid, measure all
the images and then filter themeasurement results.

3. On theMeasure tab, inRegions, select one of the drawing tools:

Use this tool To create...

closed rectangular regions in which all of the pixels within the
boundaries of the region outline aremeasured; must be at least two
pixels by two pixels

closed circular regions in which all of the pixels within the boundaries
of the region outline aremeasured; must be at least two pixels by two
pixels

hand-traced closed regions in which all of the pixels within the
boundaries of the region outline aremeasured; must be at least two
pixels by two pixels

line regions that are one-pixel wide and at least two pixels long; all
measurements will bemade on only pixels that are under the line

multiple-point lines that are one-pixel wide and at least two pixels
long; all measurements will bemade on only those pixels that are
under the line

freehand line regions that are one-pixel wide and at least two pixels
long; all measurements will bemade on only those pixels that are
under the line

5011685.B 139

#DatasetAndStagePosition
#DatasetAndStagePosition
#DatasetAndStagePosition


Chapter 8: Measuring and Analyzing Images

4. Left-click themouse and drag it to draw a region on an image.

As you draw a region on an image, the region is drawn simultaneously on all images in the
dataset.

Note: If you draw a region within a region or if you overlap regions, each region is
measured separately. That is, the overlapping area of the regions is counted as part of
each region.

Use the wheel on your mouse to zoom in on an image to draw amore precise region.
Then, in the zoom control window, drag the zoom area to another location and draw more
regions.

5. To delete all regions, inRegions, scroll to the end of the list of tools and select Clear all
regions.

6. After you have drawn the regions that you want to measure, in the list of measurement

functions on theMeasure tab, selectMeasure Regions .

The options for configuring regionmeasurements appear in a popup area. You can configure
themeasurement in the popup area or, if you prefer, you can click Configure and open a dialog
box that contains the same options.

7. In the Region Source field, select the channel to use to create the segmentation for
measuring the regions.

Measurements aremade using a single channel unless you select the All channels check box
as described in Step 10.

8. In theStandard Area Value field, enter the size (in microns) of a typical cell.

Measuring objects is often complicated by the fact that objects overlap or clump together
when thresholded, resulting in counts that are lower than the actual number of objects. The
Standard Area Value helps compensate for overlapping or clustered objects. The Standard
Area Value determines the standard area count reported in themeasurement results.

9. Tomeasure the intensity of all channels in the region, select theAll channels check box, or if
you want to measure the intensity of just the channel selected in the Region Source field, clear
this check box.

10. On theMeasure tab, click Measure.

TheMetaMorph NX Software converts the regions to objects, creates a segmentation of the
image, measures the objects, and stores themeasurement results in a new measurement set.
The progress bar at the bottom of the workspace shows the status of themeasurement. Once
themeasurement is finished, the new measurement set appears at the bottom of the list of
measurement sets on theMeasure tab.

Note: To cancel ameasurement, click anywhere in the progress bar at the bottom of
the workspace and then click the Cancel button that appears. The data that was
calculated before you canceled themeasurement is stored in a new measurement set.

140 5011685.B



MetaMorph® NX Microscopy Automation & Image Analysis Software User Guide

11. To display the segmentation of the image that shows the regions as objects, on theMeasure
tab, select the new measurement set.

12. To display themeasurement results, click Show Table. See DisplayingMeasurement
Results in a Table.

13. To display the statistical summary of all measurements in themeasurement set, click Show
Summary.

If the data table is already open, the summary appears at the bottom of the table. If the data
table is not open, the data table opens and the summary appears at the bottom of the table.

14. To hide the statistical summary, click Show Summary again.

15. To display the original (source) image, on theMeasure tab, select Plane Information.

You can draw additional regions on the original image or on the segmentation of the image and
re-measure the regions as many times as needed. Each time youmeasure regions, the
measurement results are stored in a new measurement set.

16. To delete themeasurement set, in the list of measurement sets, click the that is next to the
measurement set.

Region measurement definitions

TheMetaMorph NX Software calculates the following types of regionmeasurements:
l AreaMeasurements

l DimensionMeasurements

l Shape, Position, andOrientationMeasurements

l Intensity Measurements

l Statistical (Summary) Measurements

Area measurements

Measurement Definition

Area, Total Area The area of the entire region.

Hole Area, Relative Hole
Area

Not applicable for regions.

Standard Area Count The number of times larger that the region is than the value defined
as the standard area.

If an object has a standard area count less than 1.0, it will count as
a single object.
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Measurement Definition

Dimension measurements

Measurement Definition

Width The horizontal dimension of the region.

