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Temas/Clases

I. Principios, conceptos fundamentales

II. Procesamiento

III. Herramientas de software
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> Principios

If TV science was more like real science
http://phdcomics.com/comics.php?f=1156

Source: BioImage Analysts all over the world in the 20’s

http://phdcomics.com/comics.php?f=1156


> Principios

• “As image analysts at two major imaging facilities, we are regularly 
asked to replicate the typically vague methods in published papers 
and find this task ranges from straight-forward, over pleasantly 
challenging, to impossible.” K. Miura, S. Nørrelykke (2021)

• Reproducibility
• Methods
• Results
• Inferential

https://doi.org/10.15252/embj.2020105889

Goodman, S. N., Fanelli, D., & Ioannidis, J. P. (2016)
What does research reproducibility mean?
Science translational medicine, 8(341), 341ps12-341ps12

https://doi.org/10.15252/embj.2020105889


> Principios

• FAIR data management
https://www.go-fair.org/fair-principles/

• FAIR is not the same as Open

https://www.go-fair.org/fair-principles/


https://doi.org/10.1038/s41592-023-01987-9

> Principios

https://doi.org/10.1038/s41592-023-01987-9


> Conceptos
• Signal & noise

• SNR

• Signal amplitude

• Signal frequency/frequencies

• Signal amplitude
• Fluorescence intensity

• Segmentation

• Pixel / Voxel

• Bit

• (Sample) Bit depth

• Sampling frequency/interval
• Pixel size or spacing

• (Intensity) Histogram

• Filter



> Conceptos



> Conceptos

Analysis
•ROIs / models
•Measurements

Understanding
•Higher level task
•Hypotheses support

(pre)Treatment or
Filtering
•Restoring
•Contrast enhancement
•Artifact removal
•…

Acquisition
•Microscopes
•Cameras
•…

images + 
descriptions

images images

Image Processing



> Conceptos

• Digital image processing means…

z

y
x

– Digital… discrete, finite

• A discrete set is composed by elements which
are “isolated” one from another
Examples:

• Natural numbers {1, 2, 3, …} (infinite set)
• Natural numbers from 1 to 10 (finite set)

• If not discrete? Continuum
Example: real numbers in the [0,1] interval
(infinite set)



> Conceptos

• A digital image can be defined as a function over a discrete space
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– A typical 2D image model is the raster image: 
array (matrix) of pixels in cartesian
coordinates (x, y)

– A numeric value for brightness (intensity) or
color is associated to each pixel



> Conceptos

• Color space (through examples)
• RGB space: three channels for respective primary colors: Red, Green, Blue. 8 bits 

determine [0,255] range

• Other spaces: CMYK (Cyan, Magenta, Yellow, Black), HSB, HSV, Lab, …



> Conceptos

• Greyscale image

• A brightness (intensity) level is defined for each pixel



> Conceptos

• From RGB to greyscale



Conceptos

• Color space (through examples)

• HSV (hue, saturation, value) color space
https://en.wikipedia.org/wiki/HSL_and_HSV

• Hue: color „type“, range 0-360° (0° red, 120°
green, 240° blue)

• Saturation: color „intensity“, range 0-100%.
• Value: brightness, range 0-100%.

HSV is a non linear transformation from 
the RGB color space.

https://en.wikipedia.org/wiki/HSL_and_HSV


Conceptos

• Other than raster images…
• A vector image is defined by using a 

set of base elements (like shapes or
curves), instead of explicitly give the
color/intensity for each pixel

• Example: SVG images; base functions
(wavelet, splines, Fourier)

• In order to show a vector image in a 
common digital screen (pixel matrix) 
a rasterization algorithm/method is
required

http://en.wikipedia.org/wiki/SVG

http://en.wikipedia.org/wiki/SVG


> Conceptos

• …so, a digital image can be treated as a mathematical function (in the
mathematical sense)…

• on a discrete domain

• with numeric values associated to each elements, representing a property
(such as color, brightness, depth, etc.)

• Nowadays, digital ≡ binary

Aubert & Kornprobst (2006)
Mathematical Problems In Image Processing



> Conceptos

I(290,267) = 220

8 bit greyscale image

Binary
value

Decimal 
value

0000 0000 0 (black)

0000 0001 1

0000 0010 2

0000 0011 3

0000 0100 4

0000 0101 5

0000 0110 6

0000 0111 7

0000 1000 8

… …

1111 1011 251

1111 1100 252

1111 1101 253

1111 1110 254

1111 1111 255 (blanco)

Bit depth



> Conceptos

• Color lookup tables (LUTs) map intensity values to custom colors.
For example, a greyscale image can be displayed using a black-to-
green LUT...
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> Conceptos

• Black-to-red LUT…
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> Conceptos

• …or any custom color table

I(290,267) = 220
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Yellow
(255, 255, 0)

Black
(0, 0, 0)

Red
(255, 0, 0)

Green
(0, 255, 0)

White
(255, 255, 255)

Cyan
(0, 255, 255)

Magenta
(255, 0, 255)

Blue
(0, 0, 255)

Red = [r0, r1, ..., r255] 
Green = [g0, g1, ..., g255]
Blue = [b0, b1, ..., b255]



> Conceptos






> Conceptos

[R, G, B, α]






> Conceptos (resumen parcial)
• Function representation

• Raster, SVG, base functions
• Color mode

• grayscale
• color (RGB, CMYK, HSV, Lab, etc.)

• Color depth (bit depth)
• How many bits for how many values (e.g. 8 bits, 32 bits)
• Number format

• Integer (typically unsigned, e.g. TIFF)
• Decimal (can be signed, e.g. ICS )

• File format
• “Raw”: each pixel value is stored (lots of space), native vendor format (*sigh*)
• Compressed, with or without information loss

(e.g. JPEG lossy format, TIFF can be compressed or uncompressed)
• Management…



> Conceptos

• Lossless (left) and Lossy (right) file/compression

Lossy



• Lossless vs. Lossy (Canny edge detector filter)



> Conceptos

File formats for images
(“useful” lossless formats listed here)
• PNG (2D)
• TIFF (2D/3D multi-channel, LUT support, 

some allow for compression)
• NGFF: Next generation file formats for large

n-dimensional array containers
• N5
• Zarr https://github.com/saalfeldlab/n5

https://www.youtube.com/watch?v=InqZ_NsgB4g
https://imagej.net/N5

https://zarr.readthedocs.io/en/stable/

A 2D image pyramid. Source:
https://en.wikipedia.org/wiki/Pyramid_(image_processing)

https://github.com/saalfeldlab/n5
https://www.youtube.com/watch?v=InqZ_NsgB4g
https://imagej.net/N5
https://zarr.readthedocs.io/en/stable/
https://en.wikipedia.org/wiki/Pyramid_(image_processing)


> Conceptos

• Image Analysis

The extraction of meaningful descriptions of features of interest from images

Adapted from
Young I, Gerbrands J, van Vliet L (1995)
Fundamentals of Image Processing. Delft: PH
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