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About this manual — Please read first

ImageJ is a public domain Java image processingrano inspired byNIH Imagefor the Macintosh. It runs on
any computer with a Java 1.1 or later virtual maehgeither as an online applet or as a downloadgipécation.
The author, Wayne Rasbafdayne@codon.nih.goyjs at the Research Services Branch, Nationaituitestof
Mental Health, Bethesda, Maryland, USA.

The best source of information about ImageJ cafolned at the ImageJ homepadptf://rsb.info.nih.gov/i) and
by subscribing to the ImageJ mailing list (detaitsthe home page). This manual is meant to betesdinction to
ImageJ for light microscopy — a small part of Im3igeepertoire.

ImageJ has a large number of native functions smpphted by an ever increasing number of “plugingtipnal
extras needing installation). The core functions described in detail on the ImageJ web site (foltbe
Documentationdink). A plugin is a file (hamed *.class) which ews to be in the “plugins” sub-folder of the
ImageJ folder, otherwise ImageJ will not load it.

In this manual, the native functions are referredntitalicised, black textthe plugins byitalicised, dark-blue
text. ImageJ functions can be accessed by keyksfadcuts, or “hotkeys”. Some hotkeys are hard-avireto
Imaged, while others are user-defined. Unlike naiker Windows applications, keyboard shortcuts dd n
require the “control” key to be pressed (for examph Microsoft Word, the hotkey to “copy” is Ct(@; in
ImageJ, it is just “C". Unless you have installesabeJ from the Wright Cell Imaging Facility webgji¢anuals
and Softwardink), the plugins referred to in this manual aming of customised the keyboard shortcuts (the
“hotkeys”) may not work.

This collection of plugins has merely been collatednd organised by me; they have all have been obiaid

free from the ImageJ website or elsewhere on the fernet. The credit for this work should go to the
authors of the plugins (See Appendix). Please ensurthat they are properly acknowledged in any
publication that their work facilitates. | have attempted to include appropriate citations or contactdetails

for each author. Let me know of any omissions andwill correct them immediately.

If you are a plugin author and you are not happy wih the way your plugin is included or described or
cited, please let me know. | will update this manuaas necessary.

This manual is intended to be an introductory oieswo get you up and running, and as such, isrbaustive.
I began working on this manual while employed & Babraham Institute, Cambridge, UK (address belbw)
consider it now to be a “work in progress”. Pleased any comments to:

Tony Collins, Ph.D.
Facility Manager
Wright Cell Imaging Facility
Toronto Western Research Institute
MC 13-407
399 Bathurst Street
Toronto, ON, M5T 2S8

Email: tonyc@uhnres.utoronto.ca
Website:.www.uhnresearch.ca/wcif

Calcium Group
Laboratory of

Molecular ) R
Signalling Cell Imaging Facility
Babraham Institute Toronto Western Research Institute
Cambridge University Health-Netwc

UK, CB2 4AT
X
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1 INSTALLING IMAGEJ

1.1  Windows

If you already havémagelinstalled, it may be worthwhile uninstalling ierame the folder) and following the
installation instructions below. This will matchwocopy ofImageJto this manual. Extra plugins can be easily
added later.

1.1.1 Install program files
1. Download the WOCIF _Imagej setup.exe file from the ightr Cell Imaging Facility’'s website
(http://www.uhnresearch.ca/wifFollow theDownloaddink.
2. Run the program.
3. A shortcut will be installed on your desktop and/@aur Startmenu.

1.1.2 Update core program
Now upgrade the ImageJ core program (file IJ.JARNediately from the ImageJ web site (See Sectiéril.
below) — due to the frequency of upgrades, theimelis the setup will be out of date. Get in to tabit of doing
this routinely.

1.1.3 Set memory allocation
Unlike other Windows applications ImageJ will onige the memory allocated to it. By default the W@iageJ
installation assumes a PC with 512Mb RAM, so Imédues) been allocated 380 Mb by default (a recommende
75% of the total 512Mb).
If your PC does not have 512Mb of RAM then charigedllocated memory to equal 75% of total RAM Via t
menu command:Edit/Options/Memory” Specifying more than 75% of real RAM resultwiriual RAM being
used causing ImageJ to become very slow and uastab#http://rsb.info.nih.gov/ij/docs/install/

1.2 Mac and Linux

The WCIF Imaged installation is for Windows. Macdarinux users can download Imaged from
http://rsb.info.nih.gov/ij/download.htménd then install the WCIF “plugins-only” packageéis will install the
plugins detailed in this manual and the “prefererfie” (IJ_PREFS.TXT), which will match the memchtions
of the plugins and their shortcuts to this manual.

1.3 082
Imaged will run on OS2; however, for Biorad usamning OS2, ImageJ installation is complicated hwy 8.3
filename limitation required by the LaserSharpwafe. Contact mee(nail tonyg for help with this.

1.4  QuickTime functionality

When QuickTime is installed with its default segsn Java functionality is not installed with itjgshrenders the
QuickTime functions of ImageJ non-functional. QUicke needs to be installed withcastom installationwith

the QuickTime for Java option checked. This optisnunchecked by default and is some way down the
installation options list, so keep scrolling urtilu find it. This requires you to be logged in widtdministrative
privileges”. Seéttp://rsb.info.nih.gov/ij/plugins/gt-install.html

1.5 Upgrading

1.5.1 ImageJ core program

You do not need to be logged in as an administiatalo this, but ImageJ must be closed. ImageJadegrare
very frequent, and major bugs addressed within daysémageJ itself should be upgraded routinely. ¥an
check your version of ImageJ by either noting thesion that appears below the toolbar at starbupy finding
the version at the bottom of the Imaged properst lvhich can be called via the menu command
“Plugins/Utilities/ImageJ  properties’.. The latest version of ImageJ is available at:
http://rsb.info.nih.gov/ij/upgrade/



http://www.uhnresearch.ca/wcif
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http://rsb.info.nih.gov/ij/download.html
mailto:tonyc@uhnresearch.ca
http://rsb.info.nih.gov/ij/plugins/qt-install.html
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The file needed is called 1J.JAR. Download the H8wWAR to the C:\ImageJ directory and over-write the
existing 1J.JAR. Upgrades are currently being rsdelaalmost on a weekly basis. Details of the upgfadtures
can be found on thidewspage link on thémageJhomepage site.

1.5.2 Plugins

The ImageJ/Newspage also has details about new plugins. Thedass.cfiles need to be downloaded to
“C:\ImageJ\plugins ImageJ will load all the plugins in the plugifslder at start up.Plugins saved to the
plugins folder after ImageJ will not be availabletilimageJ has been restarted. Other plugins eafolind on
thelmageJ/Pluginsveb-page.

1.6 Java Runtime Environment

1.6.1 About

ImageJ runs in aJava virtual machinewhich is part of the Java runtime environmeh{JRE) from Sun. So
long as the computer has the correct JRE, Imagédvaik, independent of the operating system (MA&Zn,
08S2, Linux, SGI, etc.).

The latest and older versions of JRE can be foupndobowing the links on the ImageJ/Links web-page.
Periodically, check to see if the Windows JRE hasrbupgraded by Sun. Sometimes the upgrade iswialth
sometimes it is not. The Software Development RDK) also available from Sun alongside the JREIRE as

a component as well as other development resources.

1.6.2 JRE version comparison
The ImageJ Windows installation from the ImageJ sitebcontains JRE1.3; the ImageJ from the WCIF webs
has JRE1.5 Beta 1.

1. JREL1.3 is the most stable of the JRE’s to dateisudlistributed with the ImageJ Windows installativpom the
ImageJ website.

2. JRE1.4.0 allowed the use of tBgstem-clipboarglugin to copy and paste between ImageJ and afhy@ications
(PowerPoint, CoreIDRAW etc.).

3. JRE1l.4.2 introduced a bug that caused ImageJ $b evhenever a measurement was made.

4. JRE1.5 Beta 1 has larger window-paned “Open filalad) boxes making it much easier to find your ieagYou
may at this point see strange effects on dialogsfanWin98.)

o x|
Lack ine [ Image) ElroEE

o E
Look i = mages = g‘

B
Fiename | Open

Open
Files of type: |AmES ;| Cancel Fies of type:  [al Fies =l Cancel
JRE1.4 File/Open dialog JRE1.5Betal File/Open dialog
1.6.3 Installation of JRE
1. Log in as Administrator for WinXP/NT/2000.
2. Uninstall any existing version of Java Runtim@E T mr S - =
. Custom Setu)
(Start/Settings/Control ~ Panel/Add-Remove — Progrand | .. meniesues et et e
Somethmg Ilke thIS). i . Select cptional features o instal From the It below, ou can change your choice of features after
3_ Run the new |nSta” atlon flle. installation by using the AddfRemove Programs utiity in the Control Panel
4. SelectCustominstallation. B oo copmens To Bedire Besaptin
5. When prompted for the installation directory, clitle Change S5+ source coe L?ﬁé?#;é?%ié?:ﬁé#hmg
button and Change |t to (=3 - | Public Java Runtime Environment miv’:qu"e EI B [
CAIMAGEJJRE |
6. Then OK all dialogs.
g Install ko lC:\;rr::;EJ\]rE\ Change...
C:hImagedijret, Tnetaleriels
< Barck I Next > I Cancel |
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Installing SDK rather than JRE will mean that javexe will not be in the expected place. You neederthe
contents of the JRE folder installed by JDK to IAGEJ\JRE.

1.6.4 Compiling ImageJ plugins with a new JRE x|
The JRE from Sun does not include thels.jar file needed for _ _ _ _ _
. . i This J¥M does not include the javac compiler. Javac is
the menu command Plugins/Compile and Runto work. included with the Windmws, 05 ¥ and Linwxversions of
Without this file you will receive the error messagght. Image.. Mac OF 8 users must install Apple's Java SDK,

The WCIF installation can be used to compile plagiifi you upgrade the JRE the files required fampiing
plugins may also require upgrading. When you trgdmpile a plugin with an old version tfols.jar you receive
an error message in thErtors” log along like this:

“Note: sun.tools.javac.Main has been deprecated.

error; Invalid class file format in C:\ImageJ\jrédlrt.jar(java/lang/Object.class). The major.mineersion '49.0'
is too recent for this tool to understand.”

Thetools.jarfile is distributed in the Sun SDK, not the JRE.

Download and install the SDK. Note the locatioritef destination folder.
Delete or renambnagel/jre.

Locate thgre subfolder in the SDK folder.

Copy it to themageJfolder.

Copysdk/lib/tools.jarto ImageJ/jre/lib/ext

agprwNPE
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2 IMPORTING IMAGE FILES

ImageJ primarily uses TIFF as the image file forrfidte menu command-fle/Savé will save in TIFF format.

The menu commandrile/Operf will open TIFF files and import a number of othesmmon file formats (e.g.
JPEG, GIF, BMP, PGM, PNG). These natively suppofiled can also be opened by drag-and-droppindiléne
on to the ImageJ toolbar.

