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Intensity recording

° WIILI-BR - K7YUHE
Signal ~ Noise
Noise ~ sqrt(N)
SNR = sqrt(N)
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Photon noise

Image taken from the Wikipedia
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Huygens-Fresnel imaging by delaying
waves with a lens




Image formation




Image formation




Image formation:
Airy disk and rings
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Image formation

Circular Aperture Airy Disk Patterns

http://microscopy.fsu.edu/



Resolution

Airy Disks and Resolution

http://microscopy.fsu.edu/



Numerical Aperture
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Point Spread Function (PSF)
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Microscopic imaging
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PSF measurement




The 'cookie cutter'

PSF (. cookie cutter ELTEIEZET,
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« JKFETHI 10 cycles/micron
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Microscopic imaging: Convolution
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Degrading processes
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Spatial frequencies

- g@lﬁi&?&lis HAWMMLNILTHRYO (FEANZ) B ERL
> HLEVWGHZEDIL, DI HEEEREBRSLNEAFTEA; BLVE
BROAMZMEL. ZLOERBBEREEHET

» PRIBIRBB D ICHEYMERET H_ e T7— ) TREEFEVE
9 COBEIF. D—UITEHERTT,

J—) TR

> 2 DDMEEEXERT A LIX. FhoDT— ) I EBENTAZEIZEL
LNTY,



Fourier transforms
Frequency analysis, like in a music player
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Fourier transforms

Frequency analysis

300
200 -

100 ~

Sound amplitude
(@)

-100- 8
-200-
-- 6
R -300 1 . .
i o 6.8 7.0 7.2

time (s)

Amplitude
1N

s
N

A This is 1D... Frequency (H)



Fourier transforms

-----
L . i

Frequency analysis

Thisis 1D...

http://www.brains-minds-media.org/archive/289/



Fourier transforms
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Fourier transforms
Frequency analysis
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This is 2D...

http://www.cs.unm.edu/~brayer/vision/basis.gif



Fourier transforms




Computing a convolution
(applying the convolution theorem)




Convolution: example
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Cutting out frequencies
INn the Fourier domain
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Deconvolution: inverse filtering?




Inverse convolution: Deconvolution
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The 'van Cittert' iterative method

Add to previous iteration
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Iterative method
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QMLE: a fast conjugate gradients MLE

algorithm
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Huygens - MLE
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Measured vs. theoretical PSFs
two-photon image of actin filaments
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Results

Widefield Confocal
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Image recorded by Prof. Thomas Baechi, University Zurich, Switzerland



Volume rendering the deconvolved sea
urchin nucleus
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Image recorded by Prof. Thomas Baechi, University Zurich, Switzerland



Confocal volume image: sea urchin
chromosomes
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Image recorded by Prof. Thomas Baechi, University Zurich, Switzerland



Confocal volume image: sea urchin
chromosomes
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Image recorded by Prof. Thomas Baechi, University Zurich, Switzerland



Restoration results for
Nipkow confocal data

Data courtesy Dr. Kozubek, Brno, Czech republic,
FP6 3DGenome Project http://3dgenome.uva.sara.nl




Restoration results for
Nipkow confocal data

Data courtesy Dr.
Kozubek, Brno, Czech
republic,

FP6 3DGenome Projec
3dgenome.uva.

sara.nl




Deconvolving Wide Field images
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Deconvolving 2D Wide Field Image
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Restoration of 4Pi confocal images

4Pi PSF
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Visualizing a 4Pi dataset

Maximum Intensity Projection THEShf- 4Pi 2 Dxk>, E£E:
£7—4, ARIE, TaVRY1— 30 0E#, Data courtesy Dr.
Tanjef Szellas, Leica Microsystems GmbH , Mannheim,
Germany




Acquisition note

Nyquist ratio [ZfEof=HY>FTU2 5
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Acquisition Pitfall examples
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Nyquist sampling
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Numerical Aperture



Important factors
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Conclusions
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The limit ?
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Huygens software
Processing stages
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Essential vs Professional
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For more detalls, visit
support.svi.nl/wiki
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Huygens Software
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