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1. Abbreviations
ROI: Region of interest
LUT: Look-up table
Stack: Data structure with a set of related images of the same size and bit depth.
Slices: The images that make up a stack.

Hyperstack: Multidimensional data structure, extending image stacks to four (4D) or five (5D)
dimensions: x (width), y (height), z (slices), ¢ (channels or wavelengths) and t (time frames).

Voxel: In stacks, a pixel (which represents the smallest 2D image data) becomes a voxel (volumetric
pixel), i.e. an intensity value on a regular grid in a three dimensional space.

2. Remarks

This script was written for practical training purposes by the Center for Microscopy and Image Analysis,
University of Zurich. Theory is kept to a minimum.

Images - Center for Microscopy, ZMB; Sample courtesy - Prof. Bruno Weber, Inst. Of Pharmacology,
UZH and Prof. Andrew Hall, Inst. Of Anatomy, UZH

The script should be used as a guideline for training.

Highlighting styles used in this script:

Step 1.
Practical steps are set in italic.

Macro code: run ("Enhance Contrast", "saturated=0.35");



3. Software: FiJi

This script gives a basic introduction to scientific image processing. All exercises can be done using
Imagel or Fiji which is just a version of Imagel) supplemented with many useful plugins. It can be
downloaded for free from

https://fiji.sc

Downloadable distributions are available for Windows, Mac OS X and Linux. It
can read many image and microscope formats including TIFF, GIF, JPEG, BMP,
DICOM, FITS, IMS, LIF, CZI, ‘raw’.

Install your own copy of FiJi and selected plugins in your home folder if you

are using the virtual machines available to the users of the Center of
Microscopy and Image Analysis. Otherwise save it locally in your computer.

4. Plugins and Updating

When installing FiJi from the Downloads page, the latest stable version is available. However Fili and
its various plugins are frequently updated so you should check if you have the latest updates through

Step 1.
Help>Update

Here you can also manage the update sites and install additional useful plugins which are not installed
by default.

5. Opening Standard File types

File  Edit—Image Process Analyze Plugins Window Help Cookbook

 EECEEENN AR E

| hyena.tif | <<Drag

Files can be opened in two ways, Drag&Drop the file in the task bar OR through

Step 2. File>Open
For some file formats, you may want to explicitly invoke the Bio-Formats Importer to override the
default behavior of Fiji. Bio-Formats is largely integrated with the File/Open command of Fiji but might
be useful for certain formats and also gives you some advanced options.

Step 3. File>Import>Bio-Formats

You can find an updated list of the supported file formats here:

https://www.openmicroscopy.org/bio-formats/



https://fiji.sc/
https://www.openmicroscopy.org/bio-formats/

6. The command Finder

Imagel) has many features and sometimes it can be hard to find and keep track of all of them. In Fiji
version 1.51 and higher, you can type your search term in to the white box at the end of the taskbar
and a new window will pop up with your search results

(Fiji Is Just) Imagel — O >
File Edit Image Process Analyze Plugins Window Help Cookbook
mifellal[S]Pdp

111“\|A‘o\|{“p‘m‘ De-.;"stkv||_||T'lﬁ?|ﬁ"|ﬁ\| |j-,j-,

= 1= |

(Fiji Is Just) Imaged 2.0.0-rc-69/1.52i; Java 1.8.0_66 [64-bit];

7. Digital Image — representation

é Appearance [ XS |

[ Interpolate zoomed images
[~ Open images at 100%
[” Black canvas
[ Noimage border
[~ Use inverting lookup table
¥ Antialiased tool icons

Menufontsize: 12 points

Please check if Fiji is configured as follows:
Step 4. Edit>Options>Appearance:
Please uncheck the 'Interpolate zoomed images'

This allows you to see the individual pixels on the screen when zooming images.



8. Metadata & Image Info

Step 5. Open the file “Hyena.tif” contained in the folder provided for this training session.
Step 6. Magnify the image until pixels are seen (1%, press AIH& to demagnify).
Step 7. Individual pixel values can be visualized by placing the cursor over pixels.

[ hyena.if (33.3%) 3 0 % Once you open an image or stack of images,
notice the information at the top of the image

window.

1. The top line contains the name of the
image.
2. “900x631 pixels” is the image size. The

units depend on how the image is calibrated. In
this case, the units are pixels indicating the
image is NOT calibrated.

3. The memory your image takes up on
the hard drive.

Step 8. Open the files “Hyena02.tif” and
“Hyena03.tif”.

[ hyena.tif (50%)
G00xB31 pixels; B-bit 555K if (200%] [ hyena03.tif (800%)
= T — x 50x35 pixels; B-bit, 2K
- = - - - =

What is the size of each image? How many pixels are necessary for resolving the animal?