Several more file formats can be imported via Indapgkigins (e.g. Biorad, Noran, Zeiss, Leica). Wiyen
subsequently save these files within ImageJ théynailonger be in their native format. Bear thismind; ensure
you do not overwrite original data.

There are further file formats such as PNG, PSDoi@4hop), ICO (Windows icon), PICT, which can be
imported via the menu commahéile/Import/Jimi Reader.”..

2.1 Importing Zeiss LSM files

Files acquired on the Zeiss confocal are can baeampelirectly (with the Mandle Extra =101
File Types” plugin installed) via théFile/Open” menu command, or by dropping them on IB.S:Ean;rI: |
the ImageJ toolbar. They can also be importedhed'Zeiss LSM Import Panel” which iS|™ showinfos |
activated by the menu commarigile/Import/Zeiss LSM Import panel...This plugin has

the advantage of being able to access extra inmigemation stored with the LSM file, but

it is an extra mouse click.

[ Browse |
Images are opened as 8-bit colour images with tloepalette” pseudocolour (1) from th Edit Palette |
LSM acquisition software. Each channel is imporéeda separate image/stack. Lamb c'“‘“’:::m“'“ I
stacks are therefore imported as multiple imagesarsingle stack. They can be converted .
to a stack with the menu commaritinage/Stacks/Covert Images to stack”

Once opened, the file information can be accessddle z/t/lambda information can be irreversilibnged in
to the images or exported to a text file.

2.2  Importing Noran SGil file
Noran movies can be opened in several ways:

“File/Import/Noran movie.”.opens the entire movie as an image stack.
“File/Import/Noran Selection!. allows you to specify a range of frames to be ogeasea stack.

The Noran SGI plugins are not bundled with the ledagackage. To receive them, please contact
tonyc@uhnresearch.@a their author, Greg Joss, so he can keep trigkars. Greg Joggoss@bio.mg.edu.au
is in the Dept of Biology, Macquarie University,dey, Australia.

2.3 Importing Biorad PIC files

Biorad PIC files can be now be imported directlg the menu commandrile/Open”. Just the first frame of a
Biorad stack can be opened vigile/Import/Biorad First frame.”. Experimental information, calibration, and
other useful information can be accessediwiage/Show InfoBiorad PIC files can also be opened by drag-and-
dropping the file on to the ImageJ toolbar. The Riis opened with the same LUT with which it weeved in
the original acquisition software.

2.4 Importing multiple files from folder

Each time point of an experiment acquired withwafe such as Perkin Elmer's UMEEW or Scion Image’s
time lapse macro is saved by the acquisition soéivees a single TIF file. The experimental sequeraie be
imported to ImagedJ via the menu commahRde/Import/Image Sequence...

Locate the directory, click on the first image lre tsequence and OK all dialogs. (You may get aleonfperror
messages while ImageJ tries to open any non-imédge ih the experimental directory.) The stack will
“interleave” the multiple channels you recorded,dacan be de-interleaved viaPlugins/Stacks -
Shuffling/Deinterleave


mailto:gjoss@bio.mq.edu.au
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Selected images that are not the same size canmiperted as individual images windows using
“File/Import/Selected files to operi.or as a stack with theFile/Import/Selected files for stacK..Unlike the
“File/Import/lmage Sequencé.function, the images need not be of the same éoas. If memory is limited,
stacks can be opened as Virtual-Stacks with mosthef stack remaining on the disk until it is reedir
“File/Import/Disk based stack”.

2.5 Importing Multi-RAW sequence from folder

To form an image, ImageJ needs to know the imageemsions, bit-depth, slice number per file and any
extraneous information in the file format (offsetdaheader size). All you really need to tell ittie image
dimension inx andy. These values should be obtainable from the softwawhich the images were acquired.
Armed with this information follow these steps:

1. File/lmport/Raw...
2. Select experimental directory.

3. Typical values for the dialog box are:

Image type = 16-bit unsigned (or 8 hit typically)

width and height as determined earlier

offset = 0, number of image = 1, gap = 0, ‘whitezero = off

‘Little-endian byte order’ = on, ‘open all files folder’ = on to open all files in folder.
Non-image files will also be opened and may appsablank images and need deletingndge/Stacks/Delete
slice’. The stack will “interleave” the multiple chanselyou recorded, and can be de-interleaved via
“Plugins/Stacks Shuffling/Deinterledve

2.6 Importing AVI and MOV files
There are two plugins which can open uncompres3dd and some types of MOV file.

For opening (and writing) QuickTime you need a owosinstallation of QuickTime to include QT for Jaisee
section 1.3). QuickTime movies are then opened Wike/Import/QuickTime..”.

Uncompressed AVIs can be opened \Hde/Import/AVI..”.

2.7  Other Import functions
Leica SP4 eicausers, please contact me if you could supply ad-taeries to test SP files with ImageJ.

Olympus Fluoview -available fromhttp://rsb.info.nih.gov/ij/plugins/ucsd.htmNot bundled with the current
download.

Animated GIF -This plugin opens an animated GIF file as an RGBkstAlso opens single GIF images.

IPLab.... Allows Windows IPLab files to be opened direatlith the “File/Open” menu command, or drag-and-
drop.


http://rsb.info.nih.gov/ij/plugins/ucsd.html
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The “File/Savé (hotkey: S) menu command will save the image asrafile. Other | Tiff...
formats are available (see menu image on the righy can be accessed t
“File/Save As.”. When the Savé or “Save asdialog is opened, ImageJ will ente

the image window’s name, plus the appropriatesiilix, as the “File Name”. Jpeg..
ImageJ will not add the suffix back if you deletevhile changing the file name. This Lot e
may make your file inaccessible from other prograwmisich require the suffix to: ZIP...
identify the file format. Raw Data,

You can tell this from the name in the image windei/should display a suffix afterl
it has been saved. If you have deleted the filéixstifien resaving the file in the
desired format usually restores it.

BMP...
Animated GIF..This plugin saves a stack as an animated GIF. fksvon RGB or 8 LUT
bit images.
, Selection...

PNG, PICT, XBM, TGA, Photoshop (PSD), XPM or PCXnche saved with _
“File/Save As/Jimi Writer’.. Run the plugin and select the desired formatftbe ~ #f “oordinates..
drop-down box. Measurements...
Uncompressed AVI files are exported via eithEile/Save as.../AVI...And opened ~ Text..
via “File/Save as/AVI.. The frame-rate of the exported AVI movie is detaed in QuickTime export...
the “Image/Stacks/Animation Options.settings and can be between 0.1 and 1 Animate GIF
frames per second (fps).

. ) Jirmni Wiriter...
The AVI format that ImageJ saves is “uncompresseaitompressed files are large
but should be playable on any PC/Mac without argoder issues. There is freewal PNG export..

Image Seguence...
AV

available that will convert between AVI types (eRAD Video Tools) but once compressed, ImageJ mall
longer be able to import them (unless you use B Rideo tools to resave them as uncompressed AVIS)

QuickTime MOV files are exported via the menu comthéd-ile/Save As/QuickTime Expbrnd opened via the
menu commantFile/Import/QuickTime.”.

The frame-rate of the final QuickTime movie is sethe dialog that pops up after you've named yddOV file.
Compression settings are also set here. Despgegtkater flexibility compared to AVI files, AViend to be
moreMSWindowdriendly and do not require a custom installatidiQuickTime (see section 1.4).

Flash MX will import uncompressed AVI files. Theafme-rate will then be determined by Flash, notAkg
movie file.
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4  INTENSITY VS TIME ANALYSIS
4.1  Brightness and Contrast

To improve the visualisation of the image, the igpd brightness and contrast can Ig
adjusted with Image/Adjust/Brightness-Contraghotkey: Shift+C).

The “Auto” applies an intelligent contrast stretch to waey in which the image is displayec
The brightness and contrast is adjusted based amalysis of the image's (or selection’:
histogram. If pressed repeatedly, it allows a pgegively increasing percentage of pixels
become saturated.

1 — —
Resetchanges the “maximum” and “minimum” back to 0 @%b for 8-bit images and bacl I:"”'”'m:”m -
to the maximum and minimum of the image’s histogfaml 6-bit images. Masimum
If Autodoes not produce a desirable result, select amegfithe cell plus some backgroun < E,;}g—‘l:_Jhmess -
with a region-of-interest (ROI) tool, then hit th&utd’ button again. It will then do a stretch [ I ]
based on the intensities within the ROI. Contrast
. _ : B
Pressing theApply button permanently changes theactual grey values of the image. ’:_'t'f_ . ;f"‘ft
Don't press this button during while analysing imag intensity! , TE 2 = ’Lﬂi’_
hresh pdate.

If you prefer the image to be displayed as “blankwnite” rather than “white on black”, the
image display can be ‘“inverted” by the commantindge/Color Tables/Invert-LUT The command
“Edit/Invert..” inverts the pixelaluesnot just the way the image is displayed.

4.2  Getting intensity values from single ROI
If the movie has been opened as a stack, the R@ited can be analysed with the commamlugins/Intensity
vs Time PIdt (hotkey: “1"). This generates a single column ofntners - one slice intensity per row.

The top 4 rows of the column are details of the Riis is useful to ensure the same ROI isn't as&dytwice
and allow relocation of any interesting ROIs. Thails are comprised of x-coordinate, y-coordinateth and
height of the ROI. If the ROI is a polyline/freeldaROI rather than a square/oval, the details arengas if the
ROI was an oval/square. The (oval)ROI can be redtby entering the details prompted by tRéutjins/Restore
ROP command.

The results are displayed in a plot-window with 8@l details in the plot window title. The plot ¢ams the
buttonsList, Save, CopyThe Copybutton copies the data to the clipboard whereuiit loe pasted into a waiting
Excel sheet. The settings for the copy button canfdund under Edit/Options/Plot profile optiors
Recommended settings arfgéo not save x-valuegrevents slice number data being pasted into [aed
Autoclosgprevents you having to close analysed plot each. t

4.3  Dynamic intensity vs Time analysis
The plugin Plugins/Stacks — Z&T projections/Dynamic ZPrdfilgill update the plot window each time the ROI
selection is moved. This may help locate initiatsitles of calcium signals for example.



4.4

Getting intensity values from multiple ROIs
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Multiple ROIs can be analysed at once using Bobdgbeuty’s ‘Multi Measuré plugin. There is a native “ROI
manager” function which does a similar job excdm tesults generated are not sorted in to colui@heck
Bob’s website for updatebttp://www.optinav.com/ImageJplugins/list.htm

The Multi Measure plugin that comes with the irlst&dn is v2.

1.
2.

E

10.

11.

