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vvv |-> PSF overview

Schermelleh et al 2010 JBC
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|  Best localization: confocal microscopy

convencional     /         confocal

focal xy plane

z

380 nm

780 nm

Fluorescein

|-> Diffraction limited Microscopy
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https://zeiss-campus.magnet.fsu.edu/print/livecellimaging/techniques-print.html
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exc

Stokes: exc < em

?
em

Stokes: exc < em

|-> Convolution
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em

exc

Stokes: exc < em

n(exc) > n(em)

|-> Convolution
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Z

X

PSF:
xy ~ 500 nm | z ~ 1500 nm

|-> Convolution
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Objeto (f)

Resultado ~ f

Mejor representación 

de la realidad

Deconvolución



PSF
Objeto borroso

PSF  f + b
Imagen con 

ruido (I)

PSF: Point Spread 
Function

f: Object Function

b: Offset Function

I: Image Matrix

N: Noise Function

N(PSF(x, y, z)  f(x, y, z) + b(x, y, z)) = I(x, y, z)

|-> Deconvolution
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OTF: Object/Optical Transfer Function
Myoglobin in Action |Picosecond Laue Crystallography Diffraction Data 
Schotte et al (2003) Science

Object ObjectModelOTF-1ObjectImageOTF

http://www.youtube.com/watch?v=lnKIBZYarzM
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Diffraction Limited Resulution for a 10m telescope ~ /D ~ 0.01 arcsec
is limited to ~ 0.5 arcsec by the turbulent atmosphere. 
NAOS creates an artificial star at 90 km altitude in the Earth´s mesosphere. 

The Laser Guide Star is used to correct atmospheric effects

Object OTF-1 ObjectModelOTF ObjectImage

2.3 arcsec
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OTF-1 ObjectModel

Diffraction Limited Resulution for a 10m telescope ~ /D ~ 0.01 arcsec
is limited to ~ 0.5 arcsec by the turbulent atmosphere.

Object OTF ObjectImage

Hubble

VLT
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Confocal Microscopy | From Geometric Optics to Diffraction Theory
Diffraction: The deviation of an electromagnetic wavefront from the path predicted by geometric optics 
when the wavefront interacts with a physical object such as an opening or an edge. 

10 µm 33 fs 

luz

OTF-1 ObjectModelObject OTF ObjectImage
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vvv |-> Deconvolution

z = 17.86 m

z = 7.41 m

z = 16.18 m

A
raw image     deconvolution      ROI                 active contour ROI

B

raw data                                             deconvoled data

surface                                                active surface

polygon                                                          model

sphere                                              2-phase sphere

projection                                                   projection

5.2 m holes         patches
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PSF: Point Spread 
Function

f: Object Function

b: Offset Function

I: Image Matrix

N: Noise Function

N(PSF(x, y, z)  f(x, y, z) + b(x, y, z)) = I(x, y, z)

|-> Deconvolution

https://svi.nl/Nyquist-Calculator

https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
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PSF: Point Spread 
Function

f: Object Function

b: Offset Function

I: Image Matrix

N: Noise Function

N(PSF(x, y, z)  f(x, y, z) + b(x, y, z)) = I(x, y, z)

Backprojected 

confocal pinhole

|-> Pinhole

https://svi.nl/Nyquist-Calculator

https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
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PSF: Point Spread 
Function

f: Object Function

b: Offset Function

I: Image Matrix

N: Noise Function

N(PSF(x, y, z)  f(x, y, z) + b(x, y, z)) = I(x, y, z)

|-> Pinhole

https://svi.nl/Nyquist-Calculator

https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
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Noise 

& 

Fluctuation

Statistics

Statistical 

Physics

Stochastic

Processes

Probability

Theory

Information 

Theory

Literature: eg. Noise Theory and Application to Physics: Philippe 

Réfrégier, Springer 

|-> Noise
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PSF: Point Spread 
Function

f: Object Function

b: Offset Function

I: Image Matrix

N: Noise Function

- Black Body Irrdiation
(Poisson)

- Detector Noise
(Gauss)
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N(PSF(x, y, z)  f(x, y, z) + b(x, y, z)) = I(x, y, z)

|-> Noise
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Gauss RayleighGamma

Exponential Uniform

|-> Noise
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|-> Noise
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- Undersampling looses structures.
- Oversampling waists memory/computation time.

The ‘Nyquist /Shannon Theorem‘ or ‘Sampling Theorem‘ for the 
digital sampling of analogue signals suggests a Nyquist rate NR  2 ?

! Diffraction theory calculates lateral NR ~ 20 pixel/µm(~50 nm/pixel) !
... laxial NR ~  (~150 nm/pixel)

|-> Nyquist /Shannon Theorem
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PSF: Point Spread 
Function

f: Object Function

b: Offset Function

I: Image Matrix

N: Noise Function

https://svi.nl/Nyquist-Calculator

N(PSF(x, y, z)  f(x, y, z) + b(x, y, z)) = I(x, y, z)

|-> PSF calculator

https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
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PSF: Point Spread 
Function

f: Object Function

b: Offset Function

I: Image Matrix

N: Noise Function

N(PSF(x, y, z)  f(x, y, z) + b(x, y, z)) = I(x, y, z)

|-> PSF calculator

https://svi.nl/Nyquist-Calculator

https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
https://svi.nl/Nyquist-Calculator
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Snell‘s Law:

sin1 n1 = sin 2 n2

• 1.518 [Zeiss Oil]
• 1.33 [Water]
• 1.0008 [Air]

Index of refraction: n = (· )1/2 = c/v,

 electric permittivity and  magnetic permeability.

2· 2

1· 1

|-> Snell‘s Law
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Refractive Index:

RI = n1/n2 = v2/v1

Snell‘s Law:

sin1 n1 = sin 2 n2

n = n() !

• 1.518 [Zeiss]
• 1.33 [Water]
• 1.0008 [Air]

(Egner et al 1998)

|-> Refractive index
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n1  n2              n1 = n2

Micro-esfera:   = 6 µm

agua/aceite      -- aceite/aceite

Ley de Snell:   ni · sini = nk · sink 

n = n() !

cover          n3

(150 µm)

objective

n1

n2

|-> Refractive index
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The observation volume (femtoliter) defined by the Point 
Spread Function must be considered as a mini-
sprectrofluorimeter.

1. You need to consider the Offset I(0) in order to calibrate 
your signal I(0)  0 !

2. Never saturate the signal: I  Imax (255 for 8 bit) !

I(0) > 0 

I > Imax 

|-> Resumen I
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3. You need to consider sampling distances in x and y   50 
nm and z    150-300 nm for later deconvolution, or 
calculate the explicit sample distances @ 
http://support.svi.nl/wiki/NyquistCalculator

|-> Resumen II

http://support.svi.nl/wiki/NyquistCalculator
http://support.svi.nl/wiki/NyquistCalculator
http://support.svi.nl/wiki/NyquistCalculator
http://support.svi.nl/wiki/NyquistCalculator
http://support.svi.nl/wiki/NyquistCalculator
http://support.svi.nl/wiki/NyquistCalculator
http://support.svi.nl/wiki/NyquistCalculator
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4.  Use the right inmersion setup !

          n1 = n2 ! 

          Keep refractive index / index of refraction constant !

|-> Resumen III
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