ientific mage

Deadline for application
Results - D

To apply send:
I |

COMNICYT




entific mage

\

I1l1. Deconvolution




@ Laboratory for

Scientific Image A

nalysis

|-= Diffraction limited Microscopy

BIOMEDICAL

INSTITUTE

Detector (PMT)

Emission filter
Pinhole

Dichroic mirror
Beam expander

Laser

Microscope objective

Focal plane

Background - A

/

Detection volume

EUROSCIENCE

Q‘%ff\: 4
e
5



r‘J(‘\"

@ Laboratory for BiL}hﬂ I-_I_-"l{q_l‘."ill. CC _4\3//

< |-= Diffraction limited Microscopy NERCSCIEAE
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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.

Apertune

Optical aixs

Figure 2.1 Diffraction of a converging spherical wave at a circular aperture
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Optica no-geométrica /

Teoria de difraccion

PSF = |U|Z2=1(J,)
U, Integral de Difraccion de Kirhoff

Focd plane

Jo, Serie de funciones de Bessel

(Born o~ 1-"1-"(51_’;‘1 Pr'iﬂfpfes of Optics, 6th edition 1988,
Pergamon Press)
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| Diffraction limited microscopy

E. Abbe (T 1905)

AS 2 MNA ~ /2 Resolution (Full Width at Halft Maximum, FwHM )

FyyHM /M2 Localization, N number of photons

Localization ~ SE

'y OO z Obj: 63Xw NA1Z ext88 em520
. , s D0B96T7S
L o focal xy plane 0008 chisg: 347710e-009
- . "-L] FWHM: 0211175
. ’ w 0O j Wi SN
2 oom
2
= oo H Fesolution
P rs FYWHM
L apm Llklk
um
conventional  f confocal l‘r-D'Itlnl:! [un'I]
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| Best localization: confocal microscopy

Z

focal xy plane

convencional

/

confocal

Optics: Zhenll Huang
Photography: Ciceron Yanez
Date: Oct. 25, 2006
University of Central Florida
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M Goeppert-Mayer M Gustafson S Hell
1906-1972 1960-2011 MPI Gottingen
BIOQUANT Hdg

=

FWHM(xy) — A/2

FRIRIRIRIS
fRIRIRIRID
FRIRIRIRIS
1010181018

FLIROSCIENCE

E Betzig
Janelia Farm
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Laser
Micro Lens Array disk

Detector

~L o Dichroic Mirror
Pinhole Array Disk ] 4
!

Objective Lens
—~

Object Plain

spinning disk

BIOMEDICAL @@a

EUROSCIENCE
INSTITUTE (

:’:

Detector (PMT)

Emission filter
Pinhole

Dichroic mirror
Beam expander

Laser

Microscope objective

L o k¥ F -

Background - W

/

Detection volume

Focal plane

confocal
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i
P
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objective objective
lens lens
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4Pi-Confocal Imaging in Fixed Biological Specimens L

Martin Schrader,” Karsten Bahlmann,” Giinter Giese,” and Stefan W. Hell*
Biophysical Journal Wolume 75 October 1998 1659-1668
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Detector

M2-
Phaseplate=——

STED Microscopy Confocal

Stimulated

490 nm

Emission

Depletion

Excitation  STED , Saturated
spot spot  depletion

Concepts for nanoscale resolution in fluorescence microscopy
Stefan W Hell*, Marcus Dyba' and Stefan Jakobs?®

Current Opinion in Neurobiology 2004, 14:599-609
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AFM allows the investigation of
structural and functional
properties of biomolecules In
liquid environments, by a
unigue combination of :

mirror >
/ ______ — — ——— — — —] laser diode ]
*

ALY

. PSPD

\ L’i‘ detector

o Y o

il ver it ]
sample

PZT
scanner

X

BIOMEDICAL éfz S
EUROSCIENCE
INSTITUTE

<= Vi

e subnanometer spatial resolution

e millisecond temporal resolution

e piconewton force sensitivity
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Scan

Direction

L 11 1 1 B S8SE RN

*pPPC Lyso-PC PA

M Grandbois et al. (1998) Biophys J.
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xy-Distance