5
The ROIs can be stored and re-opened later usmgvihiti Measure dialog buttong
“Savé. Save them in the experimental data folder. TH@lRcan be opened Iater:
either individually (Multi Measure dialog buttonOperf) or all at once (Multi |,

Open t-series. [ ——

It's worthwhile generating a reference stack to atié ROIs to. Use the
“Image/Stacks/Z-projetfunction (hotkey: Shift+2). Select the “Average” option,
Rename this image “Refkpt nam&or something memorable.
Open ‘Multi-measuré plugin (“Plugins/ROI/Multi Measurg. |
Select background ROI first of all and to list witite Multi Measure dialog buttor

“Add+Draw <CR>" (hotkey: Enter a.k.a.Carriage returr). Continue adding cell
ROls.

Once finished selecting ROIs to be analysed inréference image, save th
reference image to the experiment's data folder tweth select the stack to b
analysed. y

N

¢ Multi Measure !Em
Add <GP=

Click Multi Measure dialog Multi” (not the “Measuré) button to measure all the

Add+Draw=CR=
Delete
Open

Open Al
Save

Select All

Measure

I ulti
Dran
Fill
Copy List

Labels
 Center
& Coord.

ROIs. Click “Yes” on Process stackdialog.
Go to “Results” window. Select menu itefadit/Select All.”. Then “Edit/Copy All.

Go to Excel and paste data. With large data setsc#m take some time so check you're pasting ree ith

and not the last dataset copied from Multi Measure.

To copy ROI co-ordinates in to the Excel spreadsteesure there is an emptyfie K8

row above the intensity data. Got to Multi Measdi@og and click “Copy list”
button.

ROI co-ordinates.

—
2
Go to Excel, select the empty cell above the fiet column and then paste trE—,\

cut [Meand
43803
42913
42913
43803
15 667
47.537]
49.005
498583
50.309

Copry
Copy &1
Clear

Clear Results

Summarize

Set Measurements...

10916

118 7R4  TRESE  A04

Measure dialog buttorOpen Alf) which opens all the ROIs in a folder.

Oval

and rectangular ROIs can also be restored viduhlly from x, v,

“Plugins/ROI/SpecifyROl,., " (hotkey: Shift + G)

h values using

% ImageJ assumes stacks tozkmeries rather thanseries so many functions related to the third-disien of an
image stack are called-" something — e.g. “z-axis profile” is intensity owame plot.


http://www.optinav.com/ImageJplugins/list.htm
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4.5 Obtaining timestamp data

451 Zeiss LSM

Once imported via the Zeiss LSM panel, the timeptalata can be extracted with the panel’'s ‘Applyatrg’
button. This will then ask you if you want the tistemp to be added to the image, or displayed éxtafite for
saving/pasting to excel etc.

45.2 Noran

In most instances the x-axis data, i.e. time ohefaame, can be calculated from acquisition rates fiame
number (e.g. frame 301 acquired with the acquisitiate set to 1 frame per 0.5 seconds was acqair&b
minutes). However, the acquisition rate is nondinén the above experiment frame 301 was actaaifyuired at
25 minutes 12 seconds. Each frame has storedtvatttimestamp”, the precise time (in nanosecontiel) it was
acquired. This information can be extracted fronopened movie.

The movie must be opened as a stack and the timpstaan be extracted with the commarichgort/Noran
timestamp (msetwhile the Noran Movie is open and selectd@dhe timestamp data appears in tiResults

window. To copy data, click with the right mousettbn on the windows, selecSelect All, then right-click
again and sele€@opy. The timestamp data (accompanied by the movieditee) can then be pasted into Excel.

The Noran SGI plugins are not bundled with the ledagpackage. To receive them, please contact
tonyc@uhnresearch.car their author, Greg Joss <gjoss@bio.mg.edu.ddept of Biology, Macquarie
University, Sydney, Australia.

453 Biorad

This can be accessed via the menu commémadde/Show Info.".. Scroll down and it should give the time at
which each slice was acquired. This can be seledepied in to Excel and the time number obtaingd b
searching and replacing (Excel menu commakdit/Replac® the text, leaving only the time data. The
“elapsed” time can then be calculated by subtrgatinv 1 from all subsequent rows.

4.6 Pseudo-linescan

“Linescanning” is a mode of acquisition common tany confocal microscopes where a single pixel Witk is
acquired over a period of time instead of the ndrr2@, x-y image. Usually this allows faster acdios. The
single pixel wide images over the time course taeked from left to right to generate a 2-D imaige, k-t).

A “pseudo-linescan” is the generation of a linestygne x-t plot from a 3-DX, vy, ) timecourse and can be useful
in displaying 3-D data (x, y, t) in 2 dimensions.

A line of interest must be drawn followed by the nooand:
“Image/Stacks/Reslicedr keyboard “/”. It will prompt for the line width
Enter the width of line you wish to be averagedos®udo-linescan “stack’]
will be generated, each slice representing the qiséinescan of a single-
pixel wide line along the line of interest. To aage the pseudo-linesca
“stack”, select Image/Stacks/Z-Project... and select the Average
command. A polyline can be used although this willy allow a single
pixel slice to be made.

This example shows the elementary calcium evemtsapling a calcium
wave. Hela cell loaded with the calcium-sensitive@fophore, Fluo-3 and
imaged whilst responding to application of histagnih. Frame taken from time-course at the peak of the
calcium-release respons8) (The line of pixels along X-Y was taken and statkile by side from right-to left
to generate a "pseudo-line scan". This allows Visai@on of the progression of the wave from itisiation site.
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5 PARTICLE ANALYSIS
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Particle counting can be done automatically if¢hecimen lends itself to it, i.e. the individuatpdes can touch

— but not too much! If automatic particle
“Point Picker” or “Cell counter” plugin.

5.1 Automatic Particle counting

counttannot be done, ImageJ can facilitate manual cogintith the

The biggest issue is one referred to as “segmentatihich is to distinguish the object from the kgwund.
Once the objects has been successfully segmehtgdcan then be analysed.

RAW

Merge

Threshgl_d

Yo »
.
B

a9

o (4
° *s P * s BN @5
: ©

Watersrleg_ “Analyze Particles”

A
eI
e ';!. ‘B D .
e EGoiaN

a ¥ ~

5.1.1 Threshold segmentation
Automatic particle analysis requires the

image ecaly'binary” image i.e. black or white. The softeareeds to

know exactly where the edges are to perform mog@gyimeasurements. A “threshold” range is set ardlpin

the image whose value lies in this range

are coedeo black; pixels with values outside this raage converted

to white (or vice-versa depending on what the usguests).

B Il

H|\I‘M\u L
«

Red hd
ﬂl Apply | Reset ﬂl

264x263 pixels, &-hit; 65K

There are several ways to set thresholds. For nimooe images
it is most simply done via thee menu command
“Image/Adjust/Threshald While the threshold is being set, the
pixels within the threshold range are displayeddd. The user
then changes thenApply' the threshold and the image will be

converted to a binary image.

For colour images, setting the threshold is a hiten

require different threshold ranges. The plugl :
“Plugins/Colour functions/Threshold Coldurcan be
used to do this most easily. This opens a fair
complicated and extensive control window. Thj
simplest way to perfume a colour threshold is te ug
one of the selection tools to select one of theabjof §
interest, and then click the &gplé button in the
“Threshold Coloutr control window. This should —

=TT

Hue Filter type

| © Fass @ stop

1 y1
A e

Saturation

@ Pass " Stop

remove the pixels in the image that do not havelpix:
of the same colour as those in the selection. Tk
thresholding can be manually tweaked with scrotsbd.
in the histogram panes. It may be easier (t

switching the Control window from the default Hue¥
Saturation and Brightness colour model to red, ror
blue model by switching the option buttons at t

Brightness

@ Pass " Stop
e o .

4] [ »e2
A e

¥ Threshold [ Invert

Original Stack | Help

Flitered

bottom of the control window. The image can be
displayed as a binary image with the “Threshold”

iBample| & HSB C RGE © CIE Lak

button, and converted to a binary image via theineermmandimage/Type/8-bit (?!).
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5.1.2 Watershed segmentation

Objects in a binary image that are slightly oveplag may be separated using the menu command
“Process/Binary/Watershed'This segmentation process is nicely illustratethvthis figure from the ImageJ
documentation web pagdsttp://rsb.info.nih.gov/ij/docs/index.htinl

Thresholded Cells EDM and UEPs After Watershed Segmentation

The image first needs to be converted to binary {gethresholding). The black pixels are then aepH with
grey pixels of an intensity proportional to theistdnce from a white pixel (i.e. black pixels cldeghe edge are
light grey, those closer to the ‘middle) are nednecck. This is the Euclidian distance map (EDM)rR this it
calculated the centres of the objects tlenate eroded pointJEPS), i.e. points that are equidistance from the
edges. These points ere then dilated until the areather black pixel, then a watershed line is draw

5.1.3 Analyse Particles
Once the image has been segmented, the menu conimaalyze/Analyze particles” =
can be used to obtain various information regargiagicle size and numbers.

Minimum Size (pixels)

: [
Set the minimum size and maximum size to excludeatd that appear in the binary wmimum sz iels): |aaasss

image that are clearly not objects of intereste@ethe “Show: Outlines” option to Bins 258y [298
display an image of the detected objects. Thistkan be merged with the original for Snow: [outines ¥]
presentation purposes. Invert the outline image asdé the menu command _ .
“Plugins/Colour functions/Colour merged add the original and outline image. I Exslude Edge Particles

. . . . [™ Size Distribution
The particle analysis can be automated via pluginsmacros once the correct ... rseuts rase

threshold value and particle size range has beenrdimed for your objects of interest. 1 recora stans
See the Plugins/Particle Analysis/ Nucleus couritgrugin and its source code to ¥ summari=

customise it to your images. ok_| cancel

5.1.4 Particle tracking
The ‘MTrack2” plugin (“Plugins/Particle counting/MTracK® tracks particles and reports their coordinates a
each time-point and their total path length.

2=37,41
] 1=10 2=41,56
] Al 0y
- I‘ED‘EW 1=76.88 1=61288
i i fi - i i
- P 2952
- - 2=08;
’
. \ 1=48.87 o Faal
=15 7 5 16 2 2%
- + - F . -
1=36,74 1=35,74 1=35,74 \—/—\/
. “ LY . LY LY
31 36 41 31 36 41
Raw Background corrected MultiTracker Motion paths
Smoothed, Binary result of two objects
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5.2  Manual Counting
You can use the ImageJ tooll@rosshair (mark and countpol to count particles. However, a greater degifee
control can be accessed with the “Point Picker"'Gell counter” plugin.

5.2.1 Cell Counter
When then Plugins/Particle counting/Cell pem
Countef plugin) is run, a new Image
window is generated with the original imaggg
plus four buttons along the bottom (Red typ
Green type, Blue type and Yellow type
Clicking on a button changes the colour
the marking tool. The results table keepsH
tally of the number of each of the cell typefs
marked. Clicking the Results button wi
generate a summary of the data.