Height The vertical dimension of the region.

Length The span of the longest chord through the region.

Note: This measurement is calculated slightly differently in the
MetaMorph Software (version 7.7 and earlier). TheMetaMorph
NXSoftware uses amore comprehensive system for determining
maximum possible length.

Line Length The distance of a line that was drawnwith the line, multiple point line, or
freehand line tool. If the region is a closed region (for example, a closed
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Measurement Definition

rectangle), the Line Length is zero.

Breadth The caliper width of the region, perpendicular to the longest chord.

Note:Due to changes in the way that Length is measured, this
measurement is calculated slightly differently in theMetaMorph
Software (version 7.7 and earlier). See the description of Length
above.

Fiber Length The length of a region, assuming that it is a fiber.

Fiber Breadth The width of a region, assuming that it is a fiber.

Shape, position, and orientation measurements

Measurement Definition

Perimeter The distance around the edge of the region, measuring from themid-
points of each pixel that defines its border. If the region is a line, the
perimeter is the Line Lengthmultiplied by two.
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Measurement Definition

Centroid X and Y in
calibrated units

The X and Y coordinates of the centroid of the region. The centroid is the
center of mass of the region, ignoring pixel intensities. Depending on the
shape of the region, the centroid may not be inside the region (for
example, if the region is concave).

Centroid X and Y in
pixel units

The X and Y coordinates of the centroid of the region, expressed in
pixels. (If the calibrated unit is 1, this measurement is the same as the
Centroid X and Y in calibrated units measurement.)
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Measurement Definition

Orientation The angle between the longest chord through the region and the
horizontal axis. The range is -90 to 90 degrees.

Angles aremeasured from the "three o'clock" (East) position and range
from 0 to 180 degrees. Downward angles are expressed as positive
numbers, and upward angles are expressed as negative numbers.

Note: In theMetaMorph Software (version 7.7 and earlier), in the
IntegratedMorphometry Analysis applicationmodule, downward
angles were expressed as negative numbers, and upward angles
were expressed as positive numbers.

Shape Factor A value from 0 (zero) to 1 representing how closely the region represents
a circle. A value near 0 indicates a flattened object, and a value of 1
indicates a perfect circle.

Elliptical Form Factor The ratio of the breadth of the region to its length.

Note:Due to changes in the way that Length is measured, this
measurement is calculated slightly differently in theMetaMorph
Software (version 7.7 and earlier). See the description of Length
above.
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Intensity measurements

Measurement Definition

Average Intensity The average of the pixel intensity values contained in the region.

Integrated Intensity The sum of the intensity values for all pixels contained in the
region.

Intensity Center X and Y The X and Y coordinates of the intensity-weighted centroid of the
region.

Intensity Standard
Deviation

The standard deviation around themean of the average intensity
value in the region.

Note:This measurement is calculated differently in the
MetaMorph Software (version 7.7 and earlier). The
MetaMorph NX Software uses a slightly more
comprehensive calculation.

Maximum Themaximum pixel intensity value in the region.

Minimum Theminimum pixel intensity value in the region.

Statistical (summary) measurements

Measurement Definition

Count The total number of regions measured.

Minimum Theminimum value of themeasurement that was made.

Maximum Themaximum value of themeasurement that was made.

Total The sum of values for a specific measurement. For example, for
width, the total value is the sum of widthmeasurements for all
regions measured.

Average The sum of all measures divided by the number of measures. The
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Measurement Definition

average is calculated by the formula:

where n = number of measures.

Standard deviation A measure of the variability of a set of measurements around
their average. The standard deviation is defined as the positive
square root of the variance.

Counting Nuclei
The Count Nuclei measurement function identifies and isolates cell nuclei through image
segmentation. The segmented image displays each nucleus in yellow.

Any nuclei-like pattern in the image less than the specifiedminimum width will be considered to be
background "noise," and will be excluded from the segmentation. The value you specify for the
maximum width can be used to exclude any blobs larger than the specified size, to help divide
touching cells and is used in to calculate the background intensity estimates in the locality of each
nucleus.

The Count Nuclei measurement function uses the Adaptive Background Correction™ system to help
correct uneven image backgrounds.

This section describes:
l How to count nuclei

l Count Nuclei measurement definitions

To count nuclei

1. Open the dataset that contains the images.

2. On theMeasure tab, in the list of measurement functions, select Count Nuclei .

The options for configuring themeasurement appear in a popup area. You can configure the
measurement in the popup area or, if you prefer, you can click Configure and open a dialog box
that contains the same options.

