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Informaciones en: 

-> www.scian.cl 

-> www.scian.cl/mim 

 

Notas: 

Prácticos (25%) 

Seminarios (25%) 

Examen Final (50%) 

 

5 grupos a 3: 

- Seminarios Prácticos  

20 min presentación y pyd 

- Seminarios Bibliográficos 

20 min presentación +  

20 min preguntas y discusión 

http://www.scian.cl/
http://www.scian.cl/mim
http://www.scian.cl/mim
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Basic Science 
 
 
FONDECYT 
CONICYT 
 
50 M$Ch 
100 kUS$ / year 

Basic Science 
 
 
ICM 
 
60 M$Ch 
120 kUS$ / year 

R&D 
 
 
FONDEF  
CONICYT 
 
110 M$Ch 
220 kUS$ / year 
 

Human Capital Formation 
Medical Informatics  
 
DAAD / DFG 
 
60 M$Ch 
120 kUS$ / year 

 
PI  ● Biophysics 
PostDocs                    ●●● Biology / Computer Sc / Electrical Engineer 
PhD - students                 ●●●● Computer Sc / Electrical Engineer 
Master - students             ●● Medical Technology / Electrical Engineer 
Undergraduate                ● Computer Sc 
Research – Assistants        ●●●●●  Medicine / Computer Sc / Electrical Engineer / Biology 
Technicians         ●●● Biotechnology / Labtechnician / Administration 

www.mascienciaparachile.cl 
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| Curso de Postgrado | 
Procesamiento de Imágenes y Bioseñales 

18.08 –  22.12 | 2012 

Steffen Härtel, SCIAN-Lab, BNI, ICBM 
Programa de Anatomía y Biología del Desarollo,  

Facultad de Medicina,  
Universidad de Chile, Santiago, Chile 
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I. Image Adquisition 

II. Deconvolution 

III. Segmentation 
IV. Analisys 
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I. Image Adquisition 
 
I.a|-> Fundamentos de la microscopía confocal 
 
I.b|-> Fundamentos de la fluorescencia 

II. Deconvolution 

III. Segmentation 
IV. Analisys 
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Richard Feynman (1918-1988)  
 

“It is 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.“ 
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René Descartes (1596-1650)  
 

Passions of the soul  (∼ 1649) 

... just look at the thing … 
¿ Human visual perception ? 

Treatise of man (∼ 1637) 
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glandula pinealis / pineal organ 

2| signals from other senses ... 

A combination of ... 

1| direct signals ... 

3| feedback loops ... 

... produce a symbolic 
representation of an object. 
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|  Best resolution in t & x … ||  Humas vs machine vision 
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 d: t = 975 s  a: 10 mol% Cer, t = 0 
s 

 c: t = 570 s  b: t = 400 s 
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OTF: Object/Optical Transfer Function 
Myoglobin in Action |Picosecond Laue Crystallography Diffraction Data  
Schotte et al (2003) Science 

Object ObjectModel OTF-1 ObjectImage OTF 

http://www.youtube.com/watch?v=lnKIBZYarzM 



vvv 

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

Object OTF-1 ObjectModel OTF ObjectImage 

2.3 arcsec 
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OTF-1 ObjectModel 

Diffraction Limited Resulution for a 10m telescope ~ λ/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 ObjectModel Object OTF ObjectImage 
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del patrón 
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del patrón 
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del patrón 



vvv 

Hans Janssen (1595), .... 
Galileo Galilei (1610) 

|-> Microscopy 
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Interacciones ... 
• intra- e inter moleculares ... 
 
producen cambios ...  
• espectrales 
• tiempos de vida 
• polarización 
• intensidad ... 

- Fluorescencia 
 - Fosforescencia 

Luminescencia: 

∆t ~ 10-8s 
∆t ~ 10-3-100s 

Absorción / Excitación 

←     ∆t    → 

Emissión 

|-> Fluorescencia I 
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λ 

Energía de un fotón: (~1-5eV) 
 

E  =  h ν =  hcλ-1  |  c  =  ν λ 
ν, frecuencia [s-1] 
h, constante de Planck [6.626 10-34 Js-1] 
λ, longitud de onda [m] 
c, velocidad de luz [~3 108 ms-1] 
 
Energía molecular: 
 

E =  Erot  +   Evib   +  Eel 
         1        :    103        :   50·103 

 
Energía térmica: 
 

E = k T  (~2.5 10-2 eV, T ~20°C) 
k = Constante de Bolzmann (0.86 10-4 eV/K) 

pm nm mm m µm 
λ 

10 10 10 cm 10 9 6 3 -1 -3 

ν 
_ 

EHz PHz THz GHz 

ν 

MeV keV eV 

E 

γ X UV IR MW RW 

Vibration Rotation Valenz 
Nucleus 

Internal 
Elecrtrones Molecules 

ESR / 
NMR 

300nm                             700nm 

|-> Fluorescencia II 
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Intercombinación 

10-8s 

10-6 - 1s  

Transiciones:           con radiación                   Niveles:                vibracionales  

                                  sin radiación |     -> calor                             electrónicos   

             -> transferencia de energía (FRET) 