File  Edit
Acive Type [Type 1 [Type @ [Type3 [Typed [Total =
4 & a B 1 12

i 5 2

i 5 0 5 3 1
4 5 i

Red1:5

Green 2:0 b - - -

Blue 3:6

o Redtwe | Greentpe | Bluetme | vellowtpe | [Hgsiis ]

Total: 16

=l [:l H

5.2.2 Point Picker

“Plugins/Particle counting/PointPick&r Running this plugin will change the ImageJ tooltmthe PointPicker
toolbar (below).

Apply to single slice/all slices Return to Imagedlibar

/ﬁm 3 R T |
Add Mov;\ Delete  Import/Export \ Image Zoom

Crosses Crosses Crosses point coordinates

Crosses are reversibly overlaid on to the imagaementally changing colour (this differs from tGeosshair
tool which irreversible stamps a point in the imag®ith the Point Picker tool, crosses can be moagad
deleted. Once marking is complete, the cross coatéls can be accessed via button.

x| This produces the “Point List” dialog allowing yda Show Saveor Openth-e points’ coordinates.
Clicking “Show displays the coordinates in tiesultswindow, where they can be saved or copied to

Show

=
the system clipboard. Once finished, you can retarthe regular ImageJ toolbar by clicking Jﬂ

[0}
= button.

Cancel |
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6 COLOUR ANALYSIS

6.1 Fluorescence Colocalisation Analysis

One key issue that can confound colocalisationyaiglis bleed through. Colocalisation typically ahxes
determining how much the green and red colourslapeTherefore it is essential that the green émgitlye does
not contribute to the red signal (typically, rededydo not emit green fluorescence but this needbeto
experimentally verified). One possible way to avdiked-through is to acquire the red and green éwag
sequentially, rather than simultaneously (as withmal dual channel confocal imaging) and the useasfow
band emission filters. Single and unlabelled cdatnaust be used to assess bleed-through.

6.1.1 Colocalisation Coefficients
6.1.1.1 “Image Correlator plusand “ Red-Green Correlatdmplugins
These two plugins are effectively the same, extkpage Correlator plus requires two grey-scale images to be
selected and theRed Green Correlatdrplugin works on the current RGB image.

The plugins generate a 256x256 scatter plots mtrelation coefficients. In each scatter plot, fingt (typically

red) image component is represented along the sx-thé second image (typically green) along theig-alrhe
intensity of a given pixel in the first image isedsas the x-coordinate of the scatter-plot poink thie intensity of
the corresponding pixel in the second image ag-tt@ordinate.

The intensities of each pixel in the “CorrelatiolotPimage represent the frequency of pixels thiapldy those
particular red/green values. Since most of you enaij probably be background, the highest freqyewfcpixels
will have low intensities so the brightest pixalstihe scatter plot are in the bottom left hand epbrni.e. x~ zero,
y ~ zero. The intensities in the “Red-Green coti@faplot” image represent the actual colour of pireels in the
image.

Mito-DsRed; ER-EGFP

Pearson's correlation (R) 0.34
Overlap coefficient (R) 0.40
Nred + Ngreen pixels 0.66
Colocalisation coefficient for red (Mred) 0.96

Colocalisation coefficient for green (Mgreen) 0.49

TMRE (red) plus Mito-pericam (Green)

Pearson's correlation Rr 0.93
Overlap coefficient R 0.94
Nred + Ngreen pixels 0.93
Colocalisation coefficient (red) Mred 0.99
Colocalisation coefficient (green) Mgreen 0.98
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The “Plugins/Stacks-RGB/Red-Green Correladtqiugin will take an RGB image, split it and theengrate the
correlation plots and data. It will work on the Ri@Ithe original image or the whole image if no R®selected.

Both plugins generate various colocalisation cogffits: Pearson’s (Rr), Overlap (R) and Colocabsa{M1,
M2) See Manders, E.E.M., Verbeek, F.J. & Aten, IMeasurement of co-localisation of objects in doalour
confocal images'). Microscopy169, 375-382, (1993). See tutorial sheet ‘Colocal@dtfor details.

6.1.2 Highlighting colocalised pixels
6.1.2.1 “Colocalization” plugin

Plugins/Colour functions/Colocalizatiorf.his plugin will generate an image of colocaligagels and also an
image of those colocalised pixels superimposed BGB-merge of two 8-bit images. This type of colsaion
requires users to decide a “threshold”
value which can introduce bias.

This plugin highlights the colocalised

points of two 8-bits images (or stacks).
The colocalised points will appear white
by default (Display value = 255). The

plugin merges the red and green 8-bit
channels to an RGB image and highlights
the colocalised pixels in white. Pixels are
considered colocalised if their intensities
are higher than the threshold of their
channels (set at 50 by default): and if the
ratio of their intensity is higher than the
ratio setting value (set at 50% by default).
A second image of just the white

colocalised pixels is generated if the
“Also show colocalised pixels alone”

option is checked.

6.1.2.2 “Colocalization finder” plugin
Menu commandPlugins/Stacks — RGB functions/Colocalization firide

This plugin will prompt you for two grey-
scale images and creates a scatter plot and
a red-green merged image. The pixels
represented by the scatter plot point can
be highlighted by selecting the points with
the rectangular selection tool only. The
32-bit scatter plot is best visualised after
having had its contrast stretched
(“Image/Adjust/Brightness&Contrast)..
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7 IMAGE INTENSITY PROCESSING

7.1 Brightness and Contrast

The Brightness and Contrast window (Hotkey: Shift+C; menu command
“Image/Adjust/Brightness and Contrast).Will allow you to change the way the image is
displayed. The x-axis of the plot represents theelpintensities in the image; the y-axis
represents the intensity that they are displayedtdn of y-axis is display black; top is
display white). Initially, there is a linear relatiship between the image intensity and the
display intensity. Increase the minimum value teptlly your image background as black
(i.e.) zero and decrease the maximum value to alisihle brightest objects in your image as
white. This is best achieved in a greyscale image ltading the “HiLo LUT”
(“Plugins/LUT/Hi Lo Indicator...} hotkey: F1).

The Auto button applies a linear histogram stretch (a.Narmalisatior), i.e. it sets the
displayed value to match the maximum and minimuterisity in the image. Clicking the
Auto button again will allow increasing amountssaturation. By clicking thépply button
the values in the image are changed to match thgilayed value. Do not do this prior to
guantifying intensity values! If you are processmgstack, you will be given the option to
apply this adjustment to the entire stack.

If Auto does not produce a desirable result, select @amegfi the cell plus some background with an ROl too
then hit theAuto button again. It will then do a stretch basedranintensities within the ROI.

If you prefer the movie to be displayed as “Whitel @lack” rather than “Black and White”, the imagjsplay
can be “inverted” by the commanthiage/Color Tables/Invert-LUT The command Edit/Invert..” inverts the
pixel valuesnot just the way the image is displayed.

7.2  Non-linear contrast stretch

More control of the brightness and contrast adjestmcan be achieved with the
“Process/Enhance contrasttnenu command. Here, when applied to a stack,pliep
the adjustment based on each slice’s histogramjuebthe one currently displayed as is
done with theBrightness and Contrastindow.

“Equalisation” applies a non-linear stretch of listogram based on the square root of
the intensity (see online guide to image processing
http://www.dai.ed.ac.uk/HIPR2/histeq.Htm

The “Normalize” option performs a simple linearesth on the image in a similar way to theuto” option in the
Brightness and Contrast window, except that whepliegh to a stack each slice in stack is adjusté@rently
based on the slice’s histogram.
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7.3 Gamma

This can be though of as a non-linear histogranustdjient. Faint objects can be made more intendeuwit
saturating bright objects (gamma <1). Similarly,dinen-intensity objects can be made fainter withdimtming
the bright objects (gamma > 1). The intensity aftepixel is “raised to the power” of the gamma eahnd then
scaled to 8-bits or the min and max of 16-bit in\age

For 8 bit images; New intensity = 255 eld intensity+255f*™"}

Gamma can be adjusted via tHerdcess/Math/Gammatommand or thePlugins/Utilities/Gamma Scroll-bar
plugin. The latter will open up a new window codyyour image and you can adjust the gamma withstrell
bar. Click on Done” when you are finished. This is a bit flakey anesiot react well if you change images in
mid-adjust! This does not work on stacks. You cae the Scroll-bar to determine the desired gamrhaean
one slice of your stack, and then apply this gamatae to the stack via thé&focess/Math/Gammatommand.
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7.4  Filtering
See the online referendettp://www.dai.ed.ac.uk/HIPR2/filtops.htfar a simple explanation of digital filtering.

Filters can be found under the menu iteRrdcess/Filters.”. Typically use a Radius (pixels) of 1 which
equates to a 3x3 “kernel” — see online reference.

Mean filter the pixel is replaced with the average of it aisdneighbours within the radius. The menu item
“Process/Smooths a 3x3 mean filter.

Gaussian filter The is similar to smoothing but replaces the lpixi¢h a pixel of value proportional to a normal
distribution of it's neighbours — not explained tyélknow, but you've probably skipped the onlirefarence and
you need to read that to understand the way tte filorks properly.

Median filter. the pixel is replaced with the median of it at&l adjacent neighbours. This removes noise and
preserves boundariesbetter than simple mean filtering, but can look dod(The menu item
“Process/Noise/Despecklis a 3x3 median filter).

Kalman filter Sophisticated filtering for time-course experinger a sort of “weighted running average”. Best
used if the sample frequency is higher than therigvfrequency i.e. slowly occurring events. Othisewou get
odd, blurry results.Process/Filter/Kalman Stack...

Sigma filter A modification on the standard mean filter bugégmrves edges better — can be though of as aégentl
smooth”. The user specifies the kernel size, tlggn&iwidth and the minimum number of pixels to inguA
Sigmavalue for the kernel is calculated (based on #iréance and mean of the intensities) and only pixgthin

this Sigma rangg= Sigmax the user define8igma Widthscaling factor) are used to calculate the meathelfe

are too few pixels (exact number set in the usalodi Minimum number of pixélsn the kernel that are within
the Sigma range then the central pixel which isimesl to be spuriously low or high and the mearhefrest of
the kernel is taken. Increasing t8gma widthand theminimum number of pixelgsults in increased smoothing
and loss of edges. This plugin is under developnmease send me any feedback..

J.S. Lee, Digital Image Smoothing and the SigmeiFiComputer Vision, Graphics, and Image Procgsa# (1983) p. 255-269.



7.5 Background correction
Background correction can be done in several wagsig facilitated if the grey image has tHelugins/LUT/Hi
Lo indicator’ (Hotkey: F1) LUT loaded. This displays the zemlues blue and the 255 white values red.

If the background is relatively even across thedendt is most simply remove with thgrightness&Contrast
command — slowly raise thdinimumvalue until most of the background is displayeaeblThe press th&pply
button to change the grey-values and remove thiegbaiend.

