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Creating a Working Environment:

The user will need to have ImageJ loaded on their computer. Both the macro and plugin were
written using ImageJ version 1.39u; thus, earlier versions of ImageJ may not be able to run the
macro and plugin properly. The plugin will consist of a single java file named AlignWiz_.java
and a number of class files that start with “AlignWiz” (like AlignWiz_.class,
AlignWiz_$0Panel.class, etc.), all of which should be placed in an Image] folder under ‘plugins’
(like ...ImagelJ/plugins/tools). The macro will consist of a single text file
“microBrainAlignMacro.txt” that should be placed in the ImageJ ‘macros’ folder (...
ImagelJ/macros). In addition, the user will also need to load the ImagelJ plugins TurboReg and
MultiStackRegFix so that both tools can align image sequences correctly. Moreover, the user
will also need to load the ImagelJ plugin NIfTi so that the final result can be saved in a SPM-
usable format. Below one can find more information about each of the plugins and how to install
all of the required software.
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The following are ImagelJ plugins used in our project:
Used to allow alignment of the imported image sequences:
TurboReg: http://bigwww.epfl.ch/thevenaz/turboreg/
***MultiStackReg: http://www.stanford.edu/~bbusse/work/downloads.html
Used to export image sequence in a SPM readable format:

NIfTi: http:/rsb.info.nih.gov/ij/plugins/nifti.html

ImagelJ general information, downloads and documentation:
Main information page: http://rsb.info.nih.gov/ij/


http://rsb.info.nih.gov/ij/
http://rsb.info.nih.gov/ij/plugins/nifti.html
http://www.stanford.edu/~bbusse/work/downloads.html
http://bigwww.epfl.ch/thevenaz/turboreg/
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Documentation on ImageJ Developer’s Resources:
API: http://rsb.info.nih.gov/ij/developer/api/index.html
Built-In Macro Functions: http://rsb.info.nih.gov/ij/developer/macro/functions.html

Statistical Parametric Mapping Software:
SPM software: http://www.fil.ion.ucl.ac.uk/spm/

***MultiStackReg was not directly used. It was revised and named “MultiStackRegFix” and
allows the following “additional” functionality:
1. Error checking to guarantee that the alignment plugin, MultiStackRegFix, ran to
completion
2. Error checking to guarantee that if a saved Transformation file is used for alignment, the
alignment will only occur if the image sequence to be aligned has the same number of
images and the same dimensions as the image sequence that originally generated the
saved Transformation file.
3. Modified to allow only three types of alignments when run in batch mode from a plugin
Or macro.

a. Rigid body alignments that save a Transformation file.

b. Alignments using a saved Transformation file.

c. Alignment using a saved Transformation file. Same as b. except the program
does not prompt the user to select where the saved Transformation file can be
found.

4. Modified to prevent warning messages from closing the macro if they appear during
execution of the MultiStackRegFix plugin.

5. Allows rigid body alignment and alignment from saved transforms for color images
(previously one could only align grayscale images in this way).

Loading ImageJ and all Needed Plugins and Macros:

1. Download and Load ImageJ. Go to http://rsb.info.nih.gov/ij/download.html and select the
appropriate download option. Download ImageJ bundled with Java if you do not already
have Java on your computer.

2. Download TurboReg plugin (http://bigwww.epfl.ch/thevenaz/turboreg/ ), extract files
and load *.java and *.class files into any applicable plugin folder in Imagel (ex. ...
/Imagel/plugins/tools or .../Imagel/plugins/stacks).

3. Download NIfTi Input/Output plugin (http://rsb.info.nih.gov/ij/plugins/nifti.html ), save
file and load nifti_io.jar file into Input-Output plugin folder in ImageJ (...
/Imagel/plugins/Input-Output).

4. Download MultiStackRegFix plugin (http://www.cs.unc.edu/Courses/comp523-
s08/3D_Neural/home.html ), extract files and load *.java and *.class files into any
applicable plugin folder in ImagelJ (ex. .../Imagel/plugins/tools or
Imagel/plugins/stacks).



http://www.cs.unc.edu/Courses/comp523-s08/3D_Neural/home.html
http://www.cs.unc.edu/Courses/comp523-s08/3D_Neural/home.html
http://rsb.info.nih.gov/ij/plugins/nifti.html
http://bigwww.epfl.ch/thevenaz/turboreg/
http://rsb.info.nih.gov/ij/download.html
http://www.fil.ion.ucl.ac.uk/spm/
http://rsb.info.nih.gov/ij/developer/macro/functions.html
http://rsb.info.nih.gov/ij/developer/api/index.html
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5.

7.

Download AlignWiz plugin (http://www.cs.unc.edu/Courses/comp523-
s08/3D_Neural/home.html ), extract files and load *.java and *.class files into any

applicable plugin folder in ImageJ (ex. .../Imagel/plugins/tools or
ImagelJ/plugins/stacks).

Download alignBrainOrBrainSection.txt (http://www.cs.unc.edu/Courses/comp523-
s08/3D_Neural/home.html ) and put the file in ImageJ/macros in ImageJ.

Importing Results from ImageJ Plugin & Macro into SPM:

Load MATLAB and SPM. SPM can be found at

fil.ion.ucl.a m/software/spm5/. You will need to complete the
registration form to download it. Unlike all other ‘open’ software for this project
MATLAB is a license product that the user will need to purchase in order to use. In
addition, other than opening and viewing the *.nii file in SPM, other functionality of
SPM has not been tested.

Open MATLAB, and change the Current Directory to the “spm5” folder (the main folder
where the SPM files are saved). You can do this by clicking the “...” symbol next to
“Current Directory” and browsing through your folders.

In the Command Window, type in “spm” and hit enter. A startup window should pop up
for SPMS5. Select “fMRI time series” to start SPM. Two more windows should pop up.

On the upper left window, click “Display,” and an “Image to Display” window should
pop up. On the left hand side of the “Image to Display” window, browse through your
folders and select the folder where your NIfTi1 (.nii) file is located. Select the appropriate
file and click “Done.”

Your image stack should now open in SPM.

Choosing the Plugin verses Macro:

We will have a plugin and a macro with similar functionality. They will both go through the set
of screens as specified in the flow diagram on the last page of this document. The only real
difference is that the macro runs faster, while the plugin has a more elegant user friendly
interface. The macro runs faster in masking, image import and other features that specifically
use the built-in macro language features. The Plugin provides a much more elegant user
interface and allows for wizard-like features which allow the user to return to the previous
selections using the back button and proceeding forward using the next button. This type of


http://www.fil.ion.ucl.ac.uk/spm/software/spm5/
http://www.cs.unc.edu/Courses/comp523-s08/3D_Neural/home.html
http://www.cs.unc.edu/Courses/comp523-s08/3D_Neural/home.html
http://www.cs.unc.edu/Courses/comp523-s08/3D_Neural/home.html
http://www.cs.unc.edu/Courses/comp523-s08/3D_Neural/home.html
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functionality is not possible using the macro language; thus, we recommend new and naive user
to use the plugin over the macro. The macro should be used by experienced users and running
multiple alignments where speed is essential. Step-by-Step directions for both of the Plugin and
Macro can be found below.

Directions for using the Plugin

General notes:

Pressing the Enter key is equivalent to clicking the “Next” button. If the “Quit” button is
highlighted by tabbing however, the Enter key is equivalent to clicking the “Quit” button.

Please do not open additional images in ImageJ while the plugin runs.

Please do not click on images during masking and alignment. This is when the wizard reads:
“Masking in progress...” or “Alignment in progress...”

Please also do not close image windows while the plugin runs, with the exception of 3D
projections. All other windows should close automatically when they are no longer needed.

Step-by-step directions:
1. What images are you working on?

Choose whether you are aligning images of an entire brain in grayscale, an entire brain in
color, or a brain section in grayscale.

-18x]

What images are you working on’?

i@ Entire brain {grayscale)
i) Entire brain {color)

i_) Brain section {grayscale or color)

| Mext || Quit ‘
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2. Please select how to align:
Select “Align with TurboReg” if you do not already have a transformation file. If you
have a transformation file you wish to use, select “Align with Transformation File.” If

you are working on colored images, you will not have a choice and they will be aligned
with TurboReg.

=10l x|

Please select how to align
i® Align with TurboReg (cells)

i Align with Transformation File (grains)

‘ Back H Mext || Quit |

3. Import image sequence:

Select the first image in your sequence, and then enter the appropriate parameters. For
instance, if your sequence consists of the images cells1.tif, cells3.tif, cells5.tif...
.cells99.tif, and you wish to keep the original image size, you would enter:

Start number: 1

End number: 99

Increment: 2

File name contains: cells

Scale: 100

Importing a sequence can be tricky in ImagelJ. Please see the troubleshooting section if
you encounter any problems.

You will get an error message in the following cases:

-No file is selected

-Start number is not a positive integer

-End number is not a positive integer

-Increment is not a positive integer

-Scale is not a positive integer

-Start number is greater than End number

-Increment is greater than the difference between Start number and End number
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If the file you selected is in a folder with no image files, you will get an error from
ImagelJ and will have to go back to the previous panel.

