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shaertel | Santiago de Chile 18 de Agosto 2012 - 12 de Diciembre 2012, Facultad de Medicina, U-Chile |

Advanced Course

Procesamiento de Imagenes y
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Escuela de Postgrade, Facultad de Medicina, U-Chile
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ACTIVITIES

Notas:
Practicos (25%)
Seminarios (25%)

Examen Final (50%0)

5 grupos a 3:

- Seminarios Practicos

20 min presentacion y pyd
- Seminarios Bibliograficos
20 min presentacion +

20 min preguntas y discusion


http://www.scian.cl/
http://www.scian.cl/mim
http://www.scian.cl/mim
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PROFESORES PARTICIPANTES (INDICAR UNIDADES ACADEMICAS)

ICBM | Facultad de Medicina, U-Chile y BNI

Dr. Steffen Hartel, Director SCIAN-Lab, Programa de Anatomia y Biologia del Desarrollo (PABD),
Instituto de Neurociencia Biomédica (BNI), Instituto de Ciencias Biomedicas
(ICBM) sharel@med.uchile.cl

Dr. Enzo Brunetti, Laboratorio Neuro-sistemas, enzo@neuro.med.uchile.cl
Dr. Omar Ramirez, SCIAN-Lab, PABD, ojanor@gmail.com

Dr. Victor Castarieda, SCIAN-Lab, PABD, vcastane@gmail.com

Dr. Mauricio Cerda, SCIAN-Lab, PABD, mcerda@med.uchile cl

Dr. JamoRalli, SCIAN-Lab, PABD, jamo@ralli fi
Dr.(c) Jorge Jara, SCIAN-Lab, PABD, jjaraw@gmail.com

Ing. Luis Briones, SCIAN-Lab, PABD, Ibriones@med.uchile.cl

Ing. Felipe Santibanez, SCIAN-Lab, PABD, fsantibanezi@med.uchile cl

Centro de Modelamiento Matematico | Facultad de Ciencias Fisicas y Matematicas, U-Chile
Dr. Takeshi Asahi, Laboratorio de Modelamiento en Imagenes Cientificas y Visualizacion
(MOTIV) y Centro de Modelamiento Matematico (CMM), tasahi@dim.uchile cl
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Basic Science
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50 M$Ch
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PostDocs

PhD - students
Master - students
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Research — Assistants
Technicians
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R&D
FONDEF
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110 M$Ch
220 kUS$ / year

_» UNIVERSITAT
@5 HEIDELBERG

HEIDELBERG CENTER
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\

Universidad de Chile

Human Capital Formation Basic Science
Medical Informatics

DAAD / DFG ICM

60 M$Ch 60 M$Ch

120 kUS$ / year 120 kUS$ / year
Biophysics

Biology / Computer Sc / Electrical Engineer

Computer Sc / Electrical Engineer

Medical Technology / Electrical Engineer

Computer Sc

Medicine / Computer Sc / Electrical Engineer / Biology
Biotechnology / Labtechnician / Administration
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I1l1. Deconvolution

11l. Segmentation

. Image Adquisition

1V. Analisys
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I11. Deconvolution

. Image Adquisition
I.a]-> Fundamentos de la microscopia confocal

I.b]-> Fundamentos de la fluorescencia
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“It iIs very easy to answer many
of these fundamental biological
questions. You just look at the
thing !

Make microscopes a hundred
times more powerful and many
problems of biology would be
made very much easier.*

Richard Feynman (1918-1988)
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... just look at the thing ...
¢ Human visual perception ?

Treatise of man (~ 1637)

Passions of the soul (~ 1649)

René Descartes (1596-1650)
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glandula pinealis / pineal organ

BioMEDICAL €%
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A combination of ...

1| direct signals ...
2| signals from other senses ...

3| feedback loops ...

... produce a symbolic
representation of an object.
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Scientific Image Analysis

| Bestresolutionint&x ... || Humas vs machine vision
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2 mol% [Cer] 5 mol% [Cer]

20 mol% [Cer] 30 mol% [Cer]