For uneven background the menu commaRtbtess/Subtract backgrouhdan be used. This menu command
removes uneven background from images using arigoball” algorithm. The radius should be set tdeaist the
size of the largest object thatrist part of the background. It can also be used towvenbackground from gels
where the background is white. Running the comnsmwetral times may produce better results.

RAW “ Process/Subtract Background...”

Once the background has been evened, final
adjustments can be made with the
Brightness&Contrastontrol.
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7.6

7.6.1

Flat-field correction

Proper correction

This technique is applied to brightfield images.euen illumination, dirt/dust on lenses can resnltai poor
quality image. This can be corrected by acquiringflat-field” reference imagewith the same intensity
illumination as the experimenthe flat field image should, ideally, be a fiefflview of the coverslip without any
cells/debris. This is often not possible with the@erimental coverslip, so a fresh coverslip mayubed with
approximately the same amount of buffer as the mxgat. With fixed-specimens try removing the slide

completely

Flat field Corrected

1. Open both experimental image and flat-field image.

2. “Select all of the flat-field image (hotkey: A) and measuhe taverage intensity (hotkey: M). This value will
appear in the results window and represents yowakde below.

3. Use the Image Calculator plusplugin (“AnalyséTools/Calculator plug.

4. il = experimental image; i2 = flat-field image; kImean flat-field intensity; k2 = 0.

This can also be done using tHer6cess/Image Calculatorfunction and ensuring the “32-bit Result” option is

checked. You will then need to adjust the brighéreasd contrast and change the image to 8-bit.

7.6.2

RAW

Pseudo-correction

Corrected

Often it is not possible to obtain a flat-field eefnce image.
However, it is still possible to correct for illund@tion intensity
(although not small defects such as dust) by maéifigseudo-
flat field” image by performing a large-kernel éfton the image
to be corrected. This is particularly useful forlimages where
there is an intrinsic, and distracting, gradientlimination.

The menu command Pfoces#ilters/Pseudo-flat field

automates this process. You are prompted to eheikernel
size for the mean filter; try the default values6f first. You can
opt to keep the flat field image open to check Wwaethe kernel
is large enough. The object should not be visibléhe flat field

image.

The first RAW image (top) pseudo-flat field
corrected. Here the pseudo-flat field corrects for
the uneven illumination but does not correct the
dust specks. Compare this with the result of a
proper flat-field correction above.
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7.7 Masking unwanted regions
7.7.1 Simple masking
Draw around the area you want with one of the R®Ist then use:Edit/Clear outside. This will change area

outside the selected region to the background value

7.7.2 Complex masking
A more sophisticated masking can be done by “tluldéiy” the image and subtracting this new binanage
from the original.
1. Duplicate the image (if it's a stack it's worthwdijenerating a “average projection” of a few frames
2. Threshold this image using the menu commadnthge/Adjust/Thresholdhotkey Shift+T).
3. Hit the Auto button and then adjust the sliderslaells are all highlighted red.
4

Then click ‘Apply’. Check the tick box: “black foreground, white kgoound”. You should now have a
white and black image with your cells black and Kggound white. If you have white cells and black
background, invert the image witkdit/Invert.

5. This can be smoothedRfocess/Smoothand the black area enlarged slightly witPrbcess/Binary/Dilaté
to give a better mask

6. Using the regular Image calculatdProcess/Image calculatosubtract this black and white “mask” image
from your original image/stack.
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8 COLOUR IMAGE PROCESSING

Images can have colour in two ways: pseudocololR@B. A pseudo-coloured image is a single charnel,
grey) image that has colour ascribed to it via @Kl up table” or LUT (a.k.a. palette, colour tabl&his is
literally a table of grey values (zero to 256 o©80vhether 8-bit or 12-bit grey) with accompanynegl, green
and blue values. So instead of displaying a gteyjrage displays a pixel with a defined amourgaxth colour.
Differences in colour in the pseudo-coloured imagfiect differences in intensity of the object mththan
differences in colour of the specimen that has leaged. For pseudocolour functions see later.

The colours in RGB images (24-bit, 8-bits for ea€lthe red, green and blue channels) and usedoiw shulti-

channel images. The colours are designed to rafatine colours, i.e. the green in an RGB imafleats green
colour in the specimen, the differences in intgneitthe green reflects differences in intensitygoéen in the
specimen. There are several RGB functions in Imabdive functions can be found innfage/Colof and

additional RGB functions can be found mltigins/Colour functioris

Fluorescence and transmitted light brightfield iemgan be merged with th@ltigins/Colour functions/RGB-
Grey Mergé plugin.

8.1 Merging multi-channel images

Currently, only 24-bit colour images are supporteel, 8-bit red, green and blue channels. 48-bibwroimage

(i.e. 16-bit red, green and blue) processing iseartevelopment, but currently 16-bit grey imagesdnto be
converted to 8-bits before merging. This can beedoy adjusting th@&rightness&Contrasto the desired level
and then using the menu commanddge/Type/8-bit”.Using the Plugins/LUT/HiLo indicator” LUT can

facilitate setting the brightness and contrasto zedisplayed as blue; saturated-white (255) ds re

The brightness and contrast of each channel is djgsted prior to merging, however, each chanaal lze
individually adjusted after merging with thénfage/Adjust/Coldrfunction. This will not open the control panel
if the “Brightness & contrastcontrol is already open.

8.1.1 Zeiss LSM multi-channel experiments

Each channel in a Zeiss LSM file is imported asasafe stacks. For single slice/time point, tripfamnel
experiments this will produce 3 images — one farheaf red, green and blue. Dual channel z- or tieseare
imported as two separate stacks. To merge thegreén and blue components seleatge/Color/RGB merge
and put the appropriate image in the appropriadmicdl.

8.1.2 Biorad multi-channel experiments
Dual channel, 3-D (i.exyzor xyf) experiments are savexs two separate files, one for each channel. Baeh f
needs to be imported and then the stacks mergadhwtmenu itemmage/Color/RGB mergdypically, the red
channel should be ***01.pic and the green **02_pic

Dual-channel, single frame experiments are savesingge PIC files with two slices. These can be RG&ged
with ImageJ menu:lthage/Color/convert stack to RGBmageJ assumes that if it's a two slice statikesl is
red and two is green and there is no blue channel.

Biorad dual-channel images acquired with CoMOSveie have both channels displayed side by sidesingle
slice. The plugin Plugins/Colour Functions/Biorad Aligme will allow these images to be merged. The user can
designate the colour for each half of the imagenfthe drop-down option box. Brightness and crohtégach
half of the image can be adjusted separately Bcsey each half of the image, adjusting and thgpiyéng the
Brightness and Contrast change. To facilitate tthis, keyboard function key “F4” selects the lefhéiedmage
panel when pressed once, then the right hand ipagel the next time it is pressed.

8.1.3 Interleaved multi-channel experiments

Multi-channel experiments acquired on Noran ankiReEImer systems are imported with the differemacnels
interleaved, i.e. slice 1 is timepointl-channellice? is timepointl-channel2. The stack needs to“Ide-
interleaved” before it can be RGB-merged. This bardone with Plugins/Stacks-Shuffling/Delnterleavahd
entering the number of channels in the dialog ity “2”). The two stacks can then be merged via:
“Image/Color/RGB merge
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8.1.4 Colour merging
An alternative to the normal Red-Green merge
is to merge the images based on Cyan and
Magenta, or Cyan-Yellow or any other colour
combination.

This can aid visualisation of colocalisation due
to our poor perception of red and green
colours. The Plugins/Colour

functions/Colour Merge function  will

perform a ‘difference’ arithmetic processing
on the image stacks you select. This is not
strictly a merge (when cyan and magenta
merge they produce white, not yellow) but
facilitates visualisation of the separate

channels (See Demandolx and DavoustMicroscopy 1997 v185. p21). You can perform a true mergeif

turn off the “Difference” option.

Run the plugin and select the two images to be etkr§elect the desired colours from the drop-doptions.
<Current> uses the LUT that the image currently (this is often the desired LUT). The “Differenception

performs a “difference” arithmetic operation rattiean a “addition”. If the “Pre-sub 2 from 1" optiégs checked
the second image is subtracted from the first pgomerging. This may be useful for merging greiglutfield

images with fluorescence where simple addition egult in washed-out look t the fluorescence imdgean

look “unnatural” though. Another option may be watken” the brightfield image prior to merging (usenu
command Process/Math/Multiplyyand use the value 0.5-0.75).

Normal merge

8.2 Pseudocolour

Subtraction of red from grey prior to

Grey image multiplied by 0.75 prior to
normal merge

Judicious use of LUTs can be very useful in hidftiilgg the desired features of an image. The hunyancan
only perceive relatively few shades in one sceseuBo-colouring images can make the data mordevisib

Traditional “Green” LUT

Enhanced “Green Hot” LUT
Microtubules under nucleus now more apparent
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Have a play and see which LUT helps illustratesf¢la¢ures in your image.

Montage compiled from a stack generated using linginp“Plugins/LUT/ListLUTs

Different LUTs are available via the menu commatissage/Lookup tableand also Plugins/LUT. Custom
LUTs can be made with thélugins/LUT/LUT panél Extra LUTs can be found in C:\ImageJ\LUT and d¢en
applied by highlighting your image and selectijugins/LUT/OpenLUTthen selecting the requirediut file.
Opening LUTSs via this command rather than othersiag. ‘File/Open...” or “File/Import/LUT..”) prevents the
default folder from changing toCi\lmageJ\LUT. Custom LUTs can be made and edited using the
“Plugins/LUT/LUT panélplugin.
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9 STACK-SLICE MANIPULATIONS

9.1 Slice shuffling/removing/Adding

Once imported, the slices in each stack can bepuktéd in many ways. See images below for expiamaf
some of these functions

Deleting single slice:ltnage/Stacks/Delete Slice”

Deleting a number of slicesPlugins/Stacks - Reducing/Slice remover”

Select the slices to remov&lugins/Stacks- Reducing/Substack maker”

Stack to images/Images to stacknage/Stacks/Stack to images” (Images to Stgck...
“Images to Sta¢kequires images to be the same siRtutjins/Stack — building/Stack Buildeworks on images
of different sizes. The sequence in the stacktisrdéned by the order in which they were openedte

Montage:lmage/Stack/montage Many settings are self explanatory. Ideal for gatieg a montage of a stack
for a lab book.

Reversing stack:Plugins/Stacks — Stack Shuffling/Stack reverser”
Concatenate:Plugins/Stacks — Building/Concatenator”

Stack Combine:Plugins/Stacks — Building/Stack Combiner”
(De)Interleave: Plugins/Stacks — Shuffling/Delnterleavarid 7Interleave”
Stack Inserter:Plugins/Stacks — Building/Stack Inserter”

Stack Sorter“Plugins/Stacks — Shuffling/Stack Sorte€ontrol the position of individual slices
or groups of slice. Advanced “Insert” functionality
Concatenate Combine

-0

De-Interleave 4 Interleave

Stack

5
8
4 2
Images to Stack * 4 Stack to Images
Or Stack
Builder Sub-stack

maker

- -

Stack reverser

i \Stack Maker
Stack Inserter \ .