B alignwiz =0 x|

Import image sequence

Start number: 1
End number: 2
Increment: 1
File name contains:
Scale{%): 100
‘ Back || Next H Quit |

If you selected to align using TurboReg

4. Fix Images:

1) If your slices are all roughly oriented the same way, you can go ahead and click
“Next.” However, if the orientation between two adjacent slices differ greatly (for
instance, if the slices are rotated more than 30 degrees), please rotate or translate them
directly using ImageJ. You can go to Image-> Translate or Image—> Rotate to perform
these operations. Make sure the “Fill with background color” box is checked if you are
rotating. If you are translating, you will have to fill the background color in with the flood
fill tool afterwards.

2) If you chose to rotate or translate any images and are importing a corresponding image
sequence later, please remember all changes and apply them to the corresponding
image sequence when prompted to.

o]

Fix Images:
1) Rotate or Translate if orientation between slices differ greathy.
2) Remember all changes made and apphy them to corresponding sequence later.

‘ Back || Mext || Quit ‘

5. Masking image sequence:
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First, select a sigma value for the Gaussian blur. The default value is set to 4. Enter a
higher value for more blur and a lower value for less blur. Please note: clicking “OK”
more than once will increasingly blur the image instead of resetting the blur, so we

suggest starting out with a small sigma if you wish to repeatedly blur your image by
repeatedly clicking “OK.”

RI=E

Masking image sequence

Sigma for Gaussian bhlur: ‘4 | | 0K |

‘ Back H Next || Quit |

Once you click “OK,” a threshold window will appear. Please adjust the upper and lower
thresholds so that all portions of the image you wish to retain are covered. All other
portions will be converted to a uniform background color. To apply the threshold, you
can simply click “Next” without clicking anything on the Threshold window.

=TS

Masking image sequence

Sigma for Gaussian blur: ‘4 | | OK |

Please adjust the threshold so that the desired portions are covered,
click "apphy, click "OK' without checking any boxes, then click ‘Next'.

‘ Back H MNext || Quit |
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6. Pre-alignment processing

1) Erase any image imperfections with ImageJ’s paintbrush tool. Do not rotate or
translate images at this point. All rotations and translations should be performed at step 4.
If you are aligning colored images, the images will appear as grayscale here. You can still
erase any imperfections, and the resulting aligned stack will be in color.

2) Scroll to the most centered image, and click “Next”. The most centered image is an
image with an orientation which you wish to remain the same after alignment. For
instance, it may be the image with the most even amount of white space on all sides.

il

Pre-Alignment Processing:
1) Erase any image imperfections, hut do not rotate or translate image.
2) Select the most centered image to align on.

‘ Back || MNext H Quit |

3) The image window will now scroll through and mask each slice. After that is
complete, a popup window will appear to prompt you to choose where you want to save
your transformation file. The default folder and file name generally works, unless you are
doing multiple alignments on images in a single folder, in which case you would want to
rename the default file name so no files are overwritten. The mask images will be saved
under the default folder in a folder named “Mask.”
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4) The screen should now read “Alignment in process...” Do not click the scrollbar in the

image window during this process.

=5

Alighment in process...

| Back || MNext || Quiit |

7. Post-alignment processing

You can look at the results and choose to realign, save and view 3D projections, save
only, or start over.

10
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—ioi ]

Post-Alignment Processing

i) Realign Images

i Save Results and View 3D Projections
i@ Save Results

i) Start Ower

| Back || Next H Quit |

If you choose to save results, a file window will pop up and prompt you to choose where
to save your aligned results. All results will be saved as .nii files, even if you select
otherwise in the file window.

If you choose to save and view 3D projections, a file window will pop up to prompt you
to choose where to save your aligned results, then the 3D projections will be generated

. You will not be prompted to save the 3D projections. You can view them and close
them or save them manually.
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8. Results have been saved:

You can choose to import and align corresponding grains images, start over, or exit. Start
over takes you back to the starting panel (step 1).

11
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If you choose to import and align corresponding grains images, you will be taken to Step
3, and you will go through the same process without Steps 5 and 6.

=10l x|

Results have been saved

i@ Import corresponding images for alighment
i Start over

i Exit

| Back || HNext H Quit |

If you selected to align using Saved Transforms

6. Pre-Alignment Processing

Fix any image imperfections. You should apply any rotations or translations that were
applied to the original sequence from which the transformation file was obtained.

You do not have to scroll to the most centered image to align. The alignment will start on
the slice indicated by the transformation file.

—imix

Pre-Alignment Processing:
Apphy any rotations and translations applied to the original sequence.

‘ Back || MNext H Quit |

7. Import transformation and mask files

Select the transformation file you wish to use, as well as the mask file to be applied. If
you are working on images of an entire brain, simply select the mask for the first image

12
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of your sequence, and the rest should be automatically imported. Please note: the mask
images should be saved in a folder named “Mask,” and the images should be numbered
starting with the number “1,” and the files should contain the word “mask.” For instance,
if your sequence contains grains3.tif, grains4.tif, grains5.tif...grains20.tif, we expect your
mask files to be called mask1.tif, mask2.tif, mask3.tif...mask18.tif.

The dimensions of the mask files and the transformation file should both match the
dimensions of the sequence you imported. Otherwise, you will get an error if the image
height, image width, or number of images is inconsistent with the selected mask or

transformation file.

B alignwiz

Import Transformation and Mask files

Transformation file:

First mask image:

‘ Back H MNext || Quit |

=181 ]

Browse

Browse

8. Post-alignment processing

You can look at the results and choose to realign, save and view 3D projections, save

only, or start over.

B alignviz

Post-Alignment Processing

' Realign Images

' Save Results and View 3D Projections
® Save Results

i) Start Ower

| Back H MNext || Quit |

=10l x|

If you choose to realign, you will be asked to import a different transformation file and

mask file.

13
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If you choose to save results, a file window will pop up and prompt you to choose where
to save your aligned results. All results will be saved as .nii files, even if you select
otherwise in the file window.

If you choose to save and view 3D projections, the projections will be generated first, and
then a file window will pop up to prompt you to choose where to save your aligned
results. You will not be prompted to save the 3D projections. You can view them and

close them or save them manually.
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File: narne: j Save I
Save as ype: IAII Files [%.%] j Cancel |

)

9. Results have been saved

You can choose to start over or exit. Start over takes you back to the starting panel (Step

1).

Results have been saved

() Start over

) Exit

| Back H Next || Quit |

=10l x|
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Troubleshooting:

* Complex eigenvalues: If you are aligning colored images and get a window saying
“Complex eigenvalues found. Ignoring imaginary parts,” simply click “OK.” Alignment
should continue and work as normal.

* Templmages folder: If you find a folder named “Templmages” in your original images
folder, it is okay to delete it. It should be automatically deleted if you abort the plugin by
clicking “Quit” or selecting “Exit” on the last panel, but will not be automatically deleted
if you abort the plugin by directly closing the wizard window.

* Importing sequence: If you get the wrong image numbers when importing an image
sequence, it might be because the first image in your folder has an image number other
than “1.” This is because “Start number: n” in ImageJ means the n" image in your folder
of images. For instance, if your folder only contains “3.tif”, “4.tif”...”10.tif”’, ImageJ will
take “Start number: 3” to mean “5.tif,” which is the 3" image contained in your folder.
You can avoid this problem by renaming your images so that the lowest-numbered image
in your folder is always “1,” and that the image numbers in your folder increment by 1.

Faulty imports can also be because you did not specify a “File name contains” string and
your folder contains images with different names but the same numbers (such as “1.tif”
and “grains1.tif”). To avoid this problem, if you are going to have two different
sequences in the same folder, make sure all files have a string identifying them before the
image number in their file names. For instance, do not have the sequences “1.tif”,
“2.tif”,...”10.tif”, and “grainsl.tif”, “grains2.tif”,...”grains10.tif”, but instead, have the
sequences named “cells1.tif”, “cells2.tif”,...”cells10.tif”, and “grains].tif”,
“grains2.tif”,...”grains10.tif”. This way, you can and should always fill out the “File
name contains” field if you have image file names containing the same numbers in your
folder.

15
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Directions for using the Macro

General notes and troubleshooting:

If running both the Plugin and Macro sequentially close out ImageJ and reopen it prior to
running the other tool (Plugin or Macro dependent on the one that was used first). This prevents
ImagelJ from incorrectly processing the commands that are issued by the second tool to be used.
If one chooses only to run a single tool, like just the Plugin, calling the Plugin multiple times in a
single ImageJ session will not cause any problems with the Plugin’s functionality.

If macro fails to begin after selecting ‘Plugins—> Macros, and clicking on
‘alignBrainOrBrainSection’ on the bottom of the drop-down menu’ then one needs to re-install
the macro to get it to run. This will occasionally happen if one terminates the macro using ‘Quit’
and is presumably a bug in ImageJ.

Selecting the ‘Cancel’ Button any time during the running of the Macro causes the Macro to
abort and close immediately with no guarantee of saving the progress that one has made, instead
just choose ‘Quit’ when the opportunity is next offered.

The Macro closes all windows that it opens as it proceeds through its script, do not close any
windows or open any new windows (i.e. importing another set of images) unless instructed to do
so by the Macro while the Macro is running. Opening new windows OR closing open windows
when not instructed to do so by the Macro, will cause the Macro to run incorrectly and possibly
abort midway through its process.