BIOMEDICAL

EUROSCIENCE

INSTITUTE

50 mol% [Cer]

v
¢ 200 ¢ 300 400 500 ¢ 600 ¢ 700 800 time [s] —
’ tH x res W 1
5 % £ 'y E 3 . ¥ Y ®hoo
: -
) .._..-n.—-'"‘r-.h-\r---ﬁ“‘\fL -‘:_ W
’ l—____.--_n,.-‘_.l" o "'l.l'"-._‘-__. y C 3
i — o
™ v ~S—— é_ ?
s S —0
+—domain crystallization linear domain growth contact
: between
circula 1st border undulation 2nd border undulation domain
relaing curvature constant border curvature borders

lattice formation /
centre distances increase

hexagonal lattice /

centre distances decrease

border distances ... decrease

..decrease fast

... decrease slow

inter domain energy ... increases

..increases fast

... InCreases

domain movement ... uncoupled

.. rotationally coupled—

... laterally coupled—

lag-time

slow
hydrolysi

beginning and 15! part
of steady-state reaction

2™ part and ending
of steady-state reaction

rate fall and
reaction halting
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OTF: Object/Optical Transfer Function

Myoglobin in Action |Picosecond Laue Crystallography Diffraction Data
Schotte et al (2003) Science

Opject OTF Opject mage OTF1  OpjectMogel

Phe29  Bhelix

= ‘_' /

1-ps laser pulse

MbCO

L Cryo™. rrystal 5
“stream: i
Stream’
150-ps ™
Xray pulse ., 4
\v</) G i =
ol P diffraction | MARCCD
= = T AREH detector
H patem | @y32.5mm
X-ray 11 ]
collimator gk 1
=13
goniometer /
head X-ray beamstop
. 50 mm

.
rotation axis o, ; ; H helix

5 / . T before phetalysis

Fheix .. @ @ after photolysis

[
100 ps — "~ 1A

http://www.youtube.com/watch?v=InKIBZYarzM
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Diffraction Limited Resulution for a 10m telescope — A/D — 0.01 arcsec
is limited to — 0.5 arcsec by the turbulent atmosphere.

Object OTF Object ! mage OTF1 Objectl\/lodel

The VLT Platform at Paranal
{Evening of November 25, 2001)

2.3 arcsec
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Scientific mage Analysis

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

Object OTF Object ! mage OTF1 Objectlvlodel

Hubble

The VET Platform at Faranal
{Evening of November 25, 2001)
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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.

Object OTF Object ! mage OTF1 Objectl\/lodel

Uptical aixs

Za
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E Seeing is believing? Alison J. Morth, The Journal of Cell Biology, Vol. 172, No. 1, January 2, 2006 9-18

THE JOURNAL OF CELL BIOLOBY

Seeing is
believing?

A beginners’
guide fo
practical pittalls
in image
acquisition
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The objective lens is the

most critical component
of a microscope and yet

few researchers grasp
the differences between

specific objective classes.

AIRET G| MU FErod e any g e]

“When you employ the
microscope, shake off
all prejudice, nor
harbour any favorite
opinions; for, if you
do, ‘tis not unlikely
fancy will betray you
into error, and make
you see what you wish
to see.” Henry Baker,
chapter 15, "Cautions in

viewing objects” of The

Microscope Made Easy, 1742.

Keep the acquisition
settings constant
between specimens to bhe
compared gquantitatively
and particularly between
sample and control.

“Remember that truth

alone is the matter that
you are in search after;
and if you have been

mistaken, let not vanity
seduce you to persist in
your mistake.” Henry

Baker, The Microscope Made

Easy, 1742.
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Hans Janssen (1595), ....
Galileo Galilei (1610)
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Scientific Image Analysis

Luminescencia: Interacciones ...

e Intra- e inter moleculares ...
- Fluorescencia At — 10-8s producen cambios
- Fosforescencia A4t — 103-100s

e espectrales

e tiempos de vida
e polarizacion
e intensidad ...

« at -

AN +° o iV A VAN

Absorcion /Z Excitacion Emission
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Vo o Energia de un foton: (~1-5eV)
EH PH TH GH
’ ’ ’ ’ E=hv=hcAl|c=vA
B — v, frecuencia [s]
MeV keV eV h, constante de Planck [6.626 1034 Js]

A, longitud de onda [m]
c, velocidad de luz [~3 108 ms]

vy | X | UV IR MW | RW Energia molecular:
E=Eq + B + Eq
1 ;103 : 50-1083
Internal Valenz Vibration Rotation ESR/ Enerma termica
s Heeones Volecules T E=KkT (~25102eV, T ~20°C)

= k = Constante de Bolzmann (0.86 10 eV/K)
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Scientific Image Analysis I -

Transiciones: » Con radiacion Niveles: —— vibracionales

sin radiacion | -> calor — electronicos

-> transferencia de energia (FRET)
-> radicales ... STED

{ 1012g
1 N\Pv" — AE(‘I’V‘,‘PV")
| Conversion interna = €EXPy — —
— N, kT
3 - 10-8s
v A
T $— - - - - - = = e m = om o= }.
Intercombinacion Tl '_*
PR :
- 106 - 1s

