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Microscope Image Analysis in 3 Parts

1. What is in a microscope image? &

R

* What isin an image?

* Pixels and display !
* Imagel ol

* Considerations for acquisition

2. Arrays, Images, Dimensions
* N Dimensional images
* Filtering =

* Morphology u'.q
e Connected Components | N3 R”

3. Don’t botch your data
* File formats

* Data storage ’:‘:‘ OMERO
* OMERO




What is in an image?

DeltaVision Confocal Microscope Image
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Raster N\

S A Vecto; 774
Zoom: 3200%

“pixel”:
picture (pix)
element

The smallest
addressable
element of a
raster image




Metadata

|'1* Substack (1)
136.55x136.55 microns (512x512); 8-hit; 256K

* Emission wavelength : 525 nm
* Excitation wavelength : 475 nm
* Exposuretime:0.1s

* Objective:

» pixel size : 0.2667 x 0.2667 um?

* Deconvolved

» 8bit conversion after contrast
adjustment

* Full range displayed

* Plus treatment
e Liver cells
e Knockout




Digitization: Sampling and Quantization

An image function is digitized both spatially and in amplitude
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32-bit 16-bit 8-bit 4-bit




Bit-depth and Dynamic Range

Storage of this data is limited by bits. Discrete quantization of gray values is expressed as integer powers of 2
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H|stograms of pixel values and image display

136.55x136.55 microns (512x512); 16-bit, 512K 136.56x136.55 microns (512x512); 8-bit; 256K

Histogram of Substack — O ot

300x240 pixels;, RGE; 281K

7049 3951
Count: 262144 Min: 709
Mean: 1180.571 Max: 3951

StdDew: 372.570 Mode: 903 (10516)
Bins: 256 Bin Width: 12.664

value=1405.523
List | Copy | Log | Live |

count=1658

Histogram of Substack — O x

300x240 pixels; RGE; 281K

[

1] 265
Count: 262144 Min: 2
Mean: 30687 Max: 201

StdDev: 22.842 Mode: 13 (13289)

136.55x136.55 microns (512x512); 8-bit; 256K

Histogram of Substack — O et
300x240 pixels, RGEB; 281K
[
] 255
Count; 262144 Min: 0
Mean: 91.471 Max: 255

StdDev: 122.304 Mode: 0 (168110)

valus=1358
List| Copy | Log | Live |

count=2

valus=189
List| Cnmr| Log | Live |

count=0




300x240 pixels: RGE; 281K

1 1

1T

136.55x136.55 microns (512x512); 16-bit; 512K

a08 20358
Count: 1711 Min: 808
Mean: 961137 Max: 2035
StdDev: 158.630 Mode: 883 (B8)
Bins: 256 Bin Width: 4.753

value=370.961
I_ist| Copy‘ Log ‘ Live |

count=13

Histogram of Substack — O *
300x240 pixels, RGBE, 281k

1073 3241
Count: 1634 Min: 1073
Mean: 1992736 Max: 3241
StdDey: 390,892 Mode: 2127 (20)
Bins: 256 Bin Widlth: 8.469

value=2140.082
List| Copy| Log ‘ Live |

count=18




RGB

RGB Images are If you ever get an

not accurate for RGB image,
fluorescence something has
microscopy. gone wrong




Look up tables or colour maps

Substack (1)-2 - O X Substack (1)-1 - O > 4 [
136.55x136.55 microns (512x512); 16-bit; 512K 136.55x136.55 microns (512x512); 16-hit; 512K 136.55x136.55 microns (512x512); 16-hit; 512K

A multichannel image is just multiple grayscale images



Scales in colour

Lightrness L

[ Lookup Tables (108%) - a x
1032x600 pixels; RGB; 2.4MB

Green Blug

Spectrum

Red/Green

hlue orange ich

brabermyw
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Tools for processing and analysis

Imagel1 Imagel2 FIJI —Is Just Image)




Considerations for Aquisition

* The system must be correctly set up and aligned. Check this with a
PSF if necessary

* The specimen should not cause undue optical aberration

* Avoid saturation and underflow but fill the dynamic range while
keeping settings the same across all images

e Use a HiLo LUT, beware of intensity scaling

* Check dark signal with a background image

* Be aware of x,y,z optical resolution of the system and sample
appropriately

e Take care with signal to noise limitations



Improving Signal to Noise during Acquisition

increased signal increases S/N = improved contrast

noisy image
(scaled)

N T

increased number
of photons counted

improved S/N

ImageJ



How does noise affect my resolution?

: Scaled 0 - 4095 Auto Intensity Scaled display
RGSO'Uthn Full Dynamic range
C on tra St Decreasing SIN
noise

50% Dynamic range

10% '
Image series collected by e e e

decreasing the excitation Ir?:.r:: ?é'éﬁ:?.g
lamp intensity from 100% to
50%, 10%, 1%, and 0.1% &?;:‘:L‘;?“

1% Dynamic range

0.1% Dynamic range

A 4

Cannot resolve

24

softwoRx API



Resolution,
contrast,
noise

The difference between
signal and background
must be at least 3X the
nolse to be detectable

Block Black/white lines

Boundaries and lines
easily resolved in the
absence of noise

Increasing levels of
Gaussian noise

Decreasing S/N

v

Boundaries and lines
no longer resolved




Micron

Come speak with us!




Figure Preparation Guidelines

e Carry out all processing and analysis before making figures by using
software for raster images (i.e. Imagel)

e Use vector graphics for lettering, arrows, diagrams, arranging panels
(Inkscape)

* Both can rotate, size and crop

* Do not use Office suite of applications: Word, Powerpoint, Keynote,
Impress, Writer

* Be consistent with processing steps, especially contrasting