The Macro tends to open multiple windows one on top of the other, as part of the normal
functioning of ImageJ Macro language. The user may find it necessary to select the active
window and move it to a different location to get access to windows that it may have hidden as
they are processing their image sequences.

Please read and follow the directions provided at each step. These directions are provided
specifically to help prevent the user from making errors in the process of using the Macro so that
they will successfully align their image sequence.

If for some reason the plugin used to align the image sequence fails and throws an error then the
error will appear and the macro will be aborted immediately. This alignment error would be due
to something innately wrong with the imported image sequence that prevented TurboReg from
being able to align the images (like "Insufficient accuracy."). If the error indicated something
that could not be fixed by the user then the user would not be able to align the image sequence
using our macro and would need to look for other means to align their images.

16
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Step-by-Step instructions:

To start/load the macro for use:

Version 03

1. Open Imagel, go to Plugins> Macros—> Install, select the alignBrainOrBrainSection.txt

file from ImageJ/macros, and click ‘Open.’

2. The macro should now be installed. Go again to Plugins—> Macros, and click on
‘alignBrainOrBrainSection’ on the bottom of the drop-down menu to use the macro.

File Edit Image Process Analyze BE A WWindow  Help

el T PR ENPNES) acros Istall..  CtrShif
Scrolling tool (or press space bar and drag) Shortcuts ] Run...

Utilities ¥ Startup Macros...

Mew. . Record...

Edit

Cormpile and Run...

3D

ABSnake
Analyze
Examples
Filters
Graphics
Input-output
Macros
Stacks

- v w w v w w w w

Tools

Read Me
I Aligning an entire brain (in color or grayscale)
1. The user selects the type of alignment from a drop down menu:

a. Grayscale Brain (aligning whole brain that is in grayscale)
b. Color Brain (aligning whole brain that is in color)
c. Brain Section (aligning brain section)
d. Quit
The user chooses to align “Grayscale Brain” or “Color Brain”

17
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. Begin Alignment Macro

Align 'Brain in Grayscale', 'Brain in Color' or 'Brain Section'?

Mote: "Cancel" exits entire macro.

Type of Alignment? Grayscale_arainj

Grayscale_Brain

Calor_Brain

Brain_Section QK | Cancel
it

The user selects the type of alignment from a drop down menu:
a. TurboReg (aligns with TurboReg)

b. SavedTransforms (aligns with saved Transforms file from previous alignment)
c. Quit

The user chooses to align “TurboReg”

Type of Alignment

Align with TurboReq' or 'Saved Transforms'?

Mote: "Cancel' exits entire macro.

Type of Alighment? |T|_||'L:|-:|Reg j

SavedTransforms ' |
Qi fiee |

Next the user needs to import the cells image sequence. The user is prompted to select
the location of a single file from the image sequence and then the user is prompted to
enter the following fields to allow the user to import the cells image sequence.
Start Number (a positive integer that indicates the first image in the sequence)
End Number (a positive integer that indicates the last image in the sequence)
Increment (a positive integer of value 1 or greater that indicates by what
increment images are to be imported in)
Scale (a positive integer that indicates how much to reduce the resolution of the
imported images where 100% indicates no reduction)
Contains (a string that is common to all image sequence file names)
After the user enters these fields and clicks ‘ok’, the image sequence will be imported
into ImageJ and appear in the active image window.
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. Import Cells Image Sequence

Toimpartthe image sequence, select an image file
contained in the desired image sequence.

Mote: "Cancel" exits entire macro.

| cancel

Select an image contained in the image sequence

Look in: | ) Cezed ﬂ i EE
. = alignmentResults. i =] 50,6 [i] 5. i
‘33' [Z] xalign.bxt =] 4.t (5] 34 iF
My Recent | [Z] TransformationMatrices.bxt ] 48,4 (] 33 kiF
DDCE‘I“E”‘S alignmentResults_Grains.nii  [=] 47.tF ] 32 kiF
?“L' =] (=) 4.6F ] 31
] e0.tF &) 45.iF =) 20.6F
Desktop (] =g, 1 (=] 4.1 ) 29,1
. =] 53, tif =] 43,0 =] 2. kif
J =] 57,1 (=] 42.6f F
=] 56 tif =] 410 ] 28 kif
My Dosuments | ) ce e [ 401 (i) 251
. =] 54.tiF =] 2.6 (] 24 kiF
59?! =] 53.6F &) 3. if ) 23.kiF
My Computer =] 52 tif =] =7 ] 22 i
=] 51.tif =] 26,0 =] 21.if
g - ' :
My Network  File name: [27 i | Open
Places
Files of type: |A|| Files .7 ﬂ Cancel

|
. Import Cells Image Sequence E|

Starting number:
End number:
Increment:

Scale(%): (100

Jiin

File name contains:

Mote: "Cancel" exits entire macro.

Ok | Cancel|

Version 03

4. Next the user needs to create masks for the imported image sequence. The user will need

to use Gaussian blur and Thresholding ImagelJ functions to do this.

19



Date: 04/25/2008 Version 03
Authors: Ping Fu and Jennifer Staab, UNC-Chapel Hill

(Step 1) First the user will be asked to set the Gaussian blur, the program defaults to a
value of 4. Note that the higher the value the more blurred the resulting image will
appear. Once a value has been selected the user clicks ‘OK’.

(Step 2) Next the user is asked to mask out the background using by picking the correct
threshold value. First the Threshold window titled “Threshold” may appear underneath
the two other windows that are open at the time (the active image sequence window and
the “User Picks Threshold to Mask Out Background” window). If this is the case, the
user will need to drag all three windows to separate locations on their monitor. Once the
user is able to get access to the “Threshold” window they need to slide the bottom most
scrollbar (‘upper’ threshold) towards the right until the area that encompasses the entire
brain for each image in the image sequence is entirely filled with red. If other areas in
the image sequence fill with red in the process that is ok as long as the entire image isn’t
all red. If the entire image is all red one need to move the bottom most scroll bar in the
threshold window to the left enough so that the entire images aren’t all red. Once the
images in the image sequence all have the entire brain area covered with red the user
needs to click the “Apply” button in the Threshold window.

f'é

110 (13; 224%168 pixels; 5-bit, 362K

BE‘@ Step #1:

% Select Gaussian Blur g|

Sigma (Radius):

Mote: "Cancel" exits entire macro.

Ok Cancel

Step # 2:

T

Use the "Threshold" tool to adjust the threshald and click "Apply",
then close "Threshold" window & click "OK".

Ok
- olx]
110 (13, 224%1 68 pikels, 8-hit; 368K o
L ]
] al vl o
[ IO
¥ Red =]
Auto | Applyl Reset | Set

‘ N

‘Upper’ Threshold
Scrollbar

Image Window
Scrollbar

(Step 3) Then click ‘ok’ button on the “Convert to Mask™ window that appears.
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(Step 4) Then close the Threshold window by clicking on the ‘X’ in the upper right hand
corner. Then click ‘ok’ button on the “User Pick Threshold to Mask Out Background”
window. Now the macro will mask out the background of the images the user imported.

Step # 3:
0
Use the "Threshold" tool to adjust the threshold and click "Apply",
then close "Threshold" window & click "OK".
[o]:9
CEOX N Tweshod |- |[o]x]
A0 (1), 224%168 pixels, 5-bit, 366K
L
L] 4 | o
« o] 2e
S Red -
Auto | Apply | Reset | Set
4 »
J L Conwert to Mask
Convert all images in stack to hinary?
Convert to H
Mask Window [ Calculate Threshold for Each Image
[ Black Background
£8R | cancel |
Step #4:
0
Use the "Threshold" tool to adjust the threshold and click "Apply",
then close "Threshold" window & click "OK".
0K
pe——— 1
BEET) )
A0 (1), 224%1 68 pixels, 5-hit, 368K
L 3
L 4 | o
o Ja] 2e
S Red -
Auto | Apply | Reset| Set
ol | |

1. Next the user needs to check the masking and fix any imperfections in the masking by
using the brush tool in ImageJ. The user will use the brush tool to paint the background
color over all image imperfections. To do this the user will first select the color picker
tool in the ImagelJ tool bar and then click on the background color of their image. Next
the user will select the brush to in the ImageJ tool bar and use this tool to paint the back-
ground color over any image imperfections (like the gray dots circled in blue in the Re-
sult of Mask window below). Image imperfections are areas where the background was
not masked out during the masking process. Once the user has completed the task they
will need to click ‘ok’ in the “Check Masking & Stack™ window to proceed to the next
step.
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ImageJ

B ola|ol<|4]+~ Ala]o

Flood Fill Tool

File Edit Image Process Analyze Plugins ‘Window Help
N’

D Stli|LLII| 7 m&| |>>|
L —

Check Masking & Stack

Check masking and if necessary, use tools to correct
imperfections prior to alignment, then click "OK".

_ox |

2. Next the user needs to use the scroll bar in the active image sequence window to select
the most centered image in the image sequence as the start image for alignment. This

will help the macro to better align the images. Once they have completed this task they
should click ‘ok’ button of the ‘Select Alignment Start Image’ window.