3. In the Source field, select the channel to use to create the segmentation for counting nuclei.
Measurements aremade using a single channel.

4. In the Intensity Above Local Background field, type the difference in intensity between the
dimmest part of a nucleus and the background adjacent to it. This value controls the sensitivity
of the detection of nuclei. The lower the value, themore sensitive the detection.

5. In theApproximate Minimum Width field, type the approximateminimum cell nuclei width
(in calibrated units) to include in the count. Nuclei patterns in the imagemuch less than this
width will be considered to be noise patterns.
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6. In theApproximate Maximum Width field, type the approximatemaximum nuclei width (in
calibrated units) to include in the count. This value is used to differentiate nuclei from non-
nuclear material (background fluctuations or shading errors), to separate touching cells, and to
exclude nuclei greater than the specified size from the segmentation.

7. Do one of the following:

l To count the nuclei in just one image or the images that can fit in the image grid, on the
Home tab use the view modes to display just the images that you want to measure.

l To count the nuclei in the images that were acquired at all time points, Z positions, or
stage positions, on theMeasure tab select theAll Time, All Z, orAll Stage check box
(you can select more than one check box).

Note: Nuclei are counted in either the images displayed in the image grid or the images
acquired at all time points, Z steps, or stage positions. If you want to count nuclei in a
range of images that cannot fit into the image grid, count the nuclei in all of the images
and then filter themeasurement results.

8. On theMeasure tab, click Measure.

TheMetaMorph NX Software creates a segmentation of the image, counts the nuclei in the
image, and stores the results in a new measurement set. The progress bar at the bottom of the
workspace shows the status of themeasurement. Once themeasurement is finished, the new
measurement set appears at the bottom of the list of measurement sets on theMeasure tab.

Note: To cancel ameasurement, click anywhere in the progress bar at the bottom of
the workspace and then click the Cancel button that appears. The data that was
calculated before you canceled themeasurement is stored in a new measurement set.

9. To display the segmentation of the image, on theMeasure tab, select the new measurement
set.

10. To display themeasurement results, click Show Table. See DisplayingMeasurement
Results in a Table.

11. To display the statistical summary of all measurements in themeasurement set, click Show
Summary.

If the data table is already open, the summary appears at the bottom of the table. If the data
table is not open, the data table opens and the summary appears at the bottom of the table.

12. To hide the statistical summary, click Show Summary again.

13. To display the original (source) image, on theMeasure tab, select Plane Information.

14. To delete themeasurement set, in the list of measurement sets, click the that is next to the
measurement set.

If you re-measure the same images, theMetaMorph NX Software uses the source images for
measurements, not themost recent segmentation of the images.
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Count Nuclei measurement definitions

Measurement Definition

Area Total area for a specific nucleus.

Integrated Intensity The integrated (total) intensity for a specific nucleus.

Average Intensity The average intensity for a specific nucleus.

Statistical (Summary) Measurements

Count The total number of nuclei in the image.

Minimum Theminimum value of themeasurement that was made.

Maximum Themaximum value of themeasurement that was made.

Total The sum of the values for a specific measurement. For
example, the total value for the areameasurement is the
sum of areameasurements for all nuclei in the image.

Average The sum of all measurements divided by the number of
measurements. The average is calculated by the formula:

where n = number of measurements.

Standard deviation A measure of the variability of a set of measurements
around their average. The standard deviation is defined as
the positive square root of the variance.

Displaying Measurement Results in a Table
Each time youmeasure objects or regions in an image or images, theMetaMorph NX Software stores
the results in ameasurement set. TheMeasure tab lists all of themeasurement sets that belong to
the open and selected dataset. You can view themeasurement results in a data table or graph, and
you can configure the results to display only the data that meet your specific criteria.

A measurement set has one data table. The table contains the following types of data, all of which
can be included, excluded, or sorted:

l the settings, or inputs, used tomake themeasurement (for example, the low and high
threshold values)

l themeasurement results (for example, intensity, perimeter, and area)

l measurement summary data (for example, total, average, and standard deviation)

l plane information (for example, image height and width; plane information is also available as a
separatemeasurement set)

If a graph for themeasurement set is open, when you click on a point in the graph, the data table
highlights the row that corresponds to the point and, if the image is in view, the image highlights the

5011685.B 149



Chapter 8: Measuring and Analyzing Images

corresponding object. Likewise, when you select a row in the data table, the graph highlights the point
that corresponds to the row and the image highlights the corresponding object. When you click on an
object in an image, the graph and table highlight the corresponding point and row. To select more than
one object, row, or point, use <CTRL>-click to select each item.

