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Degrading processes
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Image formation
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The Airy distribution at the focus
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resolution = 0.61x (A/NA)




Image formation

Circular Aperture Airy Disk Patterns

http://microscopy.fsu.edu/



Microscopic imaging
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Point Spread Function (PSF)
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Microscopic imaging: Convolution

XZ slices

PSF
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Fourier transforms
PSF
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Thisis 2D...



Spatial frequencies
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Fourier transforms
Frequency analysis, like in a music player: :
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Fourier transforms

Frequency analysis
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Fourier transforms
Frequency analysis

Thisis 1D...

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



Fourier transforms
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Fourier transforms
Frequency analysis

This is 2D...

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



Computing a convolution
(applying the convolution theorem)
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Convolution: example

Widefield




The 'cookie cutter’
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Cutting out frequencies
in the Fourier domain
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Deconvolution: inverse filtering?
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Inverse convolution: Deconvolution .

o TEMMEBEI{RIX. WEME PSF D7— )T EMODEE CEHHEAS
nEd,

® COHlLiF. WEYDT—)TEHIL., BHEEBZRDT—) TEH
# PSF O7— ) I EBRTHRETSHLEEEKRLET,

0 KYTIIHYELA!

o FolRUa—iavit. BI—YT LRI ILA—Hil LY
M 'C“'é'o



lterative method
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The 'van Cittert' iterative method

Add to previous iteration
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Huygens - MLE
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QMLE: a fast conjugate gradients

MLE algorithm
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Conjugate gradi-
ents optimization. Af-
ter an initial steepest
descent step, the next
step is such that the gra-
dient is preserved along
the path. This path will go
straight to the center of
the valley.

Steepest de-
scent optimiza-
tion. With a not
too lucky starting
point the search will
bounce back and forth
along a narrow valley.



Results
Widefield Confocal




Huygens calculates theoretical PSF from
microscopic parameters (metadata)

Templates
Load Save Help
Edit microscopic parameters of image:
WF-deconvolved
Sampling interval: Parameters for channel: o -
X (nem) 67.0 » Backprojected pinhole r. {nm) 250
¥ ) 67.0 Excitation wawelength (nm) IR0
L 300.0 Emission wavelength (nm) 460
. T 1.000000 Excitation photon count 1
- B  Excitation fill factor 2.00
. Microscope type Widefield -
N Deviating microscope type -
i Mumerical aperture 1.40
Reports
1y Objective guality Good - -
) Coverslip pos. (um) g || 0.000
" 1y Imaging direction Upward -
2 Pinhole spacing (um) 2.500
Refractive indexes:
o, Lens Qil - |1.515
Medium il - 1.515 =

Meta data All verified Revert Cancel Accept
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Bead deconvolved with Theoretical or
Experimental PSF
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raw bead
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Dr. Louis Villeneuve, Institut de Cardiologie de Montreal
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Measured vs. theoretical PSFs
two-photon image of actin filaments
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Volume rendering
sea urchin chromosomes
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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
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Confocal volume image:
sea urchin chromosomes
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Image recorded by Prof. Thomas Baechi, University Ziirich, Switzerland
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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
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Data courtesy Dr.
Kozubek, Brno, Czech
republic,

FP6 3DGenome Project
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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VOO DFEED=HIZHICHELLNTT, UV, 4Pi PSF BAR) OY (K
A—J D1-6TJ, Data courtesy Prof. C. Cremer, Kirchhoff Institute for
Physics, Heidelberg, Germany, FP6 3DGenome Project.
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Visualizing a 4Pi dataset

Maximum Intensity Projection THiEIh 1= 4Pi 2 74>,
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Data courtesy Dr. Tanjef Szellas, Leica Microsystems GmbH ,
Mannheim, Germany
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Photon noise
Image from the Wikipedia
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Photon noise
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RAW image

Deconvolved

SNR:5,CMLE SNR:100, CMLE
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Widefield
NA1.25

Lens: Oil
Medium: Water

)
L

FlbF

Courtesy of Dr. Bashkurov. Mount Sinai University
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SNR is a regularization parameter

Widefield
NA1.25

Lens: Oil
Medium: Water

RAW image

Deconvolved

Ringing (high SNR?) better match with original

Courtesy of Dr. Bashkurov.Mount Sinai University
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Conclusions
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The limit ?
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