ImageJ
File Edit Image Process Analyze Pluging YWindow Help
OQ|=|of<| 4]+ [\ A[& |0 |@|oa]sw]ur] § [F &]_ |

Select Alignment Start Image

Pick the start image for alignment. If you don't want the first image to be the
startimage, use scrollbar to select the most centered image prior to clicking "OK".

ok |

RI_temp. nii B
110, 224%168 pixels, RGE; 1.4ME
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3. Next the user will need to indicate the location in which they want to save the Transfor-
mation file that will result from the image sequence alignment. The user first clicks ‘ok’
in the ‘Save Transformation File’ window. Then they will need to select the location and
name of the saved transformation file. We suggest that the user saves this file with its
default name “TransformationMatrices.txt” in the same folder that they have stored the
cells image sequence.

| Save Transformation file

Selectwhere to save the transformation text file.

Mote: "Cancel" exits entire macro.

Cancel

Save transformations at

21X

Save in: | | Cased j i
) [Z] wlign. bt =51 i |=) 26t
55 RI_temp.nii [#] 50,6 ] 35,6
My Recent alignmentResults.ni (=] 4. |=#) 4.t
Documere [Z] TransformationMatrices b=k &) 48 ki =] 33, b
7‘[* dligrmentResults_Grains.ni (=] 47 kF ) 32t
= (=] 46 tif ) 31t
Desktop /&) o tif | 45t ) 30.tF
_ |&] 0. (] 44 i ) 2a.tiF
J |] 5.1 [&] 4. ) z6.tiF
Mo D | 57.1F [&] 4z i |#) 27.tiF
pLocuments 2 ce b [ 41t ) 26.tiF
|) =51 (=] 40 |#) z5.tiF
"jJ)-g |=] 5.1 [=]) =i |#) z4.tiF
My Computer =] 551 [=] = i |) 23.tiF
=] 526 [=] 7 1 =) 22.tif
Q - >
Iy Metwark File name: Trar|:z:h:-rrnati-:unr-.-i ahrices. by j Save |
Flaces
Save as ype: |.~’-\II Files [7.7] j Cancel

Next the user will need to check the resulting alignment of the imported image sequence.
The macro will align the image sequence and then create two 3D projections of the
aligned image sequence. The windows may appear over top of one another so the user
may need to move them to separate places on their monitor. The user will use the scroll
bars on the 3D projection windows and the aligned image sequence window to view the
alignment. The user will need to determine whether or not the images aligned properly.
If the images are properly aligned they should appear that they fit in a seamless stack that
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seems to align the adjacent images well to each other. Once they have made this deter-
mination the user will need to click on ‘ok’ in the “Check Alignment” window.

[ Ritemp.n g E

1/10; 224.00x71 68.00 pieels (224x1 68); RGE| | 1436, 224x174 pixels, RGE; 5.4MB

D ¥,

Check alignment, then click "OK"
When prompted if want to adjust stack and realign then check "Realign" box.

o |

5. Next the “Adjust Stack & Realign” window appears. If the user had a poor alignment
then they will need to place a check in the check box next to ‘Realign?’ otherwise they
should leave this box unchecked. Once the user has made a selection they will then need
to click on ‘ok’ in the “Adjust Stack & Realign” window. The user is only allowed to re-
align 3 times.

. Adjust Stack & Realign?

[ Realign?
Limited to 3 Realignments, this is will be

MNote: "Cancel" exits entire macro.

Cancel

H

6. Note that if the user selects to realign they will be able to select a different image as the
most centered image for when the alignment is performed. Moreover the user is also
able to adjust the masked image sequence as an attempt to get a better alignment. The
user can adjust the masked image sequence by using the “Translate” and “Rotate” pro-
cesses in Imagel (they are found under “Image” in the tool bar). ***Note that if the
user does use Translate to re-center an image in the sequence or Rotate to rotate an
image in the sequence to the left or right; they need to record all changes they make
so that the exact same changes (Translate & Rotate commands) can be made on the
same image in the corresponding image sequence (the grains images). In addition
the user also needs to make sure they use the flood fill tool to fill in the background color
in the images that they ‘Translate’ so that the alignment can process correctly (only use
flood fill of the background color for entire brains for brain sections leave the back-
ground black). If the user decides to rotate the images they can just click on the check
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box “Fill with background color” to keep the background a consistent color when they
rotate the image (only click fill with background color if the images to be aligned are en-
tire brains, don’t fill with background color if aligning brain sections).

@ |pey stk |17

Adjust v
Show Info... Ctri+l
Properties... Ctri+Shift+F
Color

Stacks

Hyperstacks

Crop Ctri+Shift+x

RI_temp. nii Duplicate. . Ctrl+Shift+D

110, 224168 pikels; RGE; 1.4MEB

Rename...
Cii+E

Flip Horizontally

Flip “ertically

Rotate 50 Degrees Right
Fotate 90 Degrees Left

Fix Images for Realignment

Adjust Image Stack for improved alignment using rotation & translation, then click "OK" to align.
If planning to align Corresponding Images record changes so that the same changes can be

applied to the corresponding images.

o |
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7.

8.

X

File Edit Image Process Analyze Pluging Window Help

B olc|ol<|4]+ || Aala]om] [@pefswlur g | 4]a] ||
¥=0,y=0,2=0, w=224, h=168
. Rotate le
Angle (degreesy;  |18.0
Grid Lines: |1

[~ Interpolate

™ Enlarge Image to Fit Result

¥ Preview

Ok Cancel

- X

File Edit Image Process Analkze Plugins Window Help

I8 @l o)< a4+ Al a|o] [®fslu] 7] 48] |
| Translate &l

w Offset (pixals): (19
Y Offset (pixels) (19

TFisview
QK Cancel

Once the user is done adjusting the images using rotation and translation they will want
to click ‘ok’. Once they do that the images will be re-masked and the ‘Select Alignment
Start Image” window pops up and the user will repeat steps 6> 10 above and follow the
applicable directions for those steps.

Now that the user has a correct alignment. They need to choose where to store the re-
sults of the alignment and what they would like to name the resulting *.nii file. The win-
dow “Save Results of Alignment” will popup and the user will click ‘ok’. Next the user
needs to select where to save the resulting *.nii file and what to name it. We suggest
storing it in the same folder as the one that contained the images that were imported in
for alignment. Once the user has made their folder and name selections they need to
click ‘Save’ to save the results.
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. Save Results of Alignment

Selectwhere to save results of alignment as * nii file.

Mote: "Cancel" exits entire macro.

| Cancel

X

Save as Nifti

D

My Hecent
Docurnents

=
[
Desktop

a7

ty Documents
by Compuiter
My Metwork
Places

Save in | ) Cazed

=l i

=) xnlign.txt ) ) 50.6F ) 35.6F

=] TranstormationMatrices.txt (%] 49,F =) 34.tF
alignmentResults, rii =] 4.t =] 33.4F
alignmentResults_Grains.nii =] 47,k =) 32.F

rul =] 46t =] 31 6

&) .kiF ] 45.6F ) 30.6F

&) 5.k ] 44.tF ) 29.6F

&) 5a.kF =] 43.tF =) z8.tF

&) 57.tiF ) 42.tF ) 27.6F

=) 5. kiF =] 41.6F =) 26.6F

&) 55.kF =] 40.tF =) 25.tF

DEY =] 39,6 (=] 24,

&) 5.t ) 28.1F ) 23.6F

&) 52.kiF ) 37,67 ) z2.6F

=] 51.6F =] 36, =] 21,6

£ | >
File: narne: j Save |
Save as lype: |.-5II Files [*.7) ﬂ Cancel

Version 03

9. Next a window will popup that asks the user if they would like to view the 3D projec-
tions of their resulting alignment. If they select ‘yes’ the user will see their 3D projec-
tions of the alignment and another window will popup asking the user if they would like
to save the 3D projections. If they choose yes these projections will be save, if they
choose no they won’t be saved. If the user doesn’t select that they would like to view the

3D projections, then the user won’t be prompted to save the 3D projections.
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. View 3D Projections? fg|

Yiew 3D Projections? Mo -

Mo
Mote: "Cancel” exitacro.

oK Cancel

P P

1036; 2242174 pixels; RGE; 5.4MB 1136, 228%1 62 phels; RGE; 5.3MB

K| o
Viewing Projections
When done ViEWiﬂg 3D prnjectinns click "OK"
[oK
. Save 3D Projections? ['5_<|

Sawe 30 Projections?  |[yes -

Mote:"Cancel" exitg acro.

QK Cancel

10. Next a window will popup that asks the user would like to ‘Align the corresponding
(grains) images’. If the user selects ‘no’ then the macro will start over by preceding back
to step 1. If the user selects ‘quit’ then the macro will exit. If the user selects ‘yes’ then
the macro will allow the user to align corresponding (grains) images.

. Perform Corresponding Image Aligm... E|

Align Carresponding ImageiGrains)?  |Yes -

Mote: "Cancel" exits entire macro.