When you double-click a point on a graph or a row in the data table, the image display updates so
that the corresponding object is in view.

This section describes how to:
l Open a data table for ameasurement set

l Sort data in a column by ascending or descending values in the data table

l Include or exclude a column in the data table

l Filter data so that data is excluded from the data table

Note: The Configure Results option on theMeasure tab provides options for configuring filter
criteria for both the data table and graphs. The data table and graphs associated with a
measurement set share the same data and the same filter criteria. If you create a filter for a
graph that excludes certain data, that data will also be excluded from the data table. Likewise,
when you create a filter for a data table that excludes certain data, that data cannot be included
on a graph.

When configuring filter criteria for a line graph, do not exclude timemeasurements; line graphs
always plot timemeasurements on the X axis.

To open the data table for a measurement set

1. On theMeasure tab, in the list of measurement sets, select themeasurement set.

2. On theMeasure tab, inMeasurement Display, click Show Table.

3. To display themeasurement summary data in the data table, on theMeasure tab click Show
Summary; to hide the summary data click Show Summary again.

After the data table opens, you can configure the data as described in this section. You can also
resize or move the table to another place in the Dataset View so that it takes up less space or so that
you can compare it to the data table of another measurement set. See Rearranging Dataset Views.

If you select another measurement set while the data table is open, the table updates its display with
the data of the selectedmeasurement set.

To sort data in a column by ascending or descending values

1. Click on a column heading.

The data in the column is arranged in ascending order (the lowest value in the column appears
at the top and the highest value appears at the bottom). A triangle appears in the column
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2. To switch between ascending and descending order, click on the column heading again.

To include or exclude a column

1. On theMeasure tab, click Configure Results.

2. In theConfigure Results dialog box, expand the list of columns that contains the column that
you want to include or exclude.

3. To exclude a column from the data table, clear the check box next to the column name; to
include a column in themeasurement data table, select the check box next to the column
name.

4. Click OK.

TheMetaMorph NX Software updates themeasurement data table to show only the columns
you selected.

To filter data

1. On theMeasure tab, select themeasurement set that you want to filter, and then click
Configure Results.

2. In theConfigure Results dialog box, click Filters.

3. In the Filters section, click Add Filter.

4. In theColumn Name field, select the column (measurement) in the data table that contains
data that you want to filter.

5. In the Filter Type field:

Select... To...

MinFilter include all values in the column that aremore than or above
theminimum value that you specify in theMin Value field
that appears

MaxFilter include all values in the column that are less than or below
themaximum value that you specify in theMax Value field
that appears

RangeFilter include all values in the column between theminimum and
maximum values that you specify in theMin Value andMax
Value fields that appear

MatchFilter include all values in the column that are the same as the
value that you specify in theMax Value field that appears

6. Select theUse Inclusive check box to include the values that you entered in the filter criteria
in Step 5. For example, if you select this check box and enter 30 in theMin Value field and 50
in theMax Value field, the filter includes all values between 30 and 50 as well as the values 30
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and 50; if you do not select this check box, the filter includes all values between 30 and 50 but
excludes the values 30 and 50.

7. To create additional filters, repeat Steps 3 through 6.

8. Click OK.

TheMetaMorph NX Software updates themeasurement data table to show only the data that
meets the criteria that you specified in the filters.

Exporting Measurement Data
You can export measurement data as it is configured in the data table to either aMicrosoft Office
Excel 2003 or 2007 spreadsheet or a text file. TheMetaMorph NX Software exports just the data that
is in the table when you export it; that is, if you have configured themeasurement results so that
certain data is excluded, the data that was excluded will not be exported. The order in which the data
is sorted in the data table is not preserved when you export the data.

This section describes how to:
l Export data to an open Excel spreadsheet

l Export data to an Excel file while Microsoft Excel is closed or not installed

l Export measurement data to a text file (CSV format)

To export data to an open Excel spreadsheet

If Microsoft Excel is not open before you export data, theMetaMorph NX Software will open a new
spreadsheet for the exported data. If a Microsoft Excel spreadsheet is open, each time you export
data, that data appears in a new worksheet in the open spreadsheet.

1. Configure themeasurement results so that the data table contains only the data that you want
to export.

2. On theMeasure tab, click Export to Excel.

Microsoft Excel opens and displays the data that you exported in a new Microsoft Excel
spreadsheet.

3. To export another set of data into a new worksheet in the same spreadsheet, keep the
spreadsheet open and repeat Steps 1-2.

