Measuring Particle Characteristics Using Thresholding - ImageJ / Fiji

The first step is to ensure the original images are as sharp and clear as possible. It’s often assumed
images from a microscope can be ‘cleaned up’ later. Often they can’t be, so try and get it right from
the beginning if possible.

Image Format
Unless there’s a need for the colour information in the image, it’s often easier to convert it to
greyscale when thresholding images, ie. selecting pixels with values which fall within a defined
range. To change to 8 bit greyscale go to Image / Type / 8 bit. This produces a grey image with 256
shades of grey.

Set Measurements

800 Set Measurements Decide what you want to measure by opening the ‘Set
I Area Lo Measurements’ window under Analyse / Set
Standard deviation Modal gray value
Min & max gray value Centroid Measurements.
Center of mass ™ Perimeter
Bounding rectangle Fit ellipse . . . .
Shape descriptors Feret's diameter Tick all the options you want to measure, but in this case
I el LY LB also tick ‘Limit to Threshold’ and always tick ‘Display
Skewness Kurtosis , . . .
Area fraction Stack position Label’. The former means only pixels included in the
& Limit to threshold & Display label threshold range will be measurejd, the latter mea:ns th’e
Invert Y coordinates Scientific notation columns of data pI'OdllCGd with be headed ‘Area ,

Add to overlay “Perimeter’, etc. Don’t think you will remember what a

number of anonymous columns are a week later - you
Decimal places (0-9): |6 won’t!

>

Redirect to: | None

Help Cancel OK

Click ‘Ok’ and proceed.

Set Scale

e rop Exported Study-0012.tif
433x411 pixels; 8-b) (inverting LUT); 174K

If you want to measure ‘real’ dimensions, rather than just
pixels, you will need to calibrate the image, ie. tell the
software ‘how many pixels equal a pm, mm, and so on’.

An uncalibrated image will only show the pixel
dimensions of the image, a calibrated image will also
show the dimensions in the appropriate units.

To calibrate an image from a scale bar, or other feature of

known length in the image, the line tool is selected from
the main control panel and a line drawn along the
calibration bar or feature. To force the line to draw horizontally or vertically hold down the shift bar
while dragging the line tool.
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Crop Exported Study-0012.tif

From the Analyse menu choose the Set Scale option. The line
you selected should still be active along the feature you chose.
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433x411 pixels; 8-bit (inverting LUT); 174K

>>

Try to

choose a feature of reasonable length to use as your
calibration source. Inevitably you will be a few
pixels out when drawing over it so the error will be
proportionally less across a longer distance.

If you know you’ll be using a scale bar for this
purpose, make a big one right across the image.

® Image) File Edit Image ProcesgC Analyze “Ylugins Window Help
S —

Measure

Summarize
Distribution...
Label

Clear Results

Set Measurements...

Analyze Particles...

Calibrate...
Histogram
Plot Profile
Surface Plot...
Cels

Tools
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The value to change in the window which appears is the
Known Distance, this is the length of the feature you
measured. In this example the length of the scale bar was
50mm so 50 is entered in the box. The unit of length is also
entered in the appropriate box, although this is just a label

.00 Set Scale

Distance in Pixels: 100

Known Distance

Pixel Aspect Ratio: 1.0

Unit of Length: ' mm

and has no effect on the numerical values of measurements.

f Click to Remove Scale |
[] Global

To apply the same calibration to other open images, or ones
you will open, tick the Global option.

Scale: 2 pixels/mm
Cancel oK

The scale at the bottom indicates how many pixels per unit
of measurement.

When the calibration values are known they can be noted and entered directly into this window on
future occasions, without using the line tool step - if they were recorded under the same conditions.

Once calibrated the image window will show its dimensions
in the appropriate units in addition to the pixel dimensions.

rop Exported Study-0012.tif
33x41T); B-bit (inverting LUT), 174K

All dimensions will now be displayed as ‘real’ measurements,
not just as the number of pixels.

Once you have set the scale of your image, open the Analyse /
Set Scale menu to see what the scale has been set to. Record
these numbers and enter them as described below - for images
taken under the same magnification. It is more accurate than
re-drawing a line each time. You may make as small error
drawing the line, but it will at least be a consistent error. This
is particularly important as square and cubic functions (area and volume) will compound any
inconsistent errors.

.00 Set Scale

If you already know the pixel dimensions of your image, go
to the Analyse / Set Scale menu and enter the details in the
box shown.

Distance in Pixels: 100

Known Distance

Pixel Aspect Ratio: 1.0

If you have many image of the same scale, tick ‘Global’ to
propagate the scale to images you open, or have open
already.

Always draw a line immediately after setting a scale and
check it is showing the correct dimensions,. It’s easy to
make an arithmetic error or enter the wrong numbers. The
line tool displays a ‘live’ length in the main menu bar.
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Unit of Length: ' mm

f Click to Remove Scale |
[] Global

Scale: 2 pixels/mm

Cancel oK
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Selecting Particles Using Thresholding

Go to Image / Adjust / Threshold and you are able to adjust the sliders to include only the pixels
which have intensity values within. These pixels are highlighted in red.

The better your feature(s) of interest are highlighted compared to their surrounding, the easier this

Threshold

60
204

Default 3| | Red =

|_I Dark background Stack histogram

| Auto Apply Reset | | Set
s ®
O
o
°®
°
" [} ° Q
[ ] L Y
e ® L4
* o ®
° e o *
ht » ° )

Particle Analysis

e a2 a

Analyze Particles

Size (umA2): b.OO—Inﬁnity
Pixel units
Circularity:  0.00-1.00

A

Show: | Overlay Outlines ¥
™ Exclude on edges
Include holes
_| Record starts
In situ Show

] Display results
™ Clear results

™ Summarize

™ Add to Manager

Help || Cancel OK

Andrew McNaughton

step will be. Told you.

Select the pixel intensities you require by moving the
sliders, the illustration here shows pixels with an intensity
from 60 to 204 will be selected.

The image will then look something like the one shown
below, with the selected pixels shown in red.

The next step is to select the region you want to measure the
particles it contains. Either use one of the area selection tools
from the main menu (box, freehand, etc.) or choose Edit /
Selection / Select All (command A) to select the entire image.

Now the particles you are wanting to count satisfy two
criteria: (i) they fall within a desired pixel intensity and (ii)
they are also within a region of interest.

To measure the particles go to Analyse / Analyse Particles ...
the following window appears. If you want to limit the
particles size range to measure, make the appropriate
adjustments. Choose ‘Overlay Outlines’ to number the
particles with a labelling number. Tick ‘Exclude on Edges’ if
you want to ignore partial particles.

When you click ‘Ok’ the results will be displayed as a list
with the area, and label number, or each particle. Save the
results window as an Excel file and perform further analysis
as needed.
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