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Microscope Image Analysis
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Microscope Image Analysis in 3
parts

1 What is in a microscope image
• What is in a image?
• Image display
• Image acquisition

2 Careful with your data
• File formats
• OMERO
• Figure preparation

3 Images as N dimensional numeric arrays
• N dimensional images
• Spatial filters
• Morphology
• Connected components
• Tools
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Pixel data
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Images as Signals
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Images as Signals
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Images as Signals
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Images as Signals

Serra da Freita



Plan

Basics
Images as Arrays

Numeric types

Tools

ImageJ

Segmentation
Logical images

Threshold

Logical operations

Object properties

Morphology

Image
alignment

Filters
Explained

Convolution

Fancier filters

Summary

Images as Signals



Plan

Basics
Images as Arrays

Numeric types

Tools

ImageJ

Segmentation
Logical images

Threshold

Logical operations

Object properties

Morphology

Image
alignment

Filters
Explained

Convolution

Fancier filters

Summary

Images as Signals

0 100 200 300 400 500
2000

4000

6000

8000

10000

12000

14000

0 100 200 300 400 500
2000

4000

6000

8000

10000

12000

14000



Plan

Basics
Images as Arrays

Numeric types

Tools

ImageJ

Segmentation
Logical images

Threshold

Logical operations

Object properties

Morphology

Image
alignment

Filters
Explained

Convolution

Fancier filters

Summary

Images as Signals

0 100 200 300 400 500
2000

4000

6000

8000

10000

12000

14000

0 100 200 300 400 500
2000

4000

6000

8000

10000

12000

14000



Plan

Basics
Images as Arrays

Numeric types

Tools

ImageJ

Segmentation
Logical images

Threshold

Logical operations

Object properties

Morphology

Image
alignment

Filters
Explained

Convolution

Fancier filters

Summary

Images as Surfaces
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Images as ND Arrays

• x and y
• time
• z (volume)
• wavelength
• phase
• stage angle

Think ”data”, not ”picture”
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Localisation Microscopy

Diffraction limited fluorescence images

Localised fluorophores
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Localisation Microscopy

Diffraction limited fluorescence images

Localised fluorophores
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Fitting



Plan

Basics
Images as Arrays

Numeric types

Tools

ImageJ

Segmentation
Logical images

Threshold

Logical operations

Object properties

Morphology

Image
alignment

Filters
Explained

Convolution

Fancier filters

Summary

Fitting



Plan

Basics
Images as Arrays

Numeric types

Tools

ImageJ

Segmentation
Logical images

Threshold

Logical operations

Object properties

Morphology

Image
alignment

Filters
Explained

Convolution

Fancier filters

Summary

Fitting

Check line profile of a bead.
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Check line profile of a bead.
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Localisation imaging

Table of coordinates.

What is the pixel size?
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Localisation imaging

Table of coordinates.
What is the pixel size?
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Direct record
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Image Reconstruction

• Localisation Microscopy (STORM/PALM)
• Structured Illumination

Two step process
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Integer types

21 2
22 4
23 8
24 16
25 32
26 64
27 128
28 256
29 512
210 1024
211 2048

. . .
215 32768
216 65536
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Integer types

unique values min max
21 2 -1 0
22 4 -2 1
23 8 -4 3
. . .
28 256 -128 127
232 4294967296 -2147483648 2147483647
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Floating point

Floating points — sometimes incorrectly called 32 bit.
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Tools for image analysis
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Tools for image analysis

ImageJ / FIJI

Python with NumPy

Octave

R

• CellProfiler
• Icy
• OMERO
• KNIME
• Imaris
• softWoRx
• Volocity
• Matlab
• Metamorph
• Image-Pro Plus
• Huygens
• Mathematica
• . . .
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ImageJ

• de facto standard in medical sciences
• libre software (free and open source)
• massive helpfully massive community

ImageJ1 ImageJ2 FIJI
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Typical problems

Concentration
Protein expression, number of complexes.

Co-localization
Do two overlap and correlate?

Dynamics
How fast does it move?

All require identifying a region of interest.
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Logical (binary) images
Very useful as masks
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Logical (binary) images
Very useful as masks
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Manual threshold
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Automatic threshold
Triangle algorithm

D

IImaxIlowest

T
H(I)

• histogram smoothing (mean filter)
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Automatic threshold
Otsu’s algorithm

H(I)

I
 

• bimodal histogram
• reduce intra-class variance (spread)



Plan

Basics
Images as Arrays

Numeric types

Tools

ImageJ

Segmentation
Logical images

Threshold

Logical operations

Object properties

Morphology

Image
alignment

Filters
Explained

Convolution

Fancier filters

Summary

Logical operations

x y x y x

x AND y x OR y NOT x

Example: split plant cells with cell membrane.
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colocalisation
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Object properties
Particle/Region/ROI properties/measurements

These are always one button or one line of code. The only
problem is getting to this point.

• area
• eccenctricity
• centroid
• center of mass
• integrated density
• min and max
• perimeter
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Erosion and dilation

Dilation

Closing

Erosion

Opening
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Erosion and dilation
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Reconstruction from markers
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Watershed



Plan

Basics
Images as Arrays

Numeric types

Tools

ImageJ

Segmentation
Logical images

Threshold

Logical operations

Object properties

Morphology

Image
alignment

Filters
Explained

Convolution

Fancier filters

Summary

Image gradient

Original

Dilation

Erosion

Gradient
(dilate - erode)
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Moving image
Why doing it?
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geometric transformation

What happens when you:

• rotate • align • translate • stretch
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Linear interpolation

x0 x1

y0

y1

(x,y)
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Bilinear interpolation
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Background correction

• Subtract mean of a known background region (darks).
• Many cameras (not-microscopes) do this.
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Local means

Average Median
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Local means

Original

Mean

Median
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Mean as convolution kernel

4+5+6
3 = 4 × 1

3 + 5 × 1
3 + 6 × 1

3 [
1/9 1/9 1/9
1/9 1/9 1/9
1/9 1/9 1/9

]
3x3 mean kernel

1/25 1/25 1/25 1/25 1/25
1/25 1/25 1/25 1/25 1/25
1/25 1/25 1/25 1/25 1/25
1/25 1/25 1/25 1/25 1/25
1/25 1/25 1/25 1/25 1/25


5x5 mean kernel
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Non-local means
patch based denoise
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Gaussian filter
as weigthed mean



0.011 0.014 0.017 0.018 0.017 0.014 0.011
0.014 0.019 0.023 0.024 0.023 0.019 0.014
0.017 0.023 0.027 0.029 0.027 0.023 0.017
0.018 0.024 0.029 0.030 0.029 0.024 0.018
0.017 0.023 0.027 0.029 0.027 0.023 0.017
0.014 0.019 0.023 0.024 0.023 0.019 0.014
0.011 0.014 0.017 0.018 0.017 0.014 0.011


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Edge detection
Sobel operator

1D filter [
+1 0 −1
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Edge detection
Sobel operator

2D filter(s)−1 0 +1
−2 0 +2
−1 0 +1


−1 −2 −1

0 0 0
−1 +2 +1


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A final word

Limitations such as:
• only black and white;
• only 8 bit;
• only 2D images;
• only 3D images;

are limitations of the implementation.
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Summary

• Images are just N dimensional array of numbers
• Mathematical operations can be extended to images
• Thresholding to create masks
• Filters for processing image
• Morphology to identify shapes
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