To export data to an Excel file while Microsoft Excel is closed or
not installed

While keepingMicrosoft Excel closed, you can export data directly to aMicrosoft Excel file that you
specify. Even if Microsoft Excel is not installed on your computer, you can export data to an Excel file
which can then be opened on another computer that has Excel installed.

CAUTION! If you export data to an existing spreadsheet, the exported data overwrites all
existing data in the spreadsheet; a new worksheet is not created in the spreadsheet.
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1. Configure themeasurement results so that the data table contains only the data that you want
to export.

2. On theMeasure tab, click Export to File.

3. In the File Path field, verify or type the location of the file into which the data will be exported.
By default, theMetaMorph NX Software saves the file with the open dataset.

4. In the File Type field, select Excel.

5. In theWorksheet Title field, verify or type the name of the new worksheet.

6. Click OK.

To export data to a text file

You can export data directly to a text file (comma-separated values format). The text file does not
automatically open when you export data to it.

CAUTION! If you export data to an existing file, the exported data overwrites all existing data
in the file; the data is not appended to the file.

1. Configure themeasurement results so that the data table contains only the data that you want
to export.

2. On theMeasure tab, click Export to File.

3. In the File Path field, verify or type the location of the file into which the data will be exported.
By default, theMetaMorph NX Software saves the file with the open dataset.

4. In the File Type field, select Csv.

5. Click OK.

Graphing Measurement Results
TheMetaMorph NX Software provides two types of graphs:

l Scatter plot — shows the relationship between any twomeasurements including:

o the settings, or input, used tomake themeasurement (for example, the low and high
threshold values)

o themeasurement results (for example, intensity, perimeter, and area)

o measurement summary data (for example, total, average, and standard deviation)

o plane information (for example, image height and width)

l Line graph— shows how a specific measurement of a region or regions changes over time

While a dataset is open, you can create as many graphs as needed for eachmeasurement set.
Graphs are displayed in the Dataset View of the dataset that supplied the data for the graph, so when
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multiple graphs and datasets are open it is clear which graph belongs to whichmeasurement set and
dataset.

You can create a scatter plot using the data in the Plane Informationmeasurement set without
making any measurements. For example, youmay want to graph time points and Z steps.

Note: The Configure Results option on theMeasure tab provides options for configuring filter
criteria for both the data table and graphs. The data table and graphs associated with a
measurement set share the same data and the same filter criteria. If you create a filter for a
graph that excludes certain data, that data will also be excluded from the data table. Likewise,
when you create a filter for a data table that excludes certain data, that data cannot be included
on a graph.

When configuring filter criteria for a line graph, do not exclude timemeasurements; line graphs
always plot timemeasurements on the X axis.

If the data table for themeasurement set is open, when you click on a point in a graph, the data table
highlights the row that corresponds to the point and, if the image is in view, the image highlights the
corresponding object. Likewise, when you select a row in the data table, the graph highlights the point
that corresponds to the row and the image highlights the corresponding object. When you click on an
object in an image, the graph and table highlight the corresponding point and row. To select more than
one object, row, or point, use <CTRL>-click to select each item.

When you double-click a point on a graph or a row in the data table, the image display updates so
that the corresponding object is in view.

While graphs are open in a Dataset View, you can select ameasurement set on theMeasure tab to
view the data in themeasurement set as configured for that graph, and then select another
measurement set to view the data as configured for that graph, and so on. When you close an
experiment, theMetaMorph NX Software remembers the settings used for the last graph that you
created. The next time you open the same experiment or a different one, the first graph that you
create will display the same settings as the last graph that you created. If you want to compare
similar data between datasets and experiments, you can do so without needing to reconfigure the
settings for each graph.

This section describes how to:
l Create a graph of measurement results

l Filter data for a graph

l Configure the graph style and range of data

l Change the graph type

To create a graph of measurement results

Decide whether you want to create a line graph or a scatter plot. Line graphs can be used only with
measurement sets that contain region data and are typically used for comparing intensity values in
regions over time.
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1. Open the dataset that has themeasurement set containing data that you want to plot on a
graph.

2. On theMeasure tab, select themeasurement set and then inMeasurement Display, click
Add Graph to create a line graph or click Add Scatter Plot to create a scatter plot graph.

The graph appears in the Dataset View and aGraph tab appears on the ribbon.

Note: Line graphs show how a regionmeasurement changes over time. Line graphs
always display timemeasurements along the X axis.

