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Informaciones en:
-> www.scian.cl

-> courses

-> 2018 Curso PIB 

Notas:
Prácticos (25%)

Seminarios (25%)

Examen Final (50%)

4 Grupos a 6 Cabezas:
- Seminarios Prácticos 

10 min presentación por cabeza !!!

- Seminarios Bibliográficos

10 min presentación + 

10 min preguntas y discusión

http://www.scian.cl/
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Basic Science

FONDECYT
CONICYT

Institutes

ICM / ICBM

Scientific Platforms

FONDEF 
CORFO

Human Capital Formation &
Research in Medical Informatics 

DAAD / DFG / STIC-AMSUD / NIH

SCIAN-Lab Members

PIs ●● Biophysics / Computer Science
PostDocs  / Young Academics     ●●●●● Biology / Computer Sc / Electric Engineer / Mathematics 
PhD - students                ●●●● Computer Sc / Electric Engineer / Biochemistry 
Master - students            ●●●●●… Medical Technology / Electric Engineer / Medical Informatics
Undergraduate               ●●●● Computer Science/Biology
Research – Assistants       ●●●●● Medicine / Computer Sc / Electrical Engineer / Biology
Technicians       ●●● Biotechnology / Labtechnician / Administration



Diseño de un modelo de PRESTADORES DE SALUD en Chile. 
InnovaChile/CORFO Bien Público Estratégico de Alto Impacto.

TERMINOLOGÍA FARMACÉUTICA CHILENA. 
InnovaChile/CORFO Bienes Públicos Estratégicos.

EXZELLENZZENTRUM SANTIAGO DE CHILE-HEIDELBERG I y II:
Center of Excellence for Innovative Research and Education
Medical Informatics, DAAD 2009/2014 y 2014/2019

CHIP / PAGEL: CHILEAN HEALTH INFO AND PROCESS CHALLENGE
Partnerships for the Health Sector in Developing Countries. DAAD: 2016 – 2019

2017 Healthier World Challenge Grant, Johns Hopkins University

-> FONDECYTs como PIs / 3 FONDECYTs como CO-Is, Anillos, …
-> Telemedicina HCUCH/CIMT.
-> CENS: Centro Nacional en Sistemas de Información en Salud.

-> 2 Cursos Anuales Pregrado Medicina en Informática Medica y Telemedicina.
-> Cursos e-learning, histopatología virtual U-Chile-UMAG.
-> Escuelas de Verano y Diplomas en Informática Medica.
-> Tercera generación del Magister en Informática Medica 2018:

https://youtu.be/L2rQNpKfuOw

https://youtu.be/L2rQNpKfuOw


IPOL

Colocalization
2017 Frontiers Molecular Neuroscience
2015  Gene
2014  Chromatine Research
2014  Frontiers Molecular Neuroscience
2012  PLosOne
2011  JBC
2011  Arthritis & Rheumatism

- Image Processing & Microscopy
2D/3D · Morpho-topology, Motion estimation, Tracking
2018 Immunobiology
2017  Brain
2017  Nature Communications
2017  Developmental Dynamics
2016  Journal of Physics: Conference Series
2016  Cell Reports
2016  Pathogens and Disease
2015  Acta Tropica
2015  J of Clinical and Experimental Pathology
2015  The American Journal of Tropical Medicine
2014  Current Molecular Medicine
2014  Medical Image Analysis
2013  Development
2012  European Biophysics Journal 
2012  PLosOne
2011 J Microbiol Methods …

2018 PLOS Medicine
2018 Computer Physics Communications
2017  Computers in Biology and Medicine I y II
2016  Computers in Biology and Medicine I
2015  Science Translational Medicine
2015  IPOL
2013  IEEE Transactions on Pattern Analysis …
2013  Biological Cybernetics
2013  Reproduction, Fertility Development
2012  Machine Vision Applications

- (Bio)Medical Informatics
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Very Large Telescope (VLT),  

4 Telescopes, 8m, 2600 m

Atacama Large Millimeter/submillimeter

Array (ALMA), 66 Antenna, 5000 m

E-ELT European 

Extremely Large 

Telescope, 39 m, 3000 m

vvv www.scian.cl
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Extraterrestrial Monster Science produces: 

TeraB, PetaB, ExaB, ZettaB, YottaB

… Tera is a unit prefix

in the metric system

denoting multiplication

by 10E12 or

1.000.000.000.000 !

… Tera is derived from

Greek τέρας (teras),

meaning “monster”.