—_— N INSTITUTE
cientific Image Analysis )
Obj: 63Xw NA1.2 ex488 em520
d)!fdy 2“:10 nm, st( = 1§[r)nnm Obj 63Xoil NA1.4 ex488 em520
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Stokes:  Agye < :
N(Aeye) > :
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Figure 2.5 System diagram of a ¢ vi-fluorescence microscope.
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PSF:
Axy — 500 nm | Az — 1500 nm
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PSF: Point Spread N(PSF(x, Yy, z) ® f(x,y, z) + b(X, Yy, 2)) = I(X, Y, 2)
Function
f: ObjeCt Function Objeto borroso Imagen con

Objeto (f) PSF®f+b ruido (1)

b: Offset Function

I: Image Matrix

N: Noise Function

\ 4
— Deconvolucion —

Resultado ~ f
Mejor representacion
de larealidad
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PSF: Point Spread
Function

f. Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

http://support.svi.nl/wiki/NyquistCalculator

|-> Deconvolution
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N(PSF(X,y,2) ® f(X,y,2) + b(X,y, 2) =1(x, vy, 2)

Calculator

Mumerical aperture

Excitation wavelength

Emission wavelength

NMumber of excitation photons

Backprojected pinhole radius

B.P. distance between pinholes

Lens medium refractive index

Specimen medium refractive index

& confocal
" widefield
 nipkow
" apj

1.3

453

520

1

250

253

1515

acguisition depth

I calculate also PSF

1.45

Select one

(nm)
(nm)
(nm)

Only for Mipkaw disks {pm)

(Hm)



PSF: Point Spread
Function

f. Object Function
b: Offset Function
I: Image Matrix

N: Noise Function
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N(PSF(X,y,2) ® f(X,y,2) +b(X,y, 2) =1(x, vy, 2)

Backprojected
confocal pinhole e
(o]
—
.|{I- T kbr
Bt
Le— 'S

http://support.svi.nl/wiki/NyquistCalculator



PSF: Point Spread
Function

f: Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

|-> Pinhole
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N(PSF(X, Yy, z) ® f(x,y, z) + b(X, Y, 2)) = I(x, vy, 2)

Biorad

¢ Biorad WEC 500, 600 and 1024
+ Biorad FEadiance

Leica

o Leica confocals TCOS 4d, 5F1 and INT
# Leica confocal SF2
# Leica confocal SFS

Nikon

o TEZOD0-E with the C'1 scamung head

http://support.svi.nl/wiki/NyquistCalculator

Olympus

o Olympus FYW 300
* Olympus FW SO0
* Olympus FV 1000

Zeiss

¢ Zeiss LEMATD myverted
* Feisz LahS10
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Informa
Theo

Literature: eg. Noise Theory and Application to Physics: Philippe
Réfregier, Springer
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PSF: Point Spread N =1(x, Y, 2)
Function ;
J7AS
f: Object Function P(p, 1) :F’e :
b: Offset Function 1.0=pu=0,sd :a:\/f:\/;
I: Image Matrix 2. counting - ﬁi\/ﬁ
N: Noise Function 3. Poisson(discrete) — Gauss(continuous) ; i — oo
- Black Body Irrdiation
(Poisson) 01
Ad —
- Detector Noise 0.12 - i ]
(Gauss) 0.09 - ]

0.06 1
0.03 1
0.00 - it 1111

0 2 4 6 8 10 12 14 16 18 20 22 24
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The Signal to Noise ratio (SN) 1s a num-
ber not always easy to estimate. The easi-
est way to obtain some fi gureis to look at
the textures of bright areas in your object
image. In the fi gure at left you see aam-
ples of such textures obtained from origi-

nally the same DbjBCT i]]'lé]ge to which Figure 0, I]‘nageg with different generated
various levels of poisson noise were noise levels
added.
100 80 5 202707l + 1091 31(sd] | 30,7007 O S ef] 4 1448050 + 27 1501 fsd]
> 80 & 60 - 3 60 -
© 60 @ ] o ]
= R g 40 -
o 40 T ] o E
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B 0 e L = L o T L o 3
200 220 240 180 200 220 240 100 150 200
Image Values Image Values Imaae Values
| 229 | 200 | 139
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bl
150 1
100
50 F
50 100 150 0 50 100 150
Pixels Pixels
Oversampling Camect sampling

- Undersampling looses structures.
- Oversampling waists memory/computation time.