In scientific imaging the pixel size will depend on the microscope you are using and the magnification
factor (camera, objective plus any zoom applied during imaging). This information (metadata) can be
embedded in the image file or is sometimes found in a text or log file that is generated by the
microscope software along with the image and is accessible by Fiji.

Step 9. Open the file “Cells_DIC.tif”.

| [5¢ Cells_DIC.tif (50%) E=Er=]
356,29x266.19 um (1392x1040); 16-bit; 2.8M8 Note that in this case the image is

calibrated and the units shown
are in pm.

Size, area, distance, etc. measurements made on a calibrated image will be given in units matching the
unit of length you entered. Uncalibrated images give measurements in pixels.



Some of the information contained in the image metadata can be accessed through

Step 10.
Image>Properties or
Image>Show Info

[9° (Fiji Is Just) Image/ — O
File Edit

Process Analyze Plugins Window Help Cookbook
Type 8 g Devv| Stkv| |.u1| V] | yap:

Click here to search

3

Show Info... Ctrl+l

Properties... Ctrl+Shift+P

3

[{ Info for Cells_DIC-1.tif - 0 b4
File Edit Font

Dz =1

Elementhame = Image001

ExperimentPath = DProgram FilesiLeica Microsystems CMS Gmb
File “ersion = 2

FileMame = T:wrs\Experiment lif

Marne = Image00

Moc =1

MumberOfChannels = 1

Murmericalaperture = 0.6

i
5

[ Cells_DIC.tif *

Channels (c): I
Slices (z): |1
Frames (t): |1

Mote: c*z*t must equal 1

Unit of length:  |um
Pixel width: |0.2559524

Pixel height: |0.2559524
Voxel depth: |1.0000000

Frame interval: I[Jsec
Qrigin (pixels): I[J,U

[~ Global

OK | Cancell

DarardinmMata — 2011 NQ 14 10-57-47 708 hd
<T »

Based on this information you can also include a scale bar in your image through the menu

Step 11.
Analyze> Tools > Scale Bar

i Cel f 3
356.20x266.19 um (1392x1040); 16-hit, 2.8MB

|17 Scale Bar X

wigthinpm: [0
Height in pixels: I‘IU

IQB—
Background: [rone  ~]
Location: W

Font size:
Color

[¥ Bold Text [ Hide Text
[~ serifFont [~ {Dveriay:

OK Cancel |

Unclick Overlay if you want these change to be permanent and embed the scale bar into the image.




9. Duplicate
You can create a copy of your image by

Step 12.
Image>Duplicate

[ Cells_DIC tif (50%)
356.29¢266.19 um (1392x1040); 16-hit; 2.818

I Celis D14 | = ][ 2= |

48.12x81.39 um (168x318); 16-hit; |

File>Revert

Ctrl+Shift+ D

This is a standard procedure, especially if
you wish to compare your processed image
to the original. The Undo option is not
applicable to some of the processing
options and this ensures that you can easily
revert your steps without opening the
source file again.

It can also be used to create a new image
from a selection.

If you wish to revert to your originally saved
image you can also use the command

Ctrl+ R

10. Brightness and Contrast - Dynamic Range

Step 13.

Select Image>Adjust>Brightness/Contrast

7 Histogram of Cells_DIC

300x240 pixels; RGB; 261K

Ctrl+ Shift+C

You can adjust the slider 'minimum,
maximum, brightness, contrast'.

“Minimum” or maximum set either the

Minimum

Y el el

Maximum

Y ol ey

Brightness

e

1666
Count: 1447680
Mean: 2297 445
StdDev: 78.164
Bins: 256

Min: 1666

Max: 3024

Mode: 2255 (52219)
Bin Width: 5.305

3024

bottom or the top of the display range.

“Brightness” adjusts both the top and
bottom brightness values displayed
without changing the size of the range
displayed while the “Contrast”
increases or decreases the size of the

Contrast

Auto Reset

Apply

st copy | Loo| [ure]

displayed range.

“Auto” button chooses the best
display range, by saturating 0.35% of
the pixels in your image.

The “Reset” button resets the image to its original (full) display range.

You can also use “Set” to type in values for the top and bottom of the display range.

Make sure you avoid saturated pixels and cl

ipping.



None of these changes affect pixel intensity values UNLESS you press the “Apply” button. This will
compress the intensity distribution of your image. Usually there is no need to use this option and it
should not be used when you want to quantify or compare images.

Step 14. S
elect Analyze>Histogram

Activate the Live button and change your brightness and contrast settings. When you hit “Apply” this
changes will alter the histogram of your image.