(0]24 Cancel

11. Next the user needs to import the corresponding (grains) image sequence. The user is
prompted to select the location of a single file from the image sequence and then the user
is prompted to enter the following fields to allow the user to import the cells image se-
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quence: Start Number, End Number, Increment, Scale and Contains. Note that all these
fields but ‘contains’ will default to the values entered in when the user imported in the
cells sequence in step 3. We feel that none of these fields should change with the excep-
tion of the ‘contains’ field if the corresponding images truly correspond to the cells imag-
es, but we allow the user to change these fields just in case the dimensions of the grains
images differ from the cells images thus scale must be set differently so that both images
have the same dimensions when imported into the macro. Once this is complete the user
clicks ‘ok’ and the corresponding images are imported in and masked. Please note that if
the dimensions of the imported images don’t match the dimensions of the cells images an
error message will appear and the user will be prompted to re-import (repeat this step)
the corresponding images again and they will only be allowed to re-import 3 times before
the macro starts over (starts at step 1). Also note that when trying to import with nega-
tive numbers, floats or something of that nature the user will get error messages stating
the problems with the inputs.

. Import Grains Image Sequence Pg|

To import the corresponding image sequence, selectan image file
contained in the desired image sequence.

Mote: "Cancel" exits entire macro.

i

i cancel

Select an image contained in the image sequence @
Lock ir: | ) Cased ﬂ g
-1 alignmentResults.nii [&] 50, ki |#) 35 i
L\ﬁ [Z] xlign.bxt [=] 4.t =) 34.tF
MuRecent | [E] TransformationMatrices b [&] 45,k [#] 3 i
Ve alignmentResults_Grains.nii &) 47, ki i) 32.tF
i [E=] (=) 46 tiF =] 1.t
&) &, ke [&] 45 kiF [#] 30, i
Desktop | @) 5ot ] a.tf ) 20t
. |#] 5, kiF (] 43, kir ) 25
J =) 57.tF =] 42 tiF =) 27.tF
=) 56.HF =] 41.tF =) 26.tF
My Documents ) o i (] 40,8 (i) 2.t
=) 54.tF =] 3. tF =) 24.tiF
:!l)_ﬂ | 53, biF [] = ki ) 23
My Camputer =) 52 tF =] 37t =) 22.tiF
=) 51.tF |=) 36 tiF
i..} & »
-
My Network  File name: |21 | Open |
Flaces
Files of type: |AII Files [7.7) j Cancel
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4 Import Corresponding(Grai... E|

Staing number. (1
End number: |1U—
Increment: |1—
Scale(%); |40
li

File name contains:

Mote:"Cancel" exits entire macro.

Ok Cancel

H

12. If the user had re-aligned the cells images, then the ‘Adjust Corresponding Images based
on Realignment” window will popup. If this happens then the user needs to apply the
same ‘rotation’ and ‘translation’ changes to the same images that they had applied these
to when they performed the re-alignment of the cells images. If the user only selected a
different ‘center most’ image then the user doesn’t need to adjust the corresponding im-
ages using translation and rotation. Once the user is done making adjustments, they just
click ‘ok’. If the user did not re-align the cells images they can just proceed to the next
step.

Adjust Corresponding Images based on Realignment

Adjust stack of Corresponding Images based aon ratation, translation and other changes
recarded and made during realignment, then click "OK" ta align.

13. Next the “Load Transformation File” window appears and the user clicks ok and then se-
lects the transformation file from where it is located and clicks ‘open’ so that it can be
used to align the corresponding (grains) images. Note if the user followed our sugges-
tions the file should be named ‘TransformationMatrices.txt’ and located in the same fold-
er as the cells images. If for some reason the user selects a file that isn’t the transforma-
tion file OR selects the incorrect transformation file (one for more images in the se-
quence or images of different dimensions) a warning pops up and the user will only be
allowed 3 more chances to select the right transformation file. Please note that if the user
selects an incorrect file (one that isn’t a transformation file), the ImageJ exception win-
dow may popup. This happens because exceptions were thrown when the alignment pl-
ugin attempted to read a file that wasn’t a transformation file. Once the user is done us-
ing the macro the user will be able to close the exception window.
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. Load Transformation file

Mote: "Cancel” exits entire macro.

Selectwhere to load the transformation text file.

Cancel

Load transformation file @
Look, it | [ Cazed j ¥ Ef-
\ [Z] selign. bt =] 51 i =] 26 i
;.5 RI_temp. nii &) 50t &) 35.tF
My Recent alianmentResults, i =] 42t =) 34.tF
Doc:imenls [E4] TransFormationial  WCIEEN =] 33,0
P_'“L' alignmentResults_Grains.nii &) 47,k =] 2z i
nul =] 46,1 =) 3.1
Desktap | et [i#] 45, tf [i#] 30.tF
_ =) 5ot =] 44.tiF =) 20t
-—j =) 5.t =] 43.tF |=) 2.t
=] 57,1 =] 42 i =] 27 i
My Documents |3, e =] 41 .t =] 26t
- =) 5. tiF =] 401t =) 25 tiF
'_TI)E =) 54t =) 39t =) 24t
My Computer =) 53t =) 3.t =) 23t
=] 52, =] =7 i =] 22 i
@ | z
by Netwark, File name: |Tlansf0rmati0nM atrices. st j Open |
Places
Files of type: |AII Files [*.%) j Cancel

. Failed Grains Alignment r5__<|

Failed To Aligned Grains Images.

Can Try againG more fimes.)
Try to Align Again?  |Yas «

Mote:"Cancel" exits entire macro.

0] Cancel

Version 03

14. Now that the corresponding images are aligned. The user will need to choose where to
store the results of the alignment and what they would like to name the resulting *.nii
file. The window “Save Results of Alignment” will popup and the user will click ‘ok’.
Next the user needs to select where to save the resulting *.nii file and what to name it.
We suggest storing it in the same folder as the one that contained the images that were
imported in for alignment. Once the user has made their folder and name selections they

need to click ‘Save’ to save the results.
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. Save Results of Alignment

Mote: "Cancel" exits entire macro.

Selectwhere to save results of alignment as * nii file.

| Cancel

X

Save as Nifti

Places

Save as type: |.-5II Files [*7]

[

Save in: | I} Cazed j = BB
y =) xnlign.txt ) ) 50.6F ) 35.6F
\43' =] TranstormationMatrices.txt (%] 49,F =) 34.tF
My Hecent alignmentResults, rii =] 4.t =] 33.4F
DemumEls alignmentResults_Grains.nii =] 47,k =) 32.F
7[' [0 vt =] 46t =] 31 6
&) .kiF ] 45.6F ) 30.6F
Desktop | [ sa.tf (] 44.tF () 20,1
. &) 5a.kF =] 43.tF =) z8.tF
J &) 57.tiF ) 42.tF ) 27.6F
=) 5. kiF =] 41.6F =) 26.6F
My Documents | ) cc e (i) 40.tiF (i) 25.tiF
. DEY =] 39,6 (=] 24,
'pjjjj &) 5.t ) 28.1F ) 23.6F
My Computer &) 52.kiF ) 37,67 ) z2.6F
=] 51.6F =] 36, =] 21,6
g ' :
[ N.etwork File name: aignmentBesults. nil j Save

Cancel
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15. Next a window will popup that asks the user if they would like to view the 3D projec-
tions of their resulting alignment. If they select ‘yes’, the user will see their 3D projec-
tions of the alignment and another window will popup asking the user if they would like
to save the 3D projections. If the user chooses yes these projections will be save, if they
choose no they won’t be saved. If the user doesn’t select that they would like to view the

3D projections, then the user won’t be prompted to save the 3D projections.
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. View 3D Projections? fg|

Yiew 3D Projections? Mo -

Mo
Mote: "Cancel” exitacro.

oK Cancel

1036, 224x174 pivels; RO, 5.4MB 1136, 2261168 pixels; RGE; 5.3MB

Viewing Projections

When dane viewing 3D praojections click "OK"

. Saye 3D Projections? rg|

Sawe 30 Projections?  |[yes -

Mote:"Cancel" exitg acro.

QK Cancel

16. Next a window the macro will start over so the user will see the window that appeared in
step 1.

Il Aligning a brain section (cells and grains)

1. The user selects the type of alignment from a drop down menu
a. Grayscale Brain (aligning whole brain that is in grayscale)
b. Color Brain (aligning whole brain that is in color)
c. Brain_Section (aligning brain section)
d. Quit
User chooses to align “Brain_Section”

33



Date: 04/25/2008 Version 03
Authors: Ping Fu and Jennifer Staab, UNC-Chapel Hill

Begin Alignment Macro

Align 'Brain in Grayscale', 'Brain in Color' or 'Brain Section'?

Mote: "Cancel" exits entire macro.

Type of Alighment? | Grayscale_Brain -
nlr'i"n )
Brain_Section M M

Qit

2. The user selects the type of alignment from a drop down menu
a. TurboReg (aligns with TurboReg)
b. SavedTransforms (aligns with saved Transforms file from previous alignment)
c. Quit
User chooses to align “TurboReg”

. Type of Alignment

Align with TurboReg' or 'Saved Transforms'?

Mlote: "Cancel' exits entire macra.

Type of Alignment? | TurboRegy j

SavedTransfarms ncel
it

3. Next the user needs to import the cells image sequence. The user is prompted to select
the location of a single file from the image sequence and then the user is prompted to
enter the following fields to allow the user to import the cells image sequence.