Destination Montage

Source

wm >
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9.2  Stack dimension manipulations
Images and stacks can be resized and rotated afitberfunctions or the more sophisticated Transfoeat of
plugins from Erik Meijering. These are found in tdugins/Transform3Jmenu list.

E. H. W. Meijering, W. J. Niessen, M. A. Viergeveuantitative Evaluation of Convolution-Based Methofbr Medical Image
Interpolation Medical Image Analysjs/ol. 5, no. 2, June 2001, pp. 111-126.

More details can be found on this web-ditéép://www.imagescience.org/meijering/software/sfanmj/

Spatial calibrations are lost so see the sectionconto copy calibrations from one image to anotkién scaling
(12.1.1.2)
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10 z-FuNcTiONS

10.1 Stack-Projections

A z-series is generally difficult to represent a&-B image for publication purposes. A montage walibw the 3-
D dataset to be visualised in 2-D, but resultsaoheframe being very small. There are several wayiatten”
the 3D stack.

10.1.1 Maximum intensity Z-projection:
Menu commad “Image/Stacks/Z-projeti{hotkey: Shift+Z). Select “Maximum Intensity” fro the drop-down
box. Also look at Plugins/Stacks — Z&T projections/Grouped ZProjettahich can be used to perform a
“frame average”.

10.1.2 Sobel filter based Focussing
Menu command: Plugins/Stacks — Z&T projections/Stack Foclg#ugin uses a Sobel edge filter to calculate
“best focus”. Try “3” for kernel value in the firgtstance. Only works on 8- or 16-bit images. I casult in a
“pixelly” image.

10.1.3 Wavelet-transform based focussing RAW
Daniel Sage, Jesse Berent, Brigitte Forster, Dirkiamn De Ville, Biomedical Imaging Group,
Swiss Federal Institute of  Technology Lausanne (BPF Switzerland,

http://bigwww.epfl.ch/demo/edf/index.html

Superior, but slower, algorithm compared to the ebdilier focussing. Menu command
“Plugins/Stacks — Z&T projections/ExtendedFdcpdugin uses a wavelet transform (a more
sophisticated transform compared to the Fouriersftam) to calculate to “best focus”. Run
plugin and click “Fusion” button. Works with RGB ages. A full description of the plugin and
the can be found at the Author’'s website. A topgplogage is also generated. Please cite the
authors papers below if you publish work using thisgin.

For more information see the following papers:

B. Forster, D. Van De Ville, J. Berent, D. Sage, Whser , Extended Depth-of-Focus for Multi-
Channel Microscopy Images: A Complex Wavelet ApphaProceedings of the Second 2004 IEHE
International Symposium on Biomedical Imaging: Fridano to Macro (ISBI'04), Arlington VA, USA,
April 15-18, 2004, in press.

J. Berent, B. Forster, D. Van De Ville, D. Sage,Whser, Extended depth-of-focus for color images [n
light microscopy using the wavelet transfdtrRpster at the Autumn Meeting of the Swiss Socisty)|
Pharmacology and Toxicology, October 27-28, 2008dB Switzerland.
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10.2 Volume render
This is a 3D reconstruction method where the ohj@tappear semitransparent.

Select the z-series stack then run the menu commbmege/Stack/3D-Projett

Try these initial settings:
Volume render

1. Projection Method:Use ‘Brightest point method.

2. Axis of Rotation Select Yy-axis'. There's a bug which causes errors in x-axis
rotation. If you want an x-axis rotation, prior tmnning the 3D-project
command rotate the stack by 90hége/Rotate/Flip 90° right 3D-project, the
rotate the projection stack back 90fmége/Rotate/Flip 90° left Keep an eye
out in the ImageJ/News web page to see if thisibagrrected.

3. Slice Spacing:This determines you aspect ratio of the stack. Bimstacks are
internally calibrated and this value should be ecr~ unless you set the wrong
objective in the Biorad software during acquisition

4. |Interpolate when slice spacing >:Check this option, although it will slow
down the render so for a large data set it may dehwhile having this “off”
while you're sorting out the settings.

10.3 Surface Render

“Plugins/VolumeJ/Volum&JThis is a 3D reconstruction method where theeobj
surface will appear opaque, giving a more “solidfok to the object. See:
http://bij.isi.uu.nl/vj_manual.htrandhttp://bij.isi.uu.nl/vr.htmfor updates.

Surface render

<4— 6. Set Rotation angle
(try -20 first box to "tip”

the volume backwards

1. Select Volume stack that slightly).
is to be rendered.

. 7. Ensure Aspect ratio is
2. Select  Classifier  (i.e. correct — VolumeJ should
Eende_r algorlthm_). Choose pick up the spatial
Gradient no index” for calibration of the stack if
greyscale _stacks; chose it is present.
“‘Ramp + index” for RGB
stacks. 8. Set Scale as 0.5 for
aﬁ ol
the intensity of th(_e surface” 2 for final rendering.
of the object. This can be
determined using 9. Click on Render button

the
“Image/Adjust/Threshold” — to start rendering.
command. (10.) Click on Stop
4,.Set classifier deviation. re_nderer if you've made a
High values result in blobby mistake!

look, low values result in
sharp edges. A good
compromise is 1-2.

Please cite: M.D. Abramoff, and M.A. Viergever.
Computation and Visualization of Three Dimensional
Motion in the Orbit. IEEE Trans Med Imag., (4), 2002

27



10.4 Axial-sectioning

This generates a “side-view” of a stack along a deéined line. Select part of stack to be axialgtioned using
the line ROI tool from the toolbar. Select menumite

“Plugins/Stacks — Z&T projections/ReslicePlus

You will be prompted for the line width. Enter thdth of line you wish
to be averaged. An axial-section stack will be geteel, each slice
representing the axial section of a single-pixaderine along the line of
interest. The title of the new image contains the Ico-ordinates and the
slice width. The line can be restored using the umeitem
“Plugins/ROI/SpecifyLirfe

To average the pseudo-linescan “stack”, selesttje/Stack/Z projectidn
and select théveragecommand. A polyline can be used although this
will only allow a single pixel slice to be made.

You can also ‘reslice’ your stack using the nativianction
“Image/Stacks/Reslitbut this will not return the line coordinates.

10.5 Orthogonal views

This plugin comes from the field of medical
imaging and as such use a lot of terminology that
maybe unfamiliar to light-microscopists. The
plugin:

“Plugins/Stacks — Z&T projections/OrtVienill
allow users to display the xy, x,z and yz views of
a selected point in the image (click on desired
point). After selecting a point\dolume Viewcan

be generated with the Ortview plugin’s menu
command “Options/Volume VieWw This will
open arlmageJwindow with the volume image.

The stack can be smoothed with various
algorithms selected from thePfoces$ menu.
One of the algorithms is a 2x2x2 smooth. This
will take in to account adjacent slices and may be
the best way to gently smooth stacks. The
smoothed stack can be sent to an ImageJ window

for subsequent processing, analysis or export k@ @rtView menu commantFile/Exportimages/Export

Transaxial Stack

A fuller description of the plugins capabilitiesncde found in theOrtView help file (found in the folder:
C:\ImageJ\Plugins\Stacks — Z&T functions\OrtViewtdedt). The plugin is easy to use but limited to grey-scal
images (8- or 16-bit) due to its nuclear mediciadthge.
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10.6 Stereo Pairs and Anaglyphs

10.6.1 Volume rendered-anaglyphs
These plugins are under development and are at aarlye stage — please send feedback to

tonyc@uhnresearch.ca.
This is an adaptation of the methods describeltit//rsb.info.nih.gov/nih-image/more-docs/confiedatmi.

The menu commandPlugins/Stacks — Z&T projections/Stereo panlugin will create a side by side stereo pair
from your stack and also a red-green anaglyph.pligin will let you specify which of the stereo parojections
you want and also the angle of rotation betweemp#ies. Typical values would be 6-9°.

Stereo Pair

Red-Green Anaglyph Red-Cyan Anaglyph
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10.6.2  Surface rendered-anaglyphs
Surface stereo pairs are simply made with VolumstEseo
pair button. This generates a stereo pair with difference.

These two images can be merged to form an anagiipl
either the menu comman@tugin/Colour Functions/Colour
merge or “Image/Color/RGB merge

The “left eye” needs to be red; the “right eye” cya green.

Surface rendered anaglyph moviesan be constructed using
VolumeJ following an approach from Harvey Kartew doel
Sheffield.

1.

2 O

Surface render your z-series (see Section 10.a&urf
Render) with a “Cine frame increment” of 6-9°.

Duplicate the Surface rendered movie.
Delete the top slice from the original movie.
Delete the last slice from the duplicate movie.

Merge the stacks using the menu commadnthge/Color/RGB merge

Assign the duplicate stack as red and the origitzadk as green. For Red-Green anaglyphs set bhe to

none; for red-cyan anaglyphs set the blue chawonet tthe same as the green.
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11 T-FUNCTIONS

11.1 Correcting for bleaching

Often, during acquisition of a time-course, theofphore may bleach and the
intensity of the image be reduced. This can makwiter to discern events at the
end of the sequence. A stretch in contrast at fioiet 1 may not be adequate at time
point 100. The process of bleaching and decreasmage intensity can be fitted
with a mono-exponential decay, although it oftelfiofes a bi-exponential. A mono-
exponential decay is described by the equation:

Corrected intensity = (Intensity at time ~ t) + exp’kxl k = decay constant

If you know the decay constant (k), you can use"Brecess/Filters/Bleach Correctidnplugin. Run the plugin
and enter the decay constant. It may be worth peifg a background subtraction prior to running phagin.
Note that the plugin is expecting the k value tdgmr-slice” rather than per-second, per-minute etc

RAW time course Bleach corrected time course

—

The k value can be calculated in ImageJ by:

1. Make sure theEdit/Options/Plot profile optiorissetting “Do not save X-values” is off.

2. Select a region of the cell or the whole image plot the decay using the menu commalmaiaye/Stack/Plot
Z-axis profile”

3. Click theCopybutton of the plot window.

4. Open the curve fitting dialogAhalyze/Tools/Curve fitting”

5. Delete the default data and paste in your cogéed.

6. Select “Exponential” from the option list andcklthe “Fit” button.

7. In theLog window, scroll down to find the value labelled als™ this is yourk value.

Since bleaching is often not mono-exponential, tjfieztion of fluorescence intensities after bleadhrection is
not possible. This plugin should really only be dise enhance time-course movies for presentatitherahan
guantification.