… Tera was confirmed

for use in the SI in

1960…. Wiki !

vvv www.scian.cl



Comité Académico / Advisory Board
F-Med, HCUCH, ICBM, REUNA, INC/GOCCI, NLHPC

Servicios

Área Diagnóstico y Tratamiento 
Computarizado

Rodrigo Assar (Subdirector), Mauricio Cerda, 
Paulina Ruiz, Jocelyn Dunstan

Área Gestión de Información en 
Salud

Paulina Pino (Subdirector),  Rodrigo Martínez, 
Sandra de la Fuente, Stefan Sigle

Área Telemedicina
Víctor Castañeda (Subdirector), María 

Loreto Rodríguez, Patricia Gómez, Eugenia 
Díaz, Jimena López

CIMT
Centro de Informática Médica & Telemedicina

Director/Subdirector Steffen Härtel / Mauricio Cerda 

Investigación y Desarrollo

Unidad Formación de Capital Humano / e-Learning (F-Med): Double Degree MIM, Diplomados, Summer Schools, Apps  …

Unidad Living Lab (HCUCH): Espacio para investigación e innovación en escenarios reales …

Unidad Centro de Dato (F-Med, STI, NLHPC): Investigación y Servicios de Almacenamiento y Procesamiento de Datos BioMed-HPC 

● El Centro… www.cimt.cl

http://www.cimt.cl/


Students  - Postdocs  - Young investigators  - Clinicians  - Entrepreneurs

Advanced instrumentation   - Animal facilities  - Communications & events  - Scientific & innovation

Image and signal processing 

Biomedical informatics & telemedicine 
Biomathematics  

Neuropathology 

Applied 
Neuromedicine 
&
Technology  

Psychiatric diseases (Schizophrenia)

Neurodegenerative disease (ALS, Parkinson, Alzheimer)

Sub-cellular
functional 
dynamics

Cellular
function 
& morphology

Supra-cellular
development 
& networks

Plasticity 
& behaviour

Systems  
neuroscience 

Clinical
studies  

● El Instituto … www.bni.cl

http://www.bni.cl/


● Spin off y Servicios 



VirtualMicro: vm.scian.cl

Primera iniciativa en Chile de
plataforma virtual para enseñanza en
histopatología.

Aplicado en tres Universidades
Chilenas, el Salvador, Brazil.

 Implementación rápida y concor-
dante con los requerimientos de los
usuarios.

 La plataforma de MV apoya en forma
efectiva la docencia universitaria.



Bienvenid@s a REDECA

REDECA provee apoyo tecnológico, acceso y acompañamiento en el uso de servicios y
equipos avanzados. Usuarios de la institución y externos pueden solicitar asistencia para la
selección de servicios o equipos adecuados a sus desafíos experimentales, el
almacenamiento y el análisis de sus datos.

¡ REDECA… haz ciencia con nosotros !

redeca.med.uchile.cl



Beneficios …

… para el usuario de equipos y servicios

… fácil acceso a equipos, soporte técnico y diseño experimental.  

… fácil cotización, facturación y traspaso interno.

… apoyo formulación de proyectos de investigación y equipamiento. 



SCIAN-Lab: BioMedHPC connects via 10 Gbps F-Med, FCFM, STI, REUNA +



La geometría es como un 
teclado de lenguajes …

… curvas, regulares o no, 
rectas, ángulos, 
circunferencias, arcos …

… son los pocos elementos 
universales con que se 
puede expresar todo !!!!

Joaquín Torres García

Uruguayo, pintor y pensador,

Montevideo, Barcelona, París, NY …

PENSAR ES GEOMETRIZAR



morfología

topología

UNIVERSALISMO 
CONSTRUCTIVO

tiempo



Castañeda et al 2014

vvv ... www.scian.cl





Miguel Concha
Biología del Desarrollo



Castañeda et al 2014

Miguel Concha
Biología del Desarrollo
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Morpho-genetic mechanisms, form, function in developmental biology

Transgenic flh::GFP
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Kass M. et al (1988) Int. J. Comp. Vis. 1:321-331.
Xu & Prince (1998) Signal Processing 71: 131-139.