Start Number (a positive integer that indicates the first image in the sequence)
End Number (a positive integer that indicates the last image in the sequence)
Increment (a positive integer of value 1 or greater that indicates by what
increment images are to be imported in)
Scale (a positive integer that indicates how much to reduce the resolution of the
imported images where 100% indicates no reduction)
Contains (a string that is common to all image sequence file names)
After the user enters these fields and clicks ok, the image sequence will be imported into
Imagel] and appear in the active image window.
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4.

. Import Cells Image Sequence

Toimpartthe image sequence, select an image file
contained in the desired image sequence.

Mote: "Cancel" exits entire macro.

§ Cancel

G-

Iy Fecent
Documents

e

Desktop

=

o>

My Documents

=]

@

My Compuiter

by M etwork

Flaces

Select an image contained in the image sequence

Loak ir: | ) Cesed

| il e
alignmentResults, nii =] 50,6 [i] 5. i
[Z] xalign.bxt =] 4.t (5] 34 iF
[£] TransFormationMatrices kxt E'] 48.tif g'] 33.4F
alignmentResults_Grains.nii  [=] 47.tF ] 32 kiF
nul (=) 4.6F ] 31
] e0.tF &) 45.iF =) 20.6F
=] 59.tif =] 44,1 (] 22, i
=] 53, tif =] 43,0 =] 2. kif
=] 57,1 (=] 42.6f BEET
=] 56 tif =] 410 ] 28 kif
=] =5.tiF =] 40,6 ] 25 kiF
=] 54.tiF =] 2.6 (] 24 kiF
=] 53.6F &) 3. if ) 23.kiF
=] 52 tif =] =7 ] 22 i
=] 51.tif =] 26,0 =] 21.if
< | ¥
File name: [27 i =~ Open |
Files of type: |A|| Files .7 ﬂ Cancel

End number:
Increment:

Scalel%):

File name contains:

Jiin

|
. Import Cells Image Sequence E|

Starting number:

0o

Mote: "Cancel" exits entire macro.

b | Cancel|

Version 03

Select the Alignment Start Image for the alignment. If you don’t want to select the first
image as the start image use the scrollbar on the active image window to select the start
image as the most centered image.
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File Edit Image Process Analze Pluging Window Help
B olc|o|<|4]+n]Alalo] |® i g4 |&] |>|

—

-

Dev | Stk
b

Select Alignment Start Image

Pick the start image far alignment. If you dan't want the first image to be the
start image, use scrollbar to select the most centered image prior to clicking "OK".

ok |

5. Next the user will need to indicate the location in which they want to save the Transfor-
mation file that will result from the image sequence alignment. The user first clicks ‘ok’
in the ‘Save Transformation File’ window. Then they will need to select the location and
name of the saved transformation file. We suggest that the user saves this file with its de-
fault name “TransformationMatrices.txt” in the same folder that they have stored all the
imported cells images.
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. Save Transformation file
Selectwhere to save the transformation text file.
Mote: "Cancel" exits entire macra.
| cancel|
Save transformations at @
Save i | ) Cazed j ﬁ Ed-~
) [Z] xalign.bxt =] 51 i ) 26.tiF
b.%" RI_temp.nii | 50 |#) 35.tiF
My Fecent alignmentResults. ni [&] 4. i |i#) 34.tiF
Doguments [Z] TransformationMatrices, bt E'] 48, kif E‘] 33.4f
?I' alignmentResults_Grains.nii =] 47,k |#) 32 tiF
(=0 [i] 4.1 =] 310
Desktop /&) o, 1if | 4.t ) 30t
_ =] 9. (=] 44,1 =) 2a.tif
‘j =] 5.1 (=] 4. =) 26.tif
=] 57 kiF =] 42 kF =] 27t
My Documents 25 o e ) 41.kF i) z6.
|&) =51 [&] 40 &) z5.tiF
jJ;g |&] 541 [ 0 i ) 24.tiF
My Computer |&] =3¢ [] 2 i &) 23.tF
|&] 521 [ =7 |#) 22.tiF
@ | z
My N.etw-:-rk File name: Transformationtd atrices. b - Save
Places | J I—I
Save az type: ﬂ Cancel
6. Next the user will need to check the resulting alignment of the imported image sequence.

The macro will align the image sequence. Windows may appear over top of one another
so the user may need to move them to separate places on their monitor. The user will use
the scroll bars on the aligned image sequence window to view the alignment. The user
will need to determine whether or not the images aligned properly. To do so the user will
visual inspect the aligned image sequence using the scrollbar in the active image window
to making sure the images appear to match up between adjacent images. Once they have
made this determination the user will need to click on ‘ok’ in the “Check Alignment”
window.
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‘ - x|
File Edit Image Process Analyze Plugins Window Help
B Qx| 4]+ AlQ|E] |@[lsufur 2] 4]H] | ]

FPolygon selections

L

-

Check alignment, then click "OK"
When prompted if want to adjust stack and realign then check "Realign" box.

ok |

Version 03

Next the “Adjust Stack & Realign” window appears. If the user had a poor alignment

then they will need to place a check in the check box next to ‘Realign?’ otherwise they
should leave this box unchecked. Once the user has made a selection they will then need
to click on ‘ok’ in the “Adjust Stack & Realign” window. The user is only allowed to

realign 3 times.

. Adjust Stack & Realign?

[ Realign?

Limited to 3 Realignments, this is will bej

)

Mote: "Cancel" exits entire macro.

Cancel

Note that if the user selects to realign they will be able to select a different image as the

most centered image for when the alignment is performed. Moreover the user is also able
to adjust the masked image sequence as an attempt to get a better alignment. The user
can adjust the masked image sequence by using the “Translate” and “Rotate” processes in
Image] (they are found under “Image” in the tool bar). ***Note that if the user does
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10.

use Translate to re-center an image in the sequence or Rotate to rotate an image in
the sequence to the left or right; they need to record all changes they make so that
the exact same changes (Translate & Rotate commands) can be made on the same
image in the corresponding image sequence (the grains images). In addition the user
also needs to make sure they use they do not use the flood fill tool to fill in the
background color in the images that they ‘Translate’, instead the user should leave any
corrections black so that the alignment can process correctly on a brain section. If the
user decides to rotate the images they should not click on the check box “Fill with
background color”, instead they should leave the background color black to allow for
proper alignment.

File Edit BiEBEN Process Analyze Pluging Window Help
B Tvpe @|oeg|steun] 7| 4| B] [ ]

Freehand se

-

Adjust 4
Show Info... Ctri+

Properties... Ctri+5hift+F 'ﬁ ql—ETEIEI
Colar 3 1/10; 204x204 pixels; &-hit, 406K

Stacks 4
Hyperstacks 4

Crop Ctri+5hift++
Duplicate... Ctri+5hift+D
Rename. .

Scale... Ctri+E
Translate. ..

Flip Horizontally

Zoom v Flip Vertically
Rotate 90 Degrees Right
Rotate 90 Dedgrees Left

Lookup Tables 4

Arbitrarily. .

Mrmmene fur BasbBammant
x|

Adjust Image Stack for improved alignment using rotation & translation, then click "OK" to align.
If planning to align Carresponding Images record changes so that the same changes can be
applied to the corresponding images. =

Qk

Once the user is done adjusting the images using rotation and translation they will want
to click ‘ok’. Once they do the ‘Select Alignment Start Image’ window pops up and the
user will repeat steps 48 above and follow the applicable directions for those steps.

Now that the user has a correct alignment. They need to choose where to store the results
of the alignment and what they would like to name the resulting *.nii file. The window
“Save Results of Alignment” will popup and the user will click ‘ok’. Next the user needs
to select where to save the resulting *.nii file and what to name it. We suggest storing it
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in the same folder as the one that contained the images that were imported in for align-
ment. Once the user has made their folder and name selections they need to click ‘Save’
to save the results.

. Save Results of Alignment X

Select where to save results of alignment as *.nii file.

Mote: "Cancel" exits entire macro.

§ Cancel

Save as Nifti
Save i | | Cased j ¥ B
) =) xaligntt ) &) 50t ) 35.1F
55 =] TranstormationMatrices bxt (%] 49,6F ) 34,67
My Hecent alignmentResules. nii =] 4.k =] 33.4F
Deumes aligrmentResults_Grains.nii (&) 47.kF ) 32.F
?]_' =] rut [&] 46..kiF =] 1.t
=] e0.tF =] 45.kiF =) 30.46F
Deskiop ] 59.1 i) .t i) 29.1iF
. =] 55.6F &) 43.kiF =) za.6F
J =] 57.6¢ =] 42.kiF =) 27.tF
=] 56.tF =] 41,k =) z6.tF
My Documents | ) ce v i) 40t i) 25.F
. =] 54.6¢ &) 30k ) 24.6F
._,,J)_g =] 53.6F =) 36,k ) 23.6F
My Computer &) 526 &) 37k ) 22.tF
&) 51.6¢ &) 36k ] 21.tiF
. < | >
by Metwork File narne: .5i|:|r'|rr|er|tFie:z;ult:z:_nii j Save |
Flace:
Save as wpe: |#-‘-II Files ") ﬂ Cancel

11.