BIOMEDICAL xp{.él

o)

EUROSCIENCE )

INSTITUTE

150
Pixels

0 50 100

Undersampling

The ‘Nyquist /Shannon Theorem* or ‘Sampling Theorem* for the
digital sampling of analogue signhals suggests a Nyquist rate NR > 2v ?

I Diffraction theory calculates lateral NR — 20 pixel/pm(—50 nm/pixel) !
... laxial NR — (—150 nm/pixel)
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PSF: Point Spread
Function

f: Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

http://support.svi.nl/wiki/NyquistCalculator

|-> PSF calculator
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N(PSF(x,y, z2) ® f(x,y, z) + b(X, Yy, 2)) = I(X, Y, 2)

Calculator

NMumerical aperture

Excitation wawvelength

Emission wawvelength

Mumber of excitation photons

Backprojected pinhole radius

B.P. distance hetween pinholes

Lens medium refractive index

Specimen medium refractive index

@ confocal
 widefield
 nipkow
" 4pij

1.3

455

il

1

250

253

1515

Acguisition depth

I calculate also PSF

1.45

Select aone

(nrm)
{nrm)
(nmy

only for Mipkow disks {pm)

()
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PSF: Point Spread N(PSF(x,y, z) ® f(x,y, 2) + b(X,y, 2)) = 1(x, v, 2)
FunCtlon MWyguist sampling (x,v,2 in nm): 46, 46, 165

f: Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

http://support.svi.nl/wiki/NyquistCalculator
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Index of refraction: n = (¢- )2 = c/v,

¢ electric permittivity and z magnetic permeability.

Snell‘s Law:

sin®; n; = sin O, n,

. 1.518 [Zeiss Oil]
s 1.33 [Water]
- 1.0008 [Air]
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Refractive Index:

Rl =ny/n,=v,/v,

Snell‘s Law:

sin®, n; = sin O, n,
n=n)!

- 1.518 [Zeiss]
- 1.33 [Water]
. 1.0008 [Air]

Fig. 1. Geometry when focusing with refractive mdex mismatch.

(Egner et al 1998)
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@ Micro-esfera: @ =6 um
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cover Ny
(150 pm)

agua/Zaceite -- aceite/aceite

n,#n, n, =n,

Ley de Snell: n;- sin®; = n, - SIiNO,
n=n)!
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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 1(0) >0 !

DET 2. Never saturate the signal: 1 <1, (255 for 8 bit) !
oBJ Fluorescence [t
______ Intensity F(t) o |
150 4
'ls-l et b & * 100 4
3 50
< e » " 0 5 10 s n
" "’ Distance [pm]
/ 8 OBSERVATION
\_,r\/---""" VOLUME
® — FOCAL VOLUME
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3. You need to consider sampling distances in Ax and Ay ~ 50
nm and Az ~ 150-300 nm for later deconvolution, or
calculate the explicit sample distances @
http://support.svi.nl/wiki/NyquistCalculator

Fluorescence

Intensity F(t)
Obj: 63%w NA12 ex488 em520
sd: 00896776
0.005 chisq: 347710e-009
FWHM: 0211175
o 0.004
2
OBSERVATION 2 oo
————  VOLUME 2
E 0.002
w
° ——— FOCAL VOLUME 2 oot

H 0.000 “53 02 00 02 04 08

xy-Distance [um]



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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LASER 4. Use the right inmersion setup !
Y nl =n2!
L1

Keep refractive index / index of refraction constant !

L DET
1
|
F P l @ Micro-esfera: &) =6 um
Fluorescence
. i
Intensity F(t) cover n, [\
@50um) /%
agua/aceite -  Aceite/aceite
n, 7 n, n; = mn,
OBEEFJ‘:EDN shjective Ley de Snell: n; -sin®, = n, -sin®),
n = n{A) !
® — FOCAL VOLUME
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