Infroduction to Digital Images
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A digital image is a matrix of numbers!



¢ Introduction to Digital Images
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¢ Introduction to Digital Images

Images in publications and presentations should be used to communicate a finding...
not be the finding

this just helps to
communicate the result

this is your data this 1s your result
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@ Visualize Images in Python napari
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Inspect Individual Pixel Values P ndv
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https://pyapp-kit.github.io/ndv

Infroduction to Digital Images
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A digital image is a matrix of numbers!

Where do these number come from?



¢ Detectors in Fluorescence Microscopy

The detectors used In fluorescence microscopy are monochromatic.

Cameras or PMTs are (they
just collect photons), you need to separate your fluorophores.

The detector converts photons in digital numbers (linear relation).
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Digital Values = Pixel Intensity Value

The range of possible digital values is defined by the bit depth.




¢ Detectors in Fluorescence Microscopy - Bit Depth

The bit depth defines the range of possible digital values that each pixel can have,
usually 8, 12 or 16 bit.

The bit depth is expressed in grey values.

bit depth of the image = bit depth of the detector

(Unless you change that during acquisition)

X bit = a range of

Image = can have = 256 grey values =
Image = can have = 4096 grey values =
Image = can have = 65536 grey values =
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Digital Value = Pixel Intensity Value = Grey Value
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¢ Display your Images

Mapping Image Intensity to Monitor Intensity (LookUp Tables)
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¢ Display your Images - Brightness & Contrast [ nav
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¢ Histogram ndv
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¢ Display your Images - Brightness & Contrast

Which image has more fluorescence?
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Display your Images - Brightness & Conirast

Which image has more fluorescence?
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¢ Images and Colors - Lookup Tables (LUTs)

LUT = how the grey values are displayed

LUTs do not change the pixel values




¢ Images and Colors - Lookup Tables (LUTs) ndv
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% Images and Colors - Choose the right LUT

Which is brighter?

The human eye evaluates intensity best In grayscale

If you are imaging for example a blue fluorophore, you are NOT FORCED to display it in blue!




% Images and Colors - Choose the right LUT

Color blind people don’'t distinguish some colors

Protanope (no red) Tritanope (no blue)
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DAPI

=

MitoTracker Red.




Talley Lambert




¢ Images and Colors

RGB Imdges (still matrix of numbers)

LUTs cannot be applied to RGB Images

RGB image

RGB Color mage (e.g. jpeg, png) = Red + Green + Blue

RGB Color image = 8 bit Red, 8 bit Green, 8 bit Blue = R (0-255), G (0-255), B (0-255)




¢ Pixel Size & image Scale

Laurence Haren
Q" @HarenLaurence
never forget the scale bar! @StearnslLab

when biology meets astronomy: cell vs nebula,
centrosome vs dying star! @EtienneKlein

10 um

10 um 0.25 LIGHT-YEARS




& Pixel Size & image Scale

What if the pixel size is not stored in the metadata?

If you know the and the you used for the acquisition,
you can estimate the image pixel size.
= /
Example:

Magnification = 100x Objective

Camera = Hamamatsu Orca Flash 4

Product number C13440-20CU

Imaqing, device SCMOS pixel width and height:
Cell (pixel) Size (um?) 6.5%6.5 | m—— 6.5 um / 100X =

Pixel Array (horizontal by vertical) |2048x2048 -9 M

Effective Area (horizontal by
vertical in mm)

13.312%13.312




? Questions & iac.hms.harvard.edu/bobiac/2025



http://iac.hms.harvard.edu/bobiac/2025