Next a window will popup that asks the user if they would like to view the 3D projections
of their resulting alignment. If they select ‘yes’ the user will see their 3D projections of
the alignment and another window will popup asking the user if they would like to save
the 3D projections. If they choose yes these projections will be saved, if they choose no
they won’t be saved. Ifthe user doesn’t select that they would like to view the 3D pro-
jections, then the user won’t be prompted to save the 3D projections. Note that the 3D
projections for brain sections for the most part do not provide helpful information like
they do for whole brain images.

: ! jections? '
: View 3D Projections? £l . 5ave I Projactions El
View 3D Projections? l—_|N|:| = Save 30 Projections? ‘r’es - .
R ]
Mote: "Cancel" exitﬁgH'.T.

A CI0.

OK Cancel

40



Date: 04/25/2008 Version 03
Authors: Ping Fu and Jennifer Staab, UNC-Chapel Hill

12.

Next a window will popup that asks the user would like to ‘Align the corresponding
(grains) images’. If the user selects ‘no’ then the macro will start over by preceding back
to step 1. If the user selects ‘quit’ then the macro will exit. If the user selects ‘yes’ then
the macro will allow the user to align corresponding (grains) images.

Align Carresponding Image{Grains)? |y -

. Perform Corresponding Image Aligm... E|

Mote: "Cancel" exits entire macro.

(0]24 Cancel

13.

Next the user needs to import the corresponding (grains) image sequence. The user is
prompted to select the location of a single file from the image sequence and then the user
is prompted to enter the following fields to allow the user to import the cells image se-
quence: Start Number, End Number, Increment, Scale and Contains. Note that all these
fields but ‘contains’ will default to the values entered in when the user imported in the
cells sequence in step 3. We feel that none of these fields should change with the excep-
tion of the ‘contains’ field if the corresponding images truly correspond to the cells imag-
es. But we allow the user to change these fields if for some reason the dimension of the
corresponding images differ from that of the cells one would want to use a different scale
value so that both images had the same dimensions when imported into the macro. Once
this is complete the user clicks ‘ok’ and the corresponding images are imported in and
masked. Please note that if the dimensions of the imported images don’t match the di-
mensions of the cells images a error message will appear and the user will be prompted to
re-import (repeat this step) the corresponding images again and they will only be allowed
to re-import 3 times before the macro starts over (starts at step 1).

L Import Grains Image Sequence §|

To import the corresponding image sequence, select an image file
contained in the desired image sequence.

Mote: "Cancel" exits entire macra.

] Cancel
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14.

Select an image contained in the image sequence

o

tp Recent
Docunments

=)
=

Degklop

rdy Metwark,
Flaces

Look in: | [5) Cazed

=l cF B~
alignmentResults.nii [&] 50, ki |#) 35 i
[Z] xlign.bxt [=] 4.t =) 34.tF
[£] TransformationMatrices, bt [&] 45, kF [#] 3 i
alignmentResults_Grains.nii &) 47, ki i) 32.tF
[E=] (=) 46 tiF =] 1.t
&) &, ke [&] 45 kiF [#] 30, i
=) 5.6F =] 44.tiF =) 2.t
|#] 5, kiF (] 43, kir ) 25
=) 57.tF =] 42 tiF =) 27.tF
=) 56.HF =] 41.tF =) 26.tF
|#) 55, kiF (=] 400, kiF |#) 25 i
=) 54.tF =] 3. tF =) 24.tiF
| 53, biF [] = ki ) 23
=) 52 tF =] 37t =) 22.tiF
[ 51k (i) 36t EERE
< | _
File: name: |21 =l Open |
Files of type: |AII Files [7.7) j Cancel

Starting number: |
End numhber; |10
Increment:

Scale(%); |40

File name contains:

Mote:"Cancel" exits entire macro.

! Import Corresponding(Grai... tad

Jaik

Ok Cancel

H

Version 03

If the user had re-aligned the cells images, then the ‘Adjust Corresponding Images based
on Realignment” window will popup. If this happens then the user needs to apply the
same ‘rotation’ and ‘translation’ changes to the same images that they had applied these
to when they performed the re-alignment of the cells images. If the user only selected a
different ‘center most’ image then the user doesn’t need to adjust the corresponding im-
ages using translation and rotation. Once the user is done making adjustments, they just
click ‘ok’. If the user did not re-align the cells images they can just proceed to the next

step.

Adjust Corresponding Images based on Realignment

Adjust stack of Corresponding Images based aon ratation, translation and other changes
recarded and made during realignment, then click "OK" ta align.
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15. Next the “Load Transformation File” window appears and the user clicks ok and then se-
lects the transformation file from where it is located and clicks ‘open’ so that it can be
used to align the corresponding (grains) images. Note if the user followed our sugges-
tions the file should be named ‘TransformationMatrices.txt’ and located in the same fold-
er as the cells images. If for some reason the user selects a file that isn’t the transforma-
tion file OR selects the incorrect transformation file (one for more images in the sequence
or images of different dimensions) a warning pops up and the user will only be allowed 3
more chances to select the right transformation file. Please not that if the user selects an
incorrect file (one that isn’t a transformation file), the ImageJ exception window may
popup. If this happens, it is because exceptions were thrown when the alignment plugin
attempted to read a file that wasn’t a transformation file. Once the user is done using the
macro the user will be able to close the exception window.

. Load Transformation file

Selectwhere to load the transformation text file.

Mote: "Cancel" exits entire macro.

Cancel
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Load transformation file @
Look it | [ Cazed j ¥ Ef-
\ [Z] selign. bt =] 51 i =] 26 i
;.5 RI_termp. ni =] 50,1 &) 251
My Recent alignmentResults.nii =] 49t =) 34.tF
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My Documents |3, e =] 41 .t =] 26t
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My Computer =) 53t =) 3.t =) 23t
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G - ' z
by Metwark, File name: |Tlansf0rmati0nM atrices. st j Open
Places
Files of type: |AII Files [*.%) j Cancel

. Failed Grains Alignment El

Failed To Aligned Grains Images.

Can Try again(G more fimes.)
Try to Align Again?  |Yes «

Mote:"Cancel" exits entire macro.

0] Cancel

16.

Version 03

Now that the corresponding images are aligned. The user will need to choose where to

store the results of the alignment and what they would like to name the resulting *.nii file.
The window “Save Results of Alignment” will popup and the user will click ‘ok’. Next
the user needs to select where to save the resulting *.nii file and what to name it. We
suggest storing it in the same folder as the one that contained the images that were im-
ported in for alignment. Once the user has made their folder and name selections they

need to click ‘Save’ to save the results.

. Save Results of Alignment b_<|

Selectwhere to save results of alignment as *.nii file.

Mote: "Cancel" exits entire macro.

Cancel
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Save as Nifti

Save ir; | ) Cazed j |‘=jE v
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Flace:
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17.  Next a window will popup that asks the user if they would like to view the 3D projections
of their resulting alignment. If they select ‘yes’, the user will see their 3D projections of
the alignment and another window will popup asking the user if they would like to save
the 3D projections. If the user chooses yes these projections will be save, if they choose
no they won’t be saved. If the user doesn’t select that they would like to view the 3D
projections then the user won’t be prompted to save the 3D projections. Note that the 3D
projections for brain sections for the most part do not provide helpful information like
they do for entire brain images.

. Save 3D Projections?

. View 3D Projections?

Yiew 3D Projections? |Mo -

oK Cancel

18. Next the macro will start over so the user will see the window that appeared in step 1.

lll & IV. Aligning an entire brain OR brain section using Saved
Transformations

1. The user selects the type of alignment from a drop down menu
a. GQrayscale Brain (aligning whole brain that is in grayscale)
b. Color Brain (aligning whole brain that is in color)
c. Brain_Section (aligning brain section)
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d. Quit
User chooses to align “Brain_Section” or “Grayscale Brain”

L Begin Alignment Macro le

Align 'Brain in Grayscale', 'Brain in Colar' ar 'Brain Section'?

Mote: "Cancel” exits entire macro.

Type of Alignment? GrayscaIE_Elrainﬂ

Cnlnrr'i"n )
Brain_Section M M

it

2. The user selects the type of alignment from a drop down menu
a. TurboReg (aligns with TurboReg)
b. SavedTransforms (aligns with saved Transforms file from previous alignment)
c. Quit
User chooses to align “SavedTransforms”

L Type of Alignment

Align with TurboReg' or 'Saved Transforms'?

Mote: "Cancel’ exite entire macra.

Type of Alignment® | TurboRe j
it JEE
3. Next the user needs to import the corresponding (grains) image sequence. The user is

prompted to select the location of a single file from the image sequence and then the user
is prompted to enter the following fields to allow the user to import the cells image
sequence.
Start Number (a positive integer that indicates the first image in the sequence)
End Number (a positive integer that indicates the last image in the sequence)
Increment (a positive integer of value 1 or greater that indicates by what
increment images are to be imported in)
Scale (a positive integer that indicates how much to reduce the resolution of the
imported images where 100% indicates no reduction)
Contains (a string that is common to all image sequence file names)
After the user enters these fields and clicks ok, the image sequence will be imported into
Imagel] and appear in the active image window. Note that the error messages will appear
if the user enters in float or negative numbers into the numeric fields of the import.
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! Import Grains Image Sequence r5_<|

To importthe corresponding image sequence, select an image file
contained in the desired image sequence,

Mote: "Cancel" exits entire macro.