Step 15. S
elect Process>Math>Gamma and adjust the image with different gamma values.

11.Pseudocoloring Images

Look up tables (LUTs) are fundamental in highlighting the desired features of an image. The human eye
can only perceive relatively few different shades in one scene. Therefore pseudo-colouring images can
make the data more insightful.

Step 16. S
elect Image>Lookup tables and use different LUTs. Any image can be used (e.g.
for a time series.)

€1/2- 9 81.26%91 26 microns (512¢512); 16-bit; 512K

102 91.26x8 .26 microns (512x512): 16-bit (nverting LUT); 512K
= [ =% : Z 2% | ;7 4

; A /fﬁ i
. 7 = -
. - e
gt ¥

2 ’,
Lo

e

If you wish to export the image so the color information is available in other programs, choose

Step 17.
Image >Type> RGB Color.

You may also include a scale bar, which can be added to the RGB image, as illustrated in 9. If you want
to visually relate your LUT to the image intensity values, you can also include a calibration bar

Step 18.
Analyze>Tools>Calibration Bar

10



12.Stacks

Step 19.
Open the files and

B (Fji s Jus) mage) E——

File Edit [T Process Analyze Flugins Window Help Cookbook

[Eolc mwe R IIRE
c o searct

gie tool

Adust 0
Show Info. cti+
U0 Properties... Clrl+Shift+P

Colar [ Split Channels

Stacks | Meroe Channels...
Hyperstacks *| Armange Ghannels...
Crop Cri+ShiftsX Channels Tool Ctri+Shift+Z
Duplicate. Cri+Shift+D | Stack to RGB C1(red): |Mitochondria_DIC_ch1tif «
Rename Make Composite

C2 (green): -
Scale cE | Show LUT (g ). [Mitechondria_DIC_ch2 fif
Transform »| Display LUTs C3(blue); ["None -
Zoom »| EdtLUT
Overlay »| Color Picker Cirks Shift+K C4(gray): |*None* -
Lookup Tables *| Colour Deconvolution €5 (cyan) l—_[’NQ”e’ -
P )| Dichromacy :
D Simulate Color Blindness C6 (magenta): |*None® -

rawing 4
Retinex
Video Editing | -4 * >
| Replace Red with Magenta C7 (yellow): |*None :[
L= " Replace Red with Magenta (system cipboard)
Eoi Average Color
Comole RGB10 CIELAB
Threshold '\ RG810 Luminance
Set Cokr By Wavelength ™ lgnore source LUTs
OK Cancel

Often we acquire images with multiple spectral channels (multi colors). These images might be
saved individually as grayscale files but you can easily merge them into stacks and visualize them
as multi-color images.

Step 20.
Image>Color>Merge Channels

These files need to have the same physical size, the same number of slices per stack and have the
same image type (in this example 1128x1128 pixels, 1 time point and 16-bits). You can also use
this command if you have additional dimensions such as time series or z stacks.

“Create Composite” creates a stack while maintaining the image type. If you unclick this option an RGB
file will be created instead. “Ignore source LUTs” can be used if you want to apply a different color in
the merge than the original LUTs. Alternatively you can also explore

Step 21.
Image>Color>Channel Tool

11



13. Hyperstacks

Additionally you might encounter multidimensional files such as time series or z stacks with different
channels. These can be saved in various ways and can sometimes be challenging to visualize in a single
stack. By creating a Hyperstack you will be able to better handle and visualize such data.

Step 22.
Open the file

Mouse_brain_stack_1.tif — O b4 Convert to HyperStack X
23102 (c:12 1373 - TileScan 4 Merged 2); 341.41x598.13 microns (51 2x147); 16-hit; 158MB

Order: [yleiGEIETTY ~
Channels (c).
Slices (z): |51

Frames (t):

jTTT

Display Mode: |Calar

> ﬂ J ﬂ ﬂ Cancel

This file contains a 2 color set with multiple planes, but is displayed as a single stack with 102 slices. To
create a Hyperstack go to

Step 23.
Image> Hyperstacks>Stack to Hyperstacks

You can determine the order of your stack by running through it and looking at what changes first. For
example: if your images flip between colors, then the z-plane changes, you have a stack with the
default xyczt dimensions. Fill in the number of channels, slices and frames accordingly.

Check that the numbers for channels, slices and frames fit your dataset. If your numbers are not correct
Image) will not render and will give you an error message.

14.Reduce dimensionality

Conversely you might only need to work on a subset of your hyperstack. You can do this through

Reduce X Step 24.

Image> Hyperstacks>Reduce Dimensionality
Create image with:

Or

v Slices (91)

1%51x1 (TMB) Image> Stacks>Tools>Make Substack

Iv¥ Keep source

oK Cancel
This approach can be also very useful when you want to easily extract a specific
channel or time point from a 4D or 5D dataset and resave it with a new filename.

