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deconvolution
A A mathematical imagestoratioriechniqueapablef:
A 1. Removing noise / background
A 2. Increasing contrast
A 3. Increasing resolution

A byusinga priori knowledge of the imaging system:
ThePoint Spread FunctisF)
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Diffractiodimitedsystems

A A microscops a diffractiodimitedsystem

DIFFRACTION: Spreading out of waves past a small opening

A Opticabluris aconsequenagf light diffractiothrougrthe
opticalsystem (angarticularlghroughhe objectiveyesulting
In the limitation adpticalresolution

Point Spread Function (PSF) :

System response to a punctual light source

CONVOLUTION

>
B

DECONVOLUTION 4
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PSF_

A THE PSF IS THE BASIC BRICK OF IMAGING AND THUS DECONVOLUTION
How are the PSF and the optical resolutior?linked

PSF and microscope optical resolutiontansically linked

The PSF width (FWHM) in the radial and axial didsteéamse theptical system
resolution and vice versa Rayleigh criterion

T> T

Airy Discs

@ \ TwoAirydisks (points)areresolvedf theyarefarther
(\ - : apartthanthe distanceat whichthe maximunof one

Airy disk coincideswith the first minimumof the
secondAirydisk

A Asdeconvolutiors performedat the PSFscale,it is necessaryhat the imageis

acquireawith a correctvoxelsizeg that is, with a voxelsize coherentvith the optical
resolutiorof the microscope

A Accordintp the Nyquistheorem| sampling _ step = 2(@ptical _ resolution

Notethat the effectiveopticalresolutiorof the realmicroscopés alwayswvorsethanthe theoreticabne(lensimperfections,

mlsa“gnments) PTBIOP Course: Deconvolution, 2014 5 )
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|.  The Objective NA WHAT AFFECTS
.
?
IIl. Pinhole Aperture NA=0.38 THE PSF:
V. Refractive Index . -
V.

NUMERICAL APERTURE

REFRACTIVE INDEX
- m

250nm  500nm  1000nm e o e

NA =14
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PSF widening
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sin(@)=A/d sin(8)=A/d

Wavelength
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I Refractivéendexes of the objective medium and the

sample mountingedium.

Spherical Aberration

Monochromatic
Red Light W
X

N
Focal
Focal Point3

Point 1

Optical

xis <8
~
Simple S
Thin Lens <

Optical problem
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PSHRwithoutandwith
refractive index mismatch,
at a depth of 1pm
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Theoreticaksmeasuregsf

A In practice, the effective PSF can significantly
_differ from the theoretical one

n .
/

Theoretical PSF Measured PSFH488 nn) Measured PSF561 ni)
Confocal microscope, Zeiss LSM700 Confocal microscope, Zeiss LSM700

)
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Acquiring Good Image

Good Deconvolutiem Good Images
Bad Imagee= NoDeconvoltuion
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~ Goodquuality images

size depth
VIVA 1A
RESOLUTION
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Good gquality image:
NOISE REDUCTION GAIN, OFFsET, LASER POWER

(SATURATION)

(PixeEL DWELL TIME, FRAME/LINE AVERAGING)

‘A ._,)r-'

Hela Cells confocal acqulsﬂp&hdwlng
saturation,

- - -

Confocal acquisition
using 8frame average (left)
and no averaging (rightje.
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Voxel bit depth
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16-bit G R OS 3-bit

pixel value: 0,1... to 65535 : .t e pixel value: 0,1..to 7

12-bit
pixel value: 0,1... to 4095
8-bit

pixel value: 0,1... to 255

depth

HiGH BIT-DEPTH (12 OR 16-BITS)

8-t ie Bins

16-bit Range Bins

SNt ! :
& '
pixel value: 0 orl pixel value: 0,1,20r3 ‘\\—_‘
e
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Voxel size

Widefield

Nyquist svi

Objective NA|XY [nml Z [nm] | XY [nm] Z [nm]
10x air 0, 1057 wl 433 5644

20x air 0. 397 1138 162 650
40x oil 1. 244 431 100 352
63xoil 1. 27 n 92 n
20x water 0, 634 2912 260 2682
63x water 0. 352 899) m 4

Confocal

Nyquist svi
Objective NA]XY [nm] Z [nm]|XY [nm] Z [nm]
10x air 0.3 357 4066 203 2648
20x air 0.8 134 571 76 305
40x oil 1.3 82 32 46 165
63x oil 1.4 76 283 43 130
20x water 0.5 214 1947, 122 1258
63x water 0.9 119 601 67 350
PTBIOP Course: Deconvolution, 2014 148
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Voxel size
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