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Images as Arrays

. 1 What is in a microscope image
e What is in a image?

Image display
Explained ImageJ
B Image acquisition

2 Images as N dimensional numeric arrays

Threshold - . .
R N dimensional images
Logical operations Spatial filters

Object properties

Morphology
Connected components
3 Don’t botch your data

File formats
Data storage
OMERO
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Images as Signals
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x and y
time
z (volume)
wavelength
phase
stage angle
Think "data”, not "picture”



Bit depth / dynamic range
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There is actually no limit. Example:
1.2345 = 12345 x 10~*

Floating points — sometimes incorrectly called 32 bit.



Floating point

Bitdepth

Floating Paint internals,

MA| SSA

The three sections of a floating Point number.

So far, so good. Now, how numbers are interpreted is usually explained with the formula:

(‘DS % 1.M % 2(,1:‘—127'1
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Protein expression, number of complexes.
Do two overlap and correlate?

How fast does it move?

All require identifying a region of interest.
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Very useful as masks
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CellProfiler
lcy

JFJ Omero
ImageJ / FlJI

Imaris
softWoRx
Volocity

I\ ) Matlab
- Octave Metamorph

((’BT Image-Pro Plus

Huygens

Python with NumPy

Mathematica




Background correction

Explained




Local means

Explained
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Original




Mean as convolution kernel

Convolution

Convolution kernel
(emboss)

MNew pixel value (destination pixel)
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patch based denoise
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Edge detection
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2D filter(s)

-1 -2 -1
0 0 O
-1 +2 +1

Sobel operator
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512¢512 piels; 16-bit: 512K

1661%

Default

Auto

U

#Dark background

Apply
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stack histogram

Reset| Set
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Otsu's algorithm

bimodal histogram

reduce intra-class variance (spread)



Triangle algorithm

Bitdepth

/ lowest / max

histogram smoothing (mean filter)
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Original
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ENS— Closing

Bottom hat
(minus image)
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Original
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i Erosion

Gradient
(dilate - erode)
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X AND y

X ORYy

NOT x
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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



geometric transformation

[ ]
Zoomed

Input grid

Output grid

inverse rotation
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Bilinear interpolation
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Limitations such as:
only black and white;
Fancier filters 0n|y 8 blt,

Thveshed only 2D images;

Morphology

Logical operations Only 3 D im ages;

Object properties

are limitations of the implementation.
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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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