Create a stack containing only the second channel for the following section.

12



15. Projections and 3D

MAX_Mouse_brain_stack_ch2.tif — O e
341.41%598.13 microns (512x147); 16-bit; 147K

Z projections compress multiple slices/planes (3D volume) into one plane (2D image) to “flatten”
a stack and therefore allowing better representation on a 2D medium such as a screen or paper.
One of the most commonly used is the maximum intensity projection, which finds the brightest
pixel in the stack for each XY position and projects those into a single XY plane. You can achieve
this and explore the multiple projection options in

Step 25.
Image>Stacks>Z Project

Step 26.
Try to make a 3D projection along different viewing axes to simulate a rotation of the image
for presentation purposes: Image>Stack>3D Project (-30 to +30° works normally ok). Select
different settings.

16.Particle counting and measuring

Image segmentation and quantification is the

File Edt Image Process Analyze Plugins Window Help Cookbook i
= e e ] most |mpo.rtant and aIs.o the most ofte.n
ot o 204100 performed image processing task. Automatic

- counting and quantification plays a crucial role
= 2 - . . . . . .
osoasose | |_Deee in many applications including high content

09662772

et 9 @ >0 imaging and screening.
L ] .

09033523

04283617

Manually selecting a region of interest (ROI)
and measuring variables such as size, shape and
intensity is one possible way.

In ImagelJ you can manually define ROIls using
the different tools from the main software
interface  such as: “Rectangle”, “Oval”,

“Polygon selection”, etc..

To handle multiple selections in parallel you can add them to the ROl Manager through

13



Step 27.
Edit>Selection>Add to Manager

= You can then extract the information contained in each individual ROl using the
s option Multi-Measure in the ROl Manager.

To measure a single selected ROl use

...
Fill
Diaw

= o Step 28.

OR (Combine)

- Analyze>Measure

Aqd Parides

Hulti Plot

Automatic segmentation of images has the advantage of allowing for quantification
. a larger numbers of objects while reducing bias. Here we count bacteria on an
oo electron micrograph using intensity thresholding and an eroding/dilating algorithm
on the binary image.

Options.

380052568 pixels. B-bit 9.3M8

3B00x2568 pixels, 8-hit, 9.3MB
v W O W
p & & () .

- W

Analyze Particles

Size (pixel*2):  [0-Infinity
Circularity: [0.00-1.00

Show: |Nothing i

[V Display results [™ Exclude on edges
¥ Clear results [” Include holes
I Record starts

I In situ Show

Defaull | [Rea

¥ Dark backgrouna ™ Stack histogeam

I~ Donresel range

o | ppry | Reset| set|

Step 29.

1. . Open the image .

2. Duplicated the image using Image>Duplicate

3. Select Image>Adjust>Threshold to select the object (move the slide bars so that the objects are
be in red).

4. Apply the selection.

5. Using Process>Binary>Fill Holes, none selected areas inside an object are filled.

6. Using Process>Binary>Open (or Erode/Dilate) touching structures can be separated until an
acceptable selection of the objects is achieved.

7. Using Analyze>Analyze Particles all objects are measured (e.g. area, size,...) automatically.

If you want to select what aspects of your segmentation should be measured and exported, you can
define this under

Step 30.
Analyze>Set Measurements

This menu also allows you to “redirect” your measurement and therefore as an example to measure
the intensity values in your source and not in the binary segmented file.

14



17.Saving and Image file formats

Step 31.

1. Open the image “baboon.tif”

2. Save the image as a jpg file through File> Save as.

3. Open the saved jpg file and compare the original tif file with the jpg copy (zoom to see the
pixels in both images)!

The JPEG image format uses a lossy compression that leads to image artifacts that are not compatible
with gquantitative analysis. As such, it should only be used for presentation purposes (where file size
can be an issue). Even then a lossless format such as PNG is probably more suitable.

To visualize the loss of information in such a compression you can subtract both images through

Step 32.
Process>Image Calculator

Adjust Brightness and Contrast accordingly.

TIFF is usually the format of choice that supports all Imagel data types (8-bit, 16-bit, 32-bit float and
RGB) and allowing for spatial and density calibration.

18. Literature and further information
e The Imagel online documentation
o can be accessed via Help>Documentation...
e The Imagel Information and Documentation Portal (ImageJ wiki):

o http://imagejdocu.tudor.lu/

e Several online documents, most of them listed at:

o http://rsb.info.nih.gov/ij/links.html

e Forum for multiple image processing softwares

o https://forum.image.sc/
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