Original Data Deconvolved Data 
(www.svi.nl)

Hand drawn contour                     Snakes

2D 3D 
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morphology

topology
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26                    28                    30                      32                     34                                38 time (hpf)

box hight

box width

box entropy

box model

box elongation

box length

box flatness
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26 hpf 32 hpf 38 hpf

Similar for -tubulin,
γ-tubulin,
Phalloidin,

ZO-1

apical

basolateral







Scian/Leo-Lab: Perkin Elmer Spinning Disk with laser ablation
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SCIAN-Lab Leica TCS LSI Super Zoom Spectral Confocal  + Superresolution Optical Fluctuation Imaging SOFI



Scian/Leo-Lab: Perkin Elmer Spinning Disk with laser ablation

SCIAN-Lab Leica TCS LSI Super Zoom Spectral Confocal  + Superresolution Optical Fluctuation Imaging SOFI

Couve-Lab PALM Vtarar 200, Bliplane 3D



Jörg Enderlein

Gôttingen

Dertinger et al 2009 PNAS COS7 myc-GABABR1 conjugados con QDots 525 nm

Mayor Challenges:

- vibrations

- computational backbone

- sustainability



Ulrich Kubitscheck

Bonn

Jan Huisken

Dresden

Pulgar, Keller, Concha, unpublished



Pulgar, Keller, Concha, unpublished



Natural Chilean compounds
Preclinical models

Hetz-Lab: Drug Discovery

High Speed Whole Slide 
Imaging 

Digital Patholoy

Quantitative Microscopy

Medical Education &
Outreach

SCIAN-Lab: Digital Pathology

R&D: Applied Science

Impact on Health System

Impact on Public Opinion
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I. Image Adquisition

II. Deconvolution

III. Segmentation

IV. Analisys
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I. Image Adquisition

II. Deconvolution

III. Segmentation

IV. Analisys

I.a|-> Fundamentos de la microscopía confocal

I.b|-> Fundamentos de la fluorescencia
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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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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



vvv

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



vvv |-> Microscopy
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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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

Energía de un fotón: (~1-5eV)

E  =  h  =  hc-1 |  c  =   
, frecuencia [s-1]

h, constante de Planck [6.626 10-34 Js-1]

, 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 mµm



10 10 10 cm 109 6 3 -1 -3


_

EHz PHz THz GHz



MeV keV eV

E

 X UV IR MW RW

Vibration RotationValenz

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






 








kT

E

N

N vv

v

v )'','(

'

'' exp = 

x/y

z

|-> Jablonski Diagram
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E
N

E
R
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
www.scian.cl -> Courses -> Optics, forces & development | Santiago de Chile 14-29 de 

Enero 2013, Facultad de Medicina, U-Chile |

|-> Quenching, Bleaching ...

|-> Polarisation ...

|-> Steady-State and Time-Resolved Fluorescence...

|-> Förster Resonance Energy Transfer ...

Sekar and Periasamy (2003) FRET microscopy imaging, JBC, Volume 160, Number 5, 629–633

Feige et al (2005) PixFRET, an ImageJ plug-in for FRET calculation which can accommodate variations in 
spectral bleed-throughs MICROSCOPY RESEARCH AND TECHNIQUE 68, 51–58

Vogel et al (2006) Fanciful FRET. Cell Signaling Technology

http://www.scian.cl/
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http://www.leica-microsystems.com/science-lab/confocal-microscopy-optical-path/

Rebanada óptica en µm, modificable según Airy units del pinhole

|-> Diffraction limited Microscopy
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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
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Huang et al, Cell 2010

|-> Diffraction limited Microscopy
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vvv |-> Beyond diffraction

2-photon                 SIM                       STED                     4- PALM

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

M Goeppert-Mayer     M Gustafson                      S Hell                                 E Betzig 

1906-1972                1960-2011                   MPI Göttingen                       Janelia Farm

BIOQUANT Hdg



vvv |-> PSF overview

Schermelleh et al 2010 JBC
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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



vvv |-> PSF
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exc

Stokes: exc < em

?
exc

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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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

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
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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)







 






 

:)()(.3

:.2

,.1

!
),(

2

continuousGaussdiscretePoisson

ppcounting

psdp

e
p

pP
p

P

p

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

|-> Noise



vvv |-> Noise
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Gauss RayleighGamma

Exponential Uniform

|-> Noise
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5.7

229

2




II
SNR

10

200

2




II
SNR

27

139

2




II
SNR

|-> 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

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:

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
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4. Use the right inmersion setup !

n1 = n2 !

Keep refractive index / index of refraction constant !

|-> Resumen III



vvv

I. Image Adquisition

I.a|-> Fundamentos de la microscopía confocal

I.b|-> Fundamentos de la fluorescencia

II. Fundamentos de la Deconvolution

|-> Resumen 

Para prufundizar: ver literatura en la página,
prepasos y practicos !