10-15s Absorci

109-10-8s Fluorescencia

I,.n‘

5

:

106 - 1s Fosforescencia

3
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Scientific Image Analysis

Frank Condon :
/\ ‘Transiciones entre niveles

electronicos ocurren mucho mas

kv n —~—= rapido que movimientos de nucleos
L. bleculares.
4 v, _ moleculares.
/ /é V=5 L
(>5 P\ "'5 V' (masaelectron/ masa,iom- 1: 2000)
1
2 | | S g |
= a -=> Mirror Image Rule
b
LL]
'_l-F‘-—_._—.—'_—-
e
\ o )
\ A7, 3 Stokes (Shift) :
VYous \ /f'*x A :}Q- v" ‘La energia de emision es menor a
B \ — 2 la energia de excitacion.
S 1

Vozg —5<= 0

Distance [r]
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“Principles of Fluorescence Spectroscopy” Chapter 1

|-> Polarisation ...

|-> Steady-State and Time-Resolved Fluorescence...
|-> Resonance Energy Transfer ...

|-= Quenching, Bleaching ...
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Detector (PMT)

Emission filter
Pinhole

Dichroic mirror
Beam expander

Laser

Microscope objective

Focal plane

Background - A

/

Detection volume

EUROSCIENCE

Q‘%ff\: 4
e
5
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Scientific Image Analysis

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

| Best localization: confocal microscopy

Z

focal xy plane

convencional

/

confocal

Optics: Zhenll Huang
Photography: Ciceron Yanez
Date: Oct. 25, 2006
University of Central Florida

B e
IOMEDICAL S
v .-: K . - I(:\I\’

EUROSCIENCE /
INSTITUTE

Fluorescein
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Ernst Abbe
1840 - 1905

Resolution — A / 2 — Full Width at Halft Maximum (FWHM)

Obj: 63Xw NA1.2 ex488 em520
sd: 00896776
chisq: 347710e-009
FWHM: 0211175

I
QL
=

@

o

&£
2

=
L
w
o

00 02
xy-Distance [um]




~ |-> Beyond diffraction

M Goeppert-Mayer M Gustafson S Hell E Betzig
1906-1972 1960-2011 MPI1 Go6ttingen Janelia Farm
BIOQUANT Hdg

FWHM(xy) — A/2

1318181018
110101810
FRIRIRIRIS
110101010
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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
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INSTITUTE (
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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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immersion oil object
i
P
|
1 nz N4
00 05 10 15 20 25
Z[um]
/ ]
objective objective
lens lens
- e e B | |-=

00 05 10 15 20 25
#um]

§q4 S9 53 Sy

00 05 10 15 20 25
z[um]

4Pi-Confocal Imaging in Fixed Biological Specimens L

Martin Schrader,” Karsten Bahlmann,” Giinter Giese,” and Stefan W. Hell*
Biophysical Journal Volume 75 October 1998 1659-1668
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Scientific Image Analysis

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



@ Laboratory for

) |-> Atomic Force Microscopy

Scientific mage Analysis

AFM allows the investigation of
structural and functional
properties of biomolecules In
liquid environments, by a
unigue combination of :

mirror >
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e subnanometer spatial resolution

e millisecond temporal resolution

e piconewton force sensitivity
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M Grandbois et al. (1998) Biophys J.
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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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./ |-=> Deconvolution o |
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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LEO-Lab/SCIAN-Lab ... (Hartel et al. 2007 Computational Modelling of Objects Represented in Images. Fundamentals, Methods and Applications)
Morpho-genetic mechanisms — interplay of form and function. .
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£ £ 28
%,%%%ﬁ%,% At T = 20 °C: Fluid phase is formed by DLPC 12:0 PC (1,2-Dilauroyl-
% sn-Glycero-3-Phosphocholine) + 0.5 mol% BODIPY-PC.
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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
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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
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—
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http://support.svi.nl/wiki/NyquistCalculator



PSF: Point Spread
Function

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

N: Noise Function
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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:\/%:\/;
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.
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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.
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150
Pixels

0 50 100

Undersampling

The ‘Nyquist /Shannon Theorem* or ‘Sampling Theorem* for the
digital sampling of analogue sighals 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
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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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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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I11. Deconvolution

. Image Adquisition
I.a]-> Fundamentos de la microscopia confocal

I.b]-> Fundamentos de la fluorescencia
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