3. On the graph, in theX Axis field andY Axis field, select themeasurements to plot on the X
and Y axes.

You can also select themeasurements for the X and Y axes on theGraph tab while you are
configuring the style of and range of data for a graph. See To configure the graph style and
range of data.

When you double-click a point on a graph or double-click a row in the data table, the image
grid shifts the images to bring the corresponding object into view.

You can create as many graphs for themeasurement set as needed. Youmay want to resize or move
the graph to another place in the Dataset View so that it takes up less space or so that you can
compare it to the data table or another graph. See Rearranging Dataset Views.

To filter data for a graph

1. On theMeasure tab, select themeasurement set that contains the data that you want to
graph.

2. On theMeasure tab, click Configure Results.

3. In theConfigure Results dialog box, click Filters.

4. In the Filters section, click Add Filter.

5. In the Filter Type field:

Select... To...

MinFilter include all values of themeasurement that aremore than or above
theminimum value that you specify

MaxFilter include all values of themeasurement that are less than or below
themaximum value that you specify

RangeFilter include all values of themeasurement between theminimum and
maximum values that you specify

MatchFilter include all values of themeasurement that are the same as the
value that you specify

6. Select theUse Inclusive check box to include the values that you specified in the filter criteria
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in Step 5. For example, if you select this check box and type 30 in theMin Value field and 50 in
theMax Value field, the filter includes all values between 30 and 50 as well as the values 30
and 50; if you do not select this check box, the filter includes all values between 30 and 50 but
excludes the values 30 and 50.

To configure the graph style and range of data

Use the options on theGraph tab to quickly changemany settings of the open and selected graph,
such as the layout, marker style, and range of the X and Y axes data. Use theGraph Settings dialog
box to configure additional settings.

Graph Tab Options Graph Settings Dialog Box Options

X and Y axes data and axes range (for
example, auto scale or a defined range),
zoom in on and out of the range of data
displayed or display full range of data,
and scroll the graph left, right, up, or
down

X and Y axes data and axes range (for example, auto
scale or a defined range)

Layout (include or exclude grid lines,
legend, axes, axes labels, title)

Include or exclude grid lines, title, legend, axes, axes
labels, and tick labels

Marker shape, size, and color Additional marker shapes, sizes, and colors

Options for the range of data displayed Background color

Text for title and axes labels

1. Select the open graph that you want to configure.

2. On theGraph tab, inGraph Types, click the dialog box launcher in the lower right corner of
the group.

Right click anywhere on a graph and select Graph Settings to open theGraph Settings
dialog box.

3. In theGraph Settings dialog box, confirm or select themeasurement data to plot on the X and
Y axes.

4. Click Data Display and, to display a title on the graph, select theShow Title check box and
type a title in the Title field.

5. To show grid lines or a legend, select theShow Grid Lines orShow Legend check box.

6. Select a background color for the graph.

7. Select the color, style, and size of themarker used for data points.

8. Click X Axis and, in theDisplay field, select the position of the axis on the graph.

9. Click Range and either select theAuto Scale check box to include all values for the
measurement on the axis or clear the check box and type theminimum andmaximum values
for the axis.

10. Click Axis Label and, to display an axis label, select theShow Label check box; then, select
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either aColumn Name as the axis label or select Custom and type a label in the Text field.

11. To display tick labels on the axis, select theShow Tick Labels check box.

12. Click Y Axis and repeat Steps 8 through 11 for the Y axis.

The last graph style that you used before closing an experiment becomes the default style for the first
graph that you create when you open the same experiment again or when you open another
experiment.

To change the graph type

1. Select the open graph that you want to convert.

2. On theGraph tab, inGraph Types, click Convert to Line Graph orConvert to Scatter Plot.

Note: Line graphs always display timemeasurements along the X axis; if the X axis on
a scatter plot is not a timemeasurement, the X axis will change to a timemeasurement
if you convert the scatter plot to a line graph.

Adaptive Background Correction™
The Adaptive Background Correction™ system automatically corrects uneven image backgrounds
throughout the image by adapting to local content. This allows for more robust segmentation and
analysis repeatability.

Uneven background levels that vary between images or within a single image are a common problem
in automated fluorescence image analysis. For example, the following image has a significantly
brighter background in the lower right quadrant than in the upper left quadrant.

5011685.B 157



Chapter 8: Measuring and Analyzing Images

As a result of uneven background, intensity thresholding cannot extract the cells for counting and
measuring. Too high a thresholdmisses cells in the dark background regions, while too low a
threshold incorrectly detects the bright background region as a large object. In the following example,
the thresholding result is shown as a red graphic overlay on the original image.