Another way to compensate for bleaching is to ume rhenu item Process/Enhance
Contrast. This method is quicker to implement than thepaobleach correction above
and can be useful for correcting for fluorophoredghing during a moviié the intensity

of the fluorophore is changing only because of bi#dng. Check the “Process Entire
Stack” option and the plugin will scan through ttack applying Brightness and the
contrast adjustment selected on each slice basexhdnm slice’s histogram (see section
7.2). The intensity values are adjusted so thantifative intensity measurements are no
longer possible.

Again, use this function to enhance movies for @néstion, not quantification.
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11.2 F+FO

There are several drawbacks with the use of simgdgelength fluorescent probes; some include uneven
fluorescence intensity (F) due to cell thickness eell to cell variation in loading. These can &ryely corrected

for by normalising fluorescence against restingréscence i.e. FO. This does not correct for biegcand dye
loss during the experiment.

First ensure the image is properly background ctete(7.5 Background correction).

1. Generate an “FO” image by averaging the first feames of the stack. This can be done with the
“Image/Stacks/Z-project menu item, using theAveragé drop-down box option. Select “Start slice” as 1
and “Stop Slice” as 5-10 depending on how many ésayou wish to average. Rename the new z-projected
image (1mage/Renani¢ “Fzero”.

Open the “Image Calculator Plus” viRrocess/Image Calculatbr

Image 1 = Original stack

Image 2 = image “Fzero”

Operation = “Divide”

Select “32-bit Result” and “Create New Window”

Rename this result windowl(hage/Renani® FdivFO0.

The maximum and minimum intensity in the stack dan determined with the Ahalyze/Tools/Stack
Histograni plugin.

9. Using the Brightness and Contrast (See sectionddalgg set the maximum and minimum to these values
10. Convert the 32-bit stack to 8-bitifhage/Type/8-bit).

11. The Images in FdivFO will probably have a noisyKeaound between the cells and need to be cleaned up
Using your original stack, create a mask of thdscéthis is done by first thresholding the originstack
(“Image/Adjust/Thresholyl Hit the Auto button and then adjust the slideril cells are all highlighted red.
Then click ‘Apply’. Check the tick box: “black foreground, white kgoound”. You should now have a
white and black image with your cells black and Kggiound white. If you have white cells and black
background, invert the image witkdit/Invert’.

12. Using the Image calculatoPtocess/Image calculatorto subtract this black and white stack from your
FdivFO stack.
13. Pseudocolour to taste.

This process could relatively easily be automatedavplugin or macro. However, due to multiple edefined
steps (i.e. how many frames for the Z-projectitwe, thresholding of the original stack for the maskether it's
better to correct for bleaching before thresholdheystack) | have not done so.

© No o~ 0D

¥ ImageJ assumes stacks tozseries rather thamseries so many functions related to the third-disien of an
image stack are called-" something — e.g. “z-axis profile” is an “intensity time” plot.
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11.3 Delta-F

Raw Delta F (up)

Rapid frame-to-frame changes in intensity (e.gcioat “puffs” or TMRE “depolarisations”) can best be
illustrated by performing subtracting each franmfrthe previous/next.

“Plugins/ Stacks - Z&T projections/Delta F'up
For increases in intensity (e.g. a calcium “puffi§ calculation is [Framg,-Frame)].

“Plugins/ Stacks - Z&T projections/Delta F ddwn
For drops in intensity (e.g. TMRE plus irradiatiorduced mitochondrial depolarisations) the caldofatis
[Frame, - Frame. .

Note: The plugin generates a second result stack. Fge lamemory consuming stacks, run the plugin with th
Alt-key down. If the plugin is run with the Alt-kegown, the calculation is made on the originallstac

Plugin may also be useful to clean up time coups®es to motion tracking.
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11.4 Surface plotting

Surface plots can be generated in two ways: viambau commandAnalyze/Surface plotor via the plugin
“Plugins/VolumeJ/SurfaceJThese functions will surface-plot movies as wadlsingle frame images. Ensure the
features you're interested in are “Contrast sted&hoptimally. This can be done using a “Max inigns
projection” on the stack. Getting the max and nikepintensities and applying these to the stadmBmber, do
not perform intensity analysis on images that Haaek their contrast stretched.

11.4.1 “Analyze/Surface plot " settings
When this function is selected, a dialog will app&ay the settings below first and play
with them to optimise the surface plot. The LUTteé final surface plot is taken from the
LUT of the image.

11.4.2 SurfaceJ settings
You can surface plot either a single frame or aimdsurface rendering is a slow process
so it is best to pick a frame from the movie thabwes the features you're trying to
demonstrate. Duplicate this (Ctrl+D) and use iadgst image to get the best settings for surfémtting your
movie.

Select the image to be rendered with tBetrce image(sdrop down box.
The options with three text-entry boxes along sef@esent x, y and z values.
“Rotate(°)! value of -20 in the first{-axis) box gives a good 3D effect. Play with this.

“Scalé. Set to 0.5 speeds things along also when admishie settings and set to 2 or more for the fuaface
plotting.

“Aspect/:” Surface plot is can be stretched in “height” imgreasing the z-axis aspect (i.e. the third) box.
Although 1 is usually OK if you've stretched thentmst properly. This will not affect the
pseudocolour of the peaks which is determined byptRel intensity.

“Index LUT: by default the plot will have the fectruni LUT. Change this drop-down box td.6¢ad custorh
and you'll be prompted to locate a desired LUT wien start the surface-plot

“Gaussian Smoothifigzalue of 2-4. This slows rendering down but gigesoother surface plot.

“Rendering surface platstarts surface plotting.
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12 ANNOTATING IMAGES

12.1 Scale bar
Scale bars should be present on all publicatiosgmation images/movies. It's worth putting themsooner
rather than later. Choose a standard scale bafasizdl your images if possible to avoid confusion

12.1.1 Spatial calibration
The spatial calibration of an image can be foundniageJ via the menu itenimiage/Properties It can be
manually (re)applied here also. The units ‘um” ameomatically changed to “um”.

Biorad PIC, Noran MOV and Zeiss LSM confocal imdiges (Leica and Olympug?are internally calibrated —
based on the zoom and objective magnificationrggttiSome experimental file formats are not caidutge.g.
Perkin Elmer) and some “exported” image files (eZgiss zvi's exported as TIFFs) lose their calilorat
information. This is sloppy programming on parttleé microscope manufacturers and it should be ¢htqaly
drawn to their attention.

If the files have no calibration, you need acquinages of a stage micrometsith the same settinggamera
binning, objective, confocal zoom and frame size)ets your experiment. The calibration can be applsdg
the “Plugins/Spatial calibration/Set scdleommand (see below). The spatial calibration barfound (and set)
in the ‘Image/Propertiesdialog. Also look at the Microscope scaleplugin which can be customised to apply
spatial calibrations from a drop-down box of ohijees (http://rsb.info.nih.gov/ij/plugins/microscogeale.html).

Many image processing functions can cause the spalticalibration to be lost let me or Wayne Rasband
know if you find one and we’ll try to fix it. If th final image has lost its calibration open origjiiile and access
the spatial calibration via:lthage/Properties Copy these values to thdmiage/Propertie’s of your final,
processed image. Replacing the word “micron” witm" will automatically convert to “um?”.

The spatial calibration can be reapplied in thresysy manually via thelfhage/Propertie’s dialog; via the
“Plugins/Spatial calibration/Copy Pixel Sizplugin; or via the Plugins/Spatial calibration/Set scdleommand

12.1.1.1 “Copy-calibration”

=

Re-open the original image with the calibration

2. Run the Plugins/Spatial Calibration/Copy
Pixel Sizé plugin.

3. In the ‘from” drop-down box select the
original image; in the tb” box, select your
processed image.

4. Click the OK button.

5. Another dialog will open giving you the

opportunity to enter a value by which the

receiving image has been scaled.

12.1.1.2 “Set Scale”
If you know the size of a feature (previously apglscale bar for instance) you
can use this command to apply a calibration.
1. Using the line selection tool, draw a ling along tength of the
feature/scale bar.
2. Run the menu commanélugins/Spatial calibration/Set scafe
3. Enter the dimensions of the object/scale bar il kinewn distance’box
and set the units in thénit of lengthbox.
4. Do not checkGlobal unless you wish all your images to have this
calibration! Click OK.

12.1.2 Adding scale-bar

! This simple plugin simply points to the native mesammand Analyze/Set scale..dnd is
included here to keep the spatial calibration fioms in one place



Use the line ROI tool to draw a line of approxiniatéhe desired length and
position.

Run Scale bar dialog vigPtugins/Spatial calibration/Add Scale Bar Change the
“Width in ***” value to something sensible i.e. 5, 10, 50 etckSth something
consistent. Height' will determine how many pixels fat your bar wilke. If you've
used the “Green” LUT then the “white” (i.e. grewéd 255) scale-bar will appear
green. Convert the image from 8-bit colour to RGBhwImage/Type/RGB colbdr
before adding the scale bar to get a white scaleba pseudocoloured image (see
section 6.9.1). Check thé.dbel all slice box to add bar to the whole stack.

12.2 Text and lines
12.2.1 Issues with adding text

Adding text to single frame images should be don€arelDRAW or some such application so the texdsdaot
become part of the image and can therefore bedéditved/removed at any time. Adding text to an iedagvie
is irreversible so should not be done on RAW datages can be copied to and pasted from the sydipboard
between programs using theltigins/Utilities/Copy-Paste to clipbodrganel (hot key: Shift+V) — only available
using JRE 1.4 and above. Whole images are cop@dsatections. To copy a selection, crop the oalgimage
before copying, or duplicate the selection..

If you find the image is not pasting accurately,using the receiving application’&tlit/Paste Speciaffunction
and selectDevice independent bitmap

Firstly, save your images before adding text. M#nirggs can go wrong here and often cannot be dedeso it's
best to have a saved version ready to reopen.

Text colour is set via the colour picker buttontbe tool bar. Double-click on it to pull up the g and select a
colour — usually black or white.

Pseudocoloured images should be converted to R@B {ar adding

time stamps. The text in the counter is “anti-ads This means that

instead of being completely white in colour, some|s on the curved

edges of letters are averaged with neighbouringlpito be grey, giving a smoother appearance ttettiee.g.

The text looks better, however, it means that sofrthe text's pixels are not grey-scale value 268 so some
LUTs will have them displayed as yellow/orange/greleereby loosing the nice smoothing
effect of the antialiasing e.g. with the Hot Gré&dne LUT the counter on frame 1 looks like:

If you use the red or blue LUT then the text wplpaar red or blue even though you selected
the text to be “white” via the colour picker.

To avoid this, convert the pseudocoloured imagmfits current format (i.e8-bit color) to
an RGB image withImage/Type/RGB colbhbefore adding the text. e.g. in the example
above:

12.2.2 Adding Text/Line/Box
12.2.2.1 Adding to a single image
Adding a text line or box to a single frame shobé&ldone in a package such as CorelDRAW, Adobetridites,
Deneba Canvas etc. (see 6.7.1). However, thergnage when lines and boxes are required, e.g.feverce an
analysed/sectioned region.