1 cancel

Select an image contained in the image sequence

Laok i | [5) Cazed ﬂ ﬁ Ed-
y alignmentResults.nii [&] 50, ki |#) 35 i
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My Camputer =) 52 tF =] 37t =) 22.tiF
=) 51.tF |=) 36 tiF
. < | >
My Metwork il name: |21 =l Open |
Flaces
Files of type: |AII Files [*7) j Cancel

! Import Corresponding(Grai... %

Starting number:
End number: a
Increment:

Scale(%): |40

Jaik

File name cantains:

Mote:"Cancel" exits entire macro.

Ok Cancel

4. Next the user will need indicate where the Mask folder is located. The user needs to click
‘ok’ in the ‘Find Mask Directory’ window. Next the user needs to select any file (not
folder) within the folder that contains the ‘Mask’ folder. If the user fails to select the cor-
rect folder location then the Macro fails and aborts leaving windows open that need to be
closed, so the user will need to close these windows and restart the Macro. If the user se-
lects the correct location of the mask folder then the imported images are masked and the
macro continues to process. If the images imported are different dimensions than the

47



Date: 04/25/2008

Authors: Ping Fu and Jennifer Staab, UNC-Chapel Hill

Version 03

Masks in the Mask folder, this step fails and a warning window appears. The warning
window asks the user if they would like to Start Over (start with step 1), quit (exit
macro), or try import masks again. If the user choose to import the masks again they re-
peat this step(import masks again) up to 3 times before they are forced to start over (start

with step 1).

f-_ Find Mask Directory El

To Align with Saved Transforms,
select any file within directory where the "Mask" folder is located.

Mote: "Cancel" exits entire macro.

Cancel

Find Mask Folder, Directory.

Lok, ir: | I Cells

=~ e @ e B

HE3

) alignmentResults_arains. nii E:] 14.kf [ presentationf.
\;\5 [Z] xalign. bt ] 13t
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?“[* =] 25.kiF =] 100k
&) 24 &) o i
Desklop /&) 23 1 ] 0.tiF
. [&) 22 =] o7 i
-—) =) 21 =] 06 i
&) 20t & 05 i
My Documents é 19 ém.tif
. =] 15 |=] oz i
'yjlj_g =] 171 =] oz i
My Camputer =] 1.4 01 .
s
< >
by Metwork File name: |EI1 Hf j Open |
Places
Files of type: | &0 Files 7] | Cancel

. Dimensions of Image Sequences Don't match

Cells Mask# 1 Height 204 Width: 204
Grains # 10 Height: 102 Width: 102

Can Import Masks Againgnly 3 timesfprior to forced StanOver,
Howe to Proceed?  |ImportMasksfgain =

gain

Mote: "Cancel"

The Dimensions or the Mumber of Cell's Masks don't match those of the Grains Images.

Ok Cancel
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5.

Next the ‘Adjust Corresponding Images based on Realignment’ window will appear. If
the user had realigned using Translation and/or Rotation to adjust the cells images (the
images that provide the transformation file that the user will select for the alignment) pri-
or to re-alignment, then the user needs to apply these same changes to the imported corre-
sponding (grains) images at this point. Once the user has completed this task, if the user
didn’t use translation and rotation with the realignment, or if the user didn’t realign then
the user will click ‘ok’ in the window.

Adjust Corresponding Images based on Realignment

"IF" Cells Images underwent Realignment then Adjust stack of Corresponding Images based on rotation,
translation and other changes recorded and made during realignment, then click "OK" ta align.

Next the “Load Transformation File” window will appear. The user needs to click ‘ok’ in
this window and then they need to select the location of the transformation file that they
would like to use to align the imported corresponding (grains) images. If the user selects
a file that is not a transformation file OR if the user selects a transformation file for an
alignment with a different number of images or different image dimensions then a warn-
ing window appears that alerts the user that they failed to align the images. The user can
either select that they would like to try to align again (repeat this step of importing the
transformation file), quit (exit the macro), or select ‘no’ and they will start over (step 1).
If they choose to try to align again they can only repeat the attempt 3 times before they
are forced to start over.

. Load Transformation file

Selectwhere to load the transformation text file.

Mote: "Cancel” exits entire macro.

L

Cancel
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Load transformation file @
Look it | [ Cazed j ¥ Ef-
\ [Z] selign. bt =] 51 i =] 26 i
3,5 RI_termp. ni =] 50,1 &) 251
My Recent alianmentResults, i =] 49t =) 34.tF
Doc:imenls [E4] TransformationMatrices. b I EERYS =] 33,0
?“L' alignmentResults_Grains.nii &) 47,k =] 2z i
nul =] 46,1 =) 3.1
Desktop i) 0.t (i) 5.t (i) 30t
_ =) 5ot =] 44.tiF =) 20t
J =) 5.t =) 43t =) 2.t
=] 57,1 =] 42 i =] 27 i
My Documents |3, e =] 41 .t =] 26t
] =5 =] 40, &) 251
_._%_ﬂ =) 5.t =) 39t =) 24t
My Computer =) 53t =) 3.t =) 23t
=] 52, =] =7 i =] 22 i
.. ! < >
by Metwark, File name: |Tlansf0rmati0nM atrices. st j Open |
Places
Files of type: |AII Files [*.%) j Cancel

. Failed Grains Alignment rgl

Failed To Aligned Grains Images.

Can Try agair(E more imes )

Try to Align Again?

Mote:"Cancel" exits entire macro.

0] Cancel

7. Now that the corresponding images are aligned. The user will need to choose where to
store the results of the alignment and what they would like to name the resulting *.nii file.
The window “Save Results of Alignment” will popup and the user will click ‘ok’. Next
the user needs to select where to save the resulting *.nii file and what to name it. We
suggest storing it in the same folder as the one that contained the images that were im-
ported in for alignment. Please note that the default location will be the location of where
the stored transformation file was found, the user will need to select the appropriate loca-
tion for the results. Once the user has made their folder and name selections they need to
click ‘Save’ to save the results.
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. Save Results of Alignment

X

Version 03

Select where to save results of alignment as *.nii file.
Mote: "Cancel" exits entire macro.
Cancel
Sawe as Nifti
Save i | |2) Cazed j e B~
y =| xalign.bt ) &) 50k ) 35.6F
L&b‘ =] TransformationMatrices. bxt (&) 49.kF =) 34.tF
My Hecent aligrmentResults.nii &) 45.tiF ] 33.6F
DUCime”tS alignmentResults_Grains.nii (&) 47.kiF ) 32,67
@ rull ] 6.4 (] 31.tiF
=] co.6F ] 45.tiF ) 20.4F
Deskton | @] 5o.tf ] 4.t () 20,1
. =] 5a.6F &) 43.kiF =) za.F
‘) =] 576 =] 42.kiF =) 27.F
=] 56.6F &) 41.tiF ) 26.tF
My Documents |25 e e ] 0.4 () 25 1
- =] 5.6 =) 39,k =) 24.tF
'aij =) 53t ] 3mtf =] 23,6
Mo oot &) 526 &) 37k ) 22.tF
Y -ampLEt =] 51.6F =] 3.k =] 21.tF
- < | >
My N.etwolk File: narne: aignmentResults. nii - Save |
Places | 1MEen 1 J
Save as wpe: |#-‘-II Files ") ﬂ Cancel
8. Next a window will popup that asks the user if they would like to view the 3D projections

of their resulting alignment. If they select ‘yes’, the user will see their 3D projections of
the alignment and another window will popup asking the user if they would like to save
the 3D projections. If the user chooses yes these projections will be save, if they choose
no they won’t be saved. If the user doesn’t select that they would like to view the 3D
projections then the user won’t be prompted to save the 3D projections.

. View 3D Projections?

Mote: "Cancel” exitd

oK Cancel

Yiew 3D Projections? |Mo -

W]

Acro.

. Save 3D Projections?

Mote: "Cancel" exitg

Ok Cancel

3

9. Next the macro will start over so the user will see the window that appeared in step 1.
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Flow diagram for both Plugin

Legend:

[Q]=Quit Button => End Program
[B]= Back Button

[N]=Next Button

o adio Button

Exit = End Program

Start Over = Startat-- 1 -

-1 -

Aligning:

o Brain (Gray Scale)

o Brain Section (Gray Scale)
o Brain (Color)
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Brain (Gray or Color)
& Brain Section
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o Saved Transforms (Grains)
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and Macro:
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100]
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-
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Pre-Alignment Processing:
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Post-Alignment Processing:
1) Check Alignment
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o Save Results
o Start Over
o Exit

jections
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[
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Save Results

Save & View
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2) Select most centered Image
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INIIQ]

I
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fMurboReg

Brain(Gray or Color) B Section/
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—4a -
Masking:
Select Gaussia Blur:
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{& Threshold Window Popup}
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~

Version 03

Correspondi
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Import
Corresponding
Images (Grains) for
Brain (Gray or Color)
Brain Section

~-7b -
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o Exit
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