The Adaptive Background Correction system automatically estimates and compensates for uneven
background fluctuations, resulting in better object segmentation for more accurate counting and
measurements. For example, in the following image, the segmentation result is shown as a red
graphic overlay on the original image, with far superior detection than the non-adaptive thresholding
method.
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How can I compare images acquired at various stage positions?

Using the filmstrip or the drop-down list on the Home tab, select a stage position. Then, open
another tabbed window (click the + sign on the extra tab) and select another stage position.
You can arrange the tabbed windows in the workspace so that you can compare images side-
by-side. You can open and rearrange as many Dataset Views and tabbed windows as needed.

See Rearranging Dataset Views.

I acquired 10 images, so why are just 5 images displayed in the Dataset
View?

The current view modemay not show one of the dimensions in the images that you just
acquired. For example, if you acquired a Z series of 5 steps with 2 channels, and the view
mode is Time vs Z, the Data View will display just the images taken at the 5 Z positions with
the first channel but not the second channel. In this case, youmust change the view mode to
Channel vs Z to display the images taken at the 5 Z positions with both channels.

See Viewing Images in a Dataset.

My dataset contains numerous images but, even when I am not using
Single Viewmode, only one image is displayed. How can I display
multiple images?

If the value in the row and column fields (next to the view mode on the Home tab) is set to 1, try
changing the value to a higher number and then adjust the value until you see the correct
number of images.

Why does the data in the measurement results table not reflect what I
see in the images in the image grid?

Youmay have zoomed in on the images so that regions on the images are out of the field of
view. TheMetaMorph® NX Softwaremay bemeasuring regions that you do not see.
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Why does my dataset contain duplicate images?

In a sparse acquisition, images are not necessarily acquired at every possible Z step, stage position,
or time point and they may not be acquired with every channel. For example, to save time or data
storage space, your experiment may use particular channels only occasionally. In this case, the
display "fills in" missing images by duplicating an existing image from the same channel. The
duplicate images appear in the image grid and are included in all measurements.

How do I remove a dataset from an experiment?

You should not remove a dataset or delete any files from an experiment folder. The experiment file
(.mexp file) contains references to all of the data in all datasets. If you remove a dataset or delete any
files, including image files, measurements and image displays may not be accurate or youmay not be
able to open the experiment.

Why has an "X" replaced some of the images in the image grid? Why am I
not able to make any measurements on the dataset that is missing images?

If you delete images from a dataset on your hard drive, those images are replaced with an "X" in the
image grid. You cannot makemeasurements on an incomplete dataset.

Why is the Save button on the Mode: Interactive tab dimmed and not
available to use?

Make sure you select the Latest Image tab by clicking anywhere inside the tab. Once the tab is
selected, an orange border appears around the tab and the Save button will be available.

I am trying to configure image autofocus; the sample looks like it is in focus
so why is autofocus not able to find the sample and autofocus the image?

If autofocusing does not produce in-focus images:
l An exposure timemay be too short, especially if the sample is dim, in which case the

autofocus systemmay not be able to find the sample. Youmay need to increase the exposure
time or change camera settings so that the autofocus system can find the dim site.

l The step sizemay be too small, in which case the autofocus systemmay not be able to
accurately distinguish noise from intensity signals from the sample; as a result, the autofocus
systemmay focus on something other than the sample.

l The rangemay be too small. Youmay need to increase the range so that the autofocus
system can find the sample.

l An exposure timemay be too long, causing the autofocus camera to become saturated and
unable to differentiate intensity signals from the sample. Youmay need to reduce the exposure
time or change camera settings.

l Youmay need to use the other autofocus algorithm.
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See Configuring Image Autofocus.

I just acquired images using the Multidimensional acquisition mode, so why
is there no Plane Information for the new dataset on the Measure tab?

When you acquire images, the Latest Image tab appears. Because the Latest Image tab does not
contain a full dataset, plane information is not available when the Latest Image tab is displayed. To
view the plane information for the new dataset, youmust switch from the Latest Image tab to the new
Dataset tab, click on the new dataset in the filmstrip, and then click Plane Information in theMeasure
tab.

How do I threshold an image?

Use theMeasure Using Thresholdmeasurement function to threshold an image using set values.
Although the thresholded image is not saved as a separate image, it is stored with themeasurement
set that is created when you use theMeasure Using Thresholdmeasurement function.

SeeMeasuringMorphometry of Objects.

I installed focus stabilization hardware but I do not see the Focus Stabilizer
options on the tab or in the Acquisition dialog box. Why?

