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deconvolution
ÅA mathematical image restoration techniquecapable of: 
Å 1. Removing noise / background
Å 2. Increasing contrast
Å 3. Increasing resolution
Åby using a priori knowledge of the imaging system: 

The Point Spread Function (PSF)
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deconvolution
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Diffraction-limitedsystems

ÅA microscope is a diffraction-limitedsystem

ÅOptical bluris a consequenceof light diffraction throughthe 
opticalsystem (and particularlythroughthe objective), resulting
in the limitation of opticalresolution.
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CONVOLUTION

DECONVOLUTION

ImageObject



PSF
Å THE PSF IS THE BASIC BRICK OF IMAGING AND THUS DECONVOLUTION

How are the PSF and the optical resolution linked?

Å PSF and microscope optical resolution are intrinsically linked.
Å The PSF width (FWHM) in the radial and axial directions determine the optical system 

resolution and vice versa.

Å As deconvolutionis performedat the PSFscale,it is necessarythat the imageis
acquiredwith a correctvoxelsize, that is, with a voxelsizecoherentwith the optical
resolutionof themicroscope.

Å Accordingto theNyquisttheorem:
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Rayleigh criterion

TwoAirydisks(points)areresolvedif theyarefarther
apartthanthe distanceat whichthe maximumof one
Airy disk coincideswith the first minimumof the
secondAirydisk.

Notethat theeffectiveopticalresolutionof the realmicroscopeis alwaysworsethanthe theoreticalone(lensimperfections,
misalignments).

resolutionopticalstepsampling _2_ Ö=



PSF
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I. The Objective NA
II. Wavelength
III. Pinhole Aperture
IV. Refractive Index
V. Other Factors
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PSF widening
ÅWHICH ELEMENTS INFLUENCE THE PSF?
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I. The Objective NA
II. Wavelength
III. Pinhole Aperture
IV. Refractive Index
V. Other Factors

Wavelength

Pinhole Aperture



PSF widening
ÅWHICH ELEMENTS INFLUENCE THE 

PSF?
ï Refractive indexes of the objective medium and the 

sample mounting medium.

ï Other factors:
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I. The Objective NA
II. Wavelength
III. Pinhole Aperture
IV. Refractive Index
V. Other Factors

Optical problem Vibrations

PSF without and with 
refractive index mismatch, 
at a depth of 10 ʈm



Theoretical vsmeasured psf

ÅIn practice, the effective PSF can significantly 
differ from the theoretical one
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Theoretical PSF Measured PSF (ʇ=488 nm)
Confocal microscope, Zeiss LSM700

Measured PSF (ʇ=561 nm)
Confocal microscope, Zeiss LSM700



Acquiring Good Images

Good Deconvolution        Good Images
Bad Images No Deconvoltuion
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Good quality images
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Good quality images
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Voxel bit depth
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Voxel size
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Voxel size
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