                                                           -> radicales ... STED 

10-9-10-8s Fluorescencia 

10-6 - 1s Fosforescencia 

10-15s Absorción 

10-12s 

Conversión interna 
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|-> Jablonski Diagram 
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EN

ER
G

Y 

Distance [r] 

Frank Condon : 
‘Transiciones entre niveles 
electrónicos ocurren mucho mas 
rápido que  movimientos de núcleos 
moleculares.‘ 
(masaelectron / masaatom: 1 : 2000) 
 
-> Mirror Image Rule 

Stokes (Shift) : 
‘La energía de emisión es menor a 
la energía de excitación.‘ 

|-> Franck Condon 
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vvv |-> Joseph R. Lakowicz 

“Principles of Fluorescence Spectroscopy” Chapter 1 
 
|-> Polarisation ... 
|-> Steady-State and Time-Resolved Fluorescence... 
|-> Resonance Energy Transfer ... 
|-> Quenching, Bleaching ... 
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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.  

|-> Diffraction limited Microscopy 



vvv |-> Diffraction limited Microscopy 

PSF =  |U|2 = f( J0 ) 

U, Integral de Difracción de Kirhoff 

J0, Serie de funciones de Bessel 

Óptica no-geométrica /  

Teoría de difracción  
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|  Best localization: confocal microscopy 

convencional     /         confocal 

focal xy plane 

z 

380 nm 

780 nm 

Fluorescein 

|-> Diffraction limited Microscopy 



vvv |-> Diffraction limited Microscopy 

Resolution ~ λ / 2 ~ Full Width at Halft Maximum (FWHM)  

Ernst Abbe  
1840 - 1905 

FWHM 
 
 



vvv |-> Beyond diffraction 

   2-photon                 SIM                       STED                     4-π                     PALM 

FWHM(xy) ~ λ/2          ~ λ/4               ~ λ/∞              ~ λ/4              ~ λ/100 

M Goeppert-Mayer     M Gustafson                      S Hell                                 E Betzig  
1906-1972                1960-2011                   MPI Göttingen                       Janelia Farm 
                                                                  BIOQUANT Hdg 
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spinning disk     confocal 

|-> Spinning Disk 
 



vvv |-> 4π Microscopy  
 



vvv 

STED Microscopy 

Stimulated  

Emission 

Depletion 

|-> STED 
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AFM allows the investigation of 
structural and functional 
properties of biomolecules in 
liquid environments, by a 
unique combination of :  

• subnanometer spatial resolution 

• millisecond temporal resolution 

• piconewton force sensitivity 

|-> Atomic Force Microscopy 
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M Grandbois et al. (1998) Biophys J. 

|-> Atomic Force Microscopy 
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Z 
X 

Y 

X 

|-> PSF 
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λexc 

Stokes:        λexc <  λem 
               

? 
λexc 

Stokes:        λexc <  λem 
 

|-> Convolution 
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λem 

λexc 

Stokes:        λexc < λem 
        n(λexc)  > n(λem) 

|-> 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 



vvv |-> Deconvolution 

Transgenic flh::GFP 

LEO-Lab/SCIAN-Lab … (Härtel 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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vvv |-> Deconvolution 

At T = 20 ºC: Solid Gel or S0 phase is formed by DPPC 16:0 (1,2-
Dipalmitoyl-sn-Glycero-3-Phosphocholine) + 0.5 mol% DiIC18.   

At T = 20 ºC: Fluid phase is formed by DLPC 12:0 PC (1,2-Dilauroyl-
sn-Glycero-3-Phosphocholine) + 0.5 mol% BODIPY-PC.  

DPPC 

DLPC 



vvv |-> Deconvolution 

z = 17.86 µm 

z = 7.41 µm 

z = 16.18 µm 

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 µm holes         patches 



vvv |-> Deconvolution 

26hpf   
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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  

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

|-> Deconvolution 
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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 

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

|-> Pinhole 
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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  

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

|-> Pinhole 



vvv 

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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ppcounting
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e
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P

p

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

|-> Noise 
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Gauss Rayleigh Gamma 

Exponential Uniform 

|-> Noise 
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5.7
229
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σσ
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===

σσ
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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 ≥ 2ν  ? 
 
       ! 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 

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

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

|-> PSF calculator 
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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  

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

|-> PSF calculator 
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Snell‘s Law: 

sinΘ1 n1 = sin Θ2 n2 

 

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

 

Index of refraction: n = (ε· µ)1/2 = c/v, 

ε electric permittivity and µ magnetic permeability. 
 

ε2· µ2 

ε1· µ1 

|-> Snell‘s Law 
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Refractive Index: 

RI = n1/n2 = v2/v1 

Snell‘s Law: 

sinΘ1 n1 = sin Θ2 n2 

n = n(λ) ! 

 
•  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 · sinΘi = nk · sinΘk  

      n = n(λ) ! 

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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I. Image Adquisition 
 
I.a|-> Fundamentos de la microscopía confocal 
 
I.b|-> Fundamentos de la fluorescencia 

II. Deconvolution 

III. Segmentation 
IV. Analisys 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72