Open the StageMotor Designations dialog box andmake sure that the Z motor that will be used for
focus stabilization is designated as the samemotor that will be used for autofocusing. For example, if
the Z motor that will be used for focus stabilization is designated as the Z2motor, then youmust also
designate the Z2motor as themotor to use for autofocusing.

See Designating Z Motors and Stages for Acquisition.

Why am I not able to measure an image that I just acquired using the
Interactive acquisition mode?

An imagemust be saved into a dataset before it can bemeasured. In Interactive acquisitionmode,
images are not saved automatically; you select the images to save into an existing or new dataset in
the open experiment.

See Acquiring Images in InteractiveMode.

How do I open images that were acquired with Version 7.7 of the MetaMorph
Software?

To open an image that is not part of an experiment created with theMetaMorph NX Software, you can
link the image to an existing or new MetaMorph NX Software experiment. From the Applicationmenu,
select Link Image and then select the current experiment or a new experiment.
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See Linking an Image to an Experiment.

How do I change the background color of a graph?

On theGraph tab, click the dialog box launcher in the Graph Types group (or right-click anywhere
on the graph) to open theGraph Settings dialog box. In the Graph Settings dialog box, click Data
Display and then select a background color.

SeeGraphingMeasurement Results.

How do I remove the regions frommy source image?

On theMeasure tab, scroll to the bottom of the list of region tools and select Clear all regions.

SeeGraphingMeasurement Results.
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The web site http://support.meta.moleculardevices.com provides links to technical notes,
Software upgrades, and other resources. If you do not find the answers you are seeking, follow
the links to the Technical Support Request Form. Fill out the form to send an e-mail to a
MetaMorph® NX Technical Support Representative.

TheMetaMorph NX Software saves configuration and error-related information for each
session. You can quickly create aWinZip file that contains information about the current
session, whichmay help a support representative diagnose issues.

TheWinZip file contains:
l A configuration file with information about the state of the software when it was

started

l A configuration file with information about the state of the software when the
WinZip file was created

l Hardware profiles

l Camera configuration files

l Status output log files

You can create theWinZip file in one of two ways:
l From theApplicationmenu, selectMetaMorph NX Administration and then click

Capture MetaMorph Configuration.

l If an error is displayed in the notification area at the bottom of theMetaMorph NX
workspace, click the error message and then click Capture MetaMorph
Configuration.

When the file is created, the followingmessage appears:
Settings captured and saved to disk

C:\Users\username\Documents\MetaMorph NX\MetaMorphNXReport-

YYYY-MM-DD-Time.zip
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Updates

You can quickly check for and download updates to theMetaMorph® NX Software in one of
two ways:

l On the ribbon, click the Help icon and select Check for Updates. Using this option,
you do not need to log in with your System ID to view theMetaMorph NX Software
updates page.

l Visit www.meta.moleculardevices.com/updatesNX. Using this option, youmust first
log in with your System ID before you can view theMetaMorph NX Software updates
page.
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Chapter 12: Microscopy and Image
Processing Resources

Web sites

www.microscopy.fsu.edu

www.modernmicroscopy.com

Journals

Imaging & Microscopy, published by Wiley InterScience

Journal of Microscopy, published by Wiley-Blackwell

Journal of Microscopy and Analysis, published by Wiley

Books

3D Images of Material Structures - Processing and Analysis, Joachim Ohser and Katja
Schladitz, Wiley-VCH, 2009

Digital Image Processing: A Practical Primer, Gregory A. Baxes, Cascade Press, 1988

Digital Image Processing, Kenneth R. Castleman, Prentice Hall, 1995

Digital Image Processing - Third Edition, Rafael C. Gonzalez and Richard E. Woods,
Prentice Hall, 2007

Digital Microscopy, Greenfield Sluder and David E. Wolf, Academic Press, 2004

Fluorescence Microscopy, Brian Herman and H. J. Tanke, Springer Publishing, 1998

Handbook of Biological Confocal Microscopy - Second Edition, James B. Pawley,
Springer Publishing, 2006

The Image Processing Handbook Sixth Edition, John C. Russ, CRC Press, 2006
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Light and Video Microscopy, Randy O. Wayne, Academic Press, 2008

Methods in Cellular Imaging, Ammasi Periasamy, American Physiological Society, 2001

Video Microscopy: The Fundamentals, Shinya Inoué and Kenneth R. Spring, Springer Publishing,
1997

Video Microscopy, Greenfield Sluder and David E. Wolf, Academic Press, 1998
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