2 This plugin simply points to the native menu commh&Analyze/Tools/Scale bar...It is included here just to
keep the spatial calibration functions in one place
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Drawing of lines/boxes is achieved by fisgtlectingthe desired line/box in the image with the linefRegle ROI
tool from the toolbar or defining the line/box viRlugins/Specify ROI.. or “Plugins/Specify Line’..The
line/box can be resized here to the desired siaptshith the small square handles on the ROI. ifle¢blox can
then be stamped in to the image by right clickinghle image and selectin®faw”. This will add the box/line to
a single frame, the colour determined by the byctiler picker toolbar button and the width in pixelefined in
“Edit/Options/Line width

Adding text is done by the toolbar’s text buttoticiCthe toolbar; click the image; write the desitext. The font
size is set by double clicking the toolbar-texttbnf the colour determined by the by the color gictoolbar
button. Antialiasing can be turned on/off via thema item Edit/Options/Miscellaneotgqalthough this option
does not affect the “Stamper plugins which haveakeing on permanently). The text is stampedithe image
by right clicking and selecting>raw”.

12.2.2.2 Adding to movie-stack

Drawing/writing on a stack only adds the drawn obj® the current slice*. If you want the text/bine to be
added to an entire “movie stack” you need to createw single frame image add the text/box/lin¢hte and
thenaddthis single frame to the “movie stack”. This isbdone by:

Duplicate a frame from the “movie stack’ifffage/Duplicat& and disable Duplicate entire stackoption).
Rename (fmage/Renantig “text/box/line image”

Select the whole imageEdit/Selection/Select dlbr Shift-A)

Edit/Clear

Go to the “movie stack” ansklectthe desired text/box/line (sée7.2.1above).

Go to the “text/box/line image”

Restore the selection bdit/Selection/Restote- or Shift-E.

Draw the selection (right click the selection and sel2etw)

Use the Image Calculatorlhage/Calculatof) to add the “text/box/line image” to the “movimage”.

*This may become redundant as ImageJ develops. Kéaegk out in the ImageJ/News web page.

© o NG k~ODdNPRE

12.2.3 Adding timestamps
1. Draw a rectangular ROI at the location and of thpraximate size of the desired counter. The tekt by
default be of the same height as the ROI and aigoets left edge. Ensure it is not too closeh® ¢dge of
the image. This will result in a bar underneathdbenter e.g.

2. Run the Plugins/Movies/Time Stamger

3. Enter appropriate settings. The X and Y locatiod fomt size are taken from the ROI and can be abdiag
this point.

Remember, the bigger the text, the smoother it ladk and the easier the timestamp will be to rd&dger is

better. It may be worth changing it to a consistetie for all your movies.

Also, bear in mind that the interval needn’t beri#'. The Time Stamper plugin also can be used do“a@xis
depths” to z-stacks and “angle of rotation” to timig volume movies ( ° = Alt+247; p = Alt+230).

12.2.4 Adding event marker to movie
The “Plugins/Movies/Event Stamgeplugin can be used to add text to a movie for dgdesed number of
frames, e.g. “Agonist ON”. This is simply done lwning theEvent Stampeplugin setting the desired text in the
“Text” box, enter start frame and end frame andkcDK. The text size and location is taken from toerent
ROI and can be changed once the dialog is opened.
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13 APPENDIX 1: PLUGIN AUTHORS

Animated GIF
Kevin Weiner, FM Software, W. Rasband., 5

Animated Gif...
Ryan Raz (http://rraz.ca)

AVI...
Daniel Marsh (marshd@ninds.nih.gov), 5

Calculator plus
Wayne Rasdband, 19

Cell Counter
Kurt De Vos (kd269@columbia.edu), 12

Colocalization
Pierre Bourdoncle (bourdoncle@ijm.jussieu.fr),
Institut Jacques Monod, Service Imagerie, Paris, 14

Colocalization finder

Christophe Laummonerie, Jerome Mutterer, Institut
de Biologie Moleculaire des Plantes, Strasbourg,
France., 14

Concatenator
Wayne Rasband, 24

Copy Pixel Size
J. Anthony Parker, MD PhD
(J.A.Parker@IEEE.org), 35

Copy-Paste to clipboard
Amrit Aneja and Wayne Rasband, 36

Cyan Magenta Merge
Tony Collins, Wayne Rasband, 22

Deinterleave
Russell Kincaid (rekincai@syr.edu), Tony Collins, 4

Delnterleave
Tony Collins, Russel Kincaid, 24

Delta F down
Tony Collins, 33

Delta F up
Tony Collins, 33

Disk based stack
Wayne Rasband, 5

Dynamic ZProfile
Kevin (Gali) Baler (gliblr at yahoo.com) and Wayne
Rasband, 7

ExtendedFocus
Jesse Berent, Brigitte Forster, Dimitri Van De ¥l
Daniel Sage & Michael Unser, 26

Grouped ZProjector
Charlie Holly, caholly at colby.edu, 26

Handle Extra File Types
Gregory Jefferis (jefferis at Stanford.edu), 4

Image Correlator plus
Wayne Rasband, Tony Colljris3

Interleave
J. Anthony Parker, MD PhD
(J.A.Parker@IEEE.org), 24

IPLab reader
Wayne Rasband (wsr at nih.gov), 5

Jimi Reader...
Wayne Rasband and UIf Dittmer (udittmer at
mac.com), 4

Jimi Writer...
Jeffrey Kuhn (jkuhn@ccwf.cc.utexas.edu) The
University of Texas at Austin, 6

Kalman filter
Christopher Philip Mauer
(cpmauer@northwestern.edu), 17

Leica SP
Nico Stuurman (Stuurman@rulbim.leidenuniv.nl)
and Wayne Rasband, 5

List LUTs

G. Landini.
http://www.dentistry.bham.ac.uk/landinig/software/s
oftware.html

LUT panel

Patrick Pirrotte & Jerome Mutterer (jerome.mutterer
at ibmp-ulp.u-strasbg.fr, http://mww-ibmp.u-
strasbg.fr/sg/microscopie/methods/lut/lut.htm )

Microscope scale
Paul Baggethun (Paul.Baggethun@ALCOA.COM),
35

MTrack2
Nico Stuurman (nicos@itsa.ucsf.edu), 11

Multi Measure
Wayne Rasband, Bob Dougherty, 8

Noran movie...
Greg Joss (gjoss@bio.mg.edu.au), 4

Noran Selection...
Greg Joss (gjoss@bio.mg.edu.au), 4

Noran timestamp (msec)
Greg Joss <gjoss@bio.mqg.edu.au>, 9

OpenLUT, 23

OrtView
Paulo Bonetto (bonetto@disi.unige.it), 28

PointPicker
Philippe Thévenaz (philippe.thevenaz@epfl.ch), 12
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Process/Filters/Bleach Correction
Tony Collins, Wayne Rasband, 31

Process/Filters/Pseudo-flat field
Tony Collins, 19

QuickTime Export
Wayne Rasband, 6

QuickTime...

Wayne Rasband (wsr at nih.gov), Robert Dougherty
(www.optinav.com) Jeff Hardin (jdhardin at
facstaff.wisc.edu), 5

Wayne Rasband (wsr at nih.gov), Robert Dougherty
(www.optinav.com), Jeff Hardin (jdhardin at
facstaff.wisc.edu), 6

Red Green Correlator
Wayne Rasband, Tony Collins, 13

Red-Green Correlator
Wayne Rasband, Tony Collins, 14

ReslicePlus
Tony Collins, Wayne Rasband, 28

RGB Grey Merge
Eugene Tkachenko (etkachen@Dartmouth.EDU) &
Justin D. Pearlman, 21

Selected files for stack...
Albert Cardona
albert@pensament. REMOVE-MEnet, 5

Selected files to open...
Wayne Rasband, 5

Slice remover
Wayne Rasband, 24

Specify Line...
Wayne Rasband, 36

Specify ROI...

Jeffrey Kuhn (jkuhn@ccwf.cc.utexas.edu), The
University of Texas at Austin, Anthony Padua
(padua001@mc.duke.edu), Duke University
Medical Center, Department of Radiology, 36

SpecifyLine
Wayne Rasband, 28

SpecifyROl...

Jeffrey Kuhn (jkuhn@ccwf.cc.utexas.edu), The
University of Texas at Austin, Anthony Padua
(padua001@mc.duke.edu), Duke University
Medical Center, Department of Radiology, 8

Stack Builder
Nicolas Roggli, Wayne Rasband, 24

Stack Combiner
Wayne Rasband, 24

Stack Focuser
Michael Umorin (Mikhael_Umorin@baylor.edu),
26

Stack Histogram
Wayne Rasband, 32

Stack Inserter
Wayne Rasband, 24

Stack Maker, 24

Stack reverser
Wayne Rasband, 24

Stack Sorter
Bob Dougherty (rpd@optinav.com), 24

Stereo pair
Tony Collins, 29

Substack maker

Anthony Padua (padua001 at mc.duke.edu) Daniel
Barboriak, MD (barbo013 at mc.duke.edu)
Neuroradiology Duke University Medical Center,
24

SurfaceJ
Michael Abramoff, http://bij.isi.uu.nl/

Threshold Colour

G. Landini.
http://www.dentistry.bham.ac.uk/landinig/software/s
oftware.html

Time Stamper
Wayne Rasband, Tony Collins, 37

TransformJ
Erik Meijering, 25

VolumeJ
M. Abramoff, http://bij.isi.uu.nl/

Zeiss LSM Import panel...

Patrick Pirrotte, Yannick Krempp, and Jerome
Mutterer (jerome.mutterer@ibmp-ulp.u-strasbg.fr),
4
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14 APPENDIX II: CITING IMAGEJ AND PLUGINS

14.1 Imaged
Rasband, W.S., ImageJ, National Institutes of He&ethesda, Maryland, USAttp://rsb.info.nih.gov/ij/ 1997-
2004.

14.2 Volumed
Abramoff, M. D. and Viergever, M. A. (2002). Comptibn and visualization of three-dimensional s&fsue
motion in the orbitlEEE Trans.Med.Imagingl, 296-304[PUBMED].

14.3 TransformJ
Meijering, E. H., Niessen, W. J., and Viergever, M. (2001). Quantitative evaluation of convolutibased
methods for medical image interpolatidfed.Image Anals, 111-126 [PUBMED].

14.4 Extended Focus

Extended Depth-of-Focus for Multi-Channel Microsgdmages: A Complex Wavelet Approach B. Forster, D.
Van De Ville, J. Berent, D. Sage, M. Unser Procegsliof the Second 2004 IEEE International Sympogiam
Biomedical Imaging: From Nano to Macro (ISBI'04)liAgton VA, USA, in press.
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15 APPENDIX llI:] PLUGINS MENU AND SUB-MENUS
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16 APPENDIX IV: CUT OUT KEYBOARD TOOLBAR
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