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CURSO DE POSTGRADO
Procesamiento de Imagenes y Biosenales | & I

ORGANIZACION: Inicio: 23 de Agosto del 2014
Steffen Hartel, SCIAN-Lab, www scian ¢

LUGAR:

Laboratorio de Pri iento de Imég Cienfificas SCIAN-LaD,

Diente A, Programa de Anatomia y Biologia del Desarrolio, Instituto
de Neuroclencias Biomédicas (BNI), ICBM, F-Med, U-Chile

PROFESORES
PARTICIPANTES:

Dr. Steffen Hartel

Dr. Omar Ramirez
Dr. Néstor Sepiiveda
Dr. Victor Castafieda
Dr. Mauricio Cerda
Dr.(c) Jorge Jara
Dr.(c) Fellpe Santibafiez
Dr.(c) Jorge Toledo
MSc. Susana Vargas
Dr. Enzo Brunetti

Dr. Takeshi Asahl

Centro de Espermiogramas Asistidos por Intemet, CEDAI-
Spa, Centro de Pathologia Digital (CPD), Laboratorio de
Neurosistemas, SCIAN-Lab, F-Med, U-Chile

« Laboralorio de Modelamiento en Imagenes Clentificas y
Visualizacion, Centro de Modelamiento Matematico |
Facultad de Ciencias Fisicas y Matematicas, U-Chile

DESCRIPCION | OBJETIVOS:

= Fundamentos de microscopia ptica

= Conceplos de microscopia dptica masiva y subdifraccion (stper-resolucion)

= Andlisis de estructuras en imagenes digitales.

= Interpretacion de informacion morfoibgica, topolbgica y dindmica en imégenes biolégicas y biomédicas

ACTIVIDADES e X T
Clases presenciales, practicos de microscopia y procesamiento de imagenes, seminarios dentro del marco de L% gl e M 5
los practicos y seminario bibliografico w " I SIS s
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Informaciones en:

->

Members Research Publications Education Online Processing

Procesamiento de Imagenes y Biosefiales I & II

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

Examen Final (50%)

23 de Agosto - 11 de Diciembre 2014, SCIAN-Lab, Facultad de Medicina, U-Chile

CURSO DE POSTGRADO
Procesamiento de Imagenes y Biosefales | & 1|

2014 Curso PIB

ORGANIZACION:

Inicio: |
St Pl SC AN et cio: 23 de Agosto del 2024

LUGAR:
MSc Informatica Medica Ladoratorio de Procesamiento de Imagenes Clenficas SCIAN-Lab,
Diente A, Programa de Analomia y Biologia del Desarrolo, Instiuto
de Neurociencias Bioméaicas (BN), ICBM, F-Med, U-Chile

2006 Curso 3D-Microscopy AR " PROFESORES
I S s PARTICIPANTES:

S grupos a 3:

. Steffen Hartel
v. Omar Ramirez

2007 Curso 3D-Microscopy D
(2]
Dr. Néstor Sepliveda
Dy
D

II

- Seminarios Practicos

r. Viclor Castaiieda
2007 Curso Colocalization . Mauricio Cerda
Dr.(c) Jorge Jara

~ s Dr.(c) Feiipe Santibdnez
2007 Curse MicroscopAa i D,:Cj.,w;,oy(ﬂo
MSc. Susana Vargas
Dr. Enzo Brunetti
Dr. Takeshi Asahi

2008 Curso Colocalization Nt ,’;' ‘ £ - W = {Ricd =0 = Seminarios Bibliogréficos

2008 Curso Microscopia e N A 2 '{; = Centro de Espermiogramas Asistidos por Internet, CEDAI-
& y . X Spa, Centro ge Pathologia Digial (CPD), Laboratorio de

Neurosistemas, SCIAN-Lab, F-Med, U-Chie
« Laboratono de Modelamienio dgenes Clenlificas y
Visualzacion, Centro de M 0 Matematico |
2011 Curso MMIMB Facultad de Clencias Fisicas y Matemébcas, U-Chile

20 min presentacion !!!

2008 Curso Fotografi\.a

20089 Curso Colocalization

20 min presentacion +

DESCRIPCION /| OBJETIVOS:
2011 Curso Bicinformatica = Fundamentos de microscopia optica

Conceplos de MiIcroscopia oplica masiva y SubAITaccion (siper-resolucion)
Andbsis de estructuras en imagenes dialtales

20 min preguntas y discusion
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ICBM | Facultad de Medicina, U-Chile

Dr. Steffen Hartel SCLAN-Lab, Programa de Anatomia v Biologia del Desarrollo (PABD)
Dr. Enzo Brunetti, Laboratoric Meuro-Sistemas

Dr. Omar Ramirez, SCIAN-Lab, PABD

Dr. Victor Castaneda, SClAN-Lab, PABD

Dr. Mauricio Cerda, SClAN-Lab, PABD

Dr. Nestor Sepulveda, SCIAN-Lab/BNI, PABD

Dr.(c) Jorge Jara, SCIAN-Lab, PABD

Dr.(c) Jorge Toledo, SClIAN-Lab, PABD

Ing. Felipe Santibanez, SCIAN-Lab

M5c. Susana Vargas, Centro de Espermiogramas Asistidos por Internet CEDARSpa, SClAN-Lab

CMM | Facultad de Ciencias Fisicas y Matematicas (FCFM), U-Chile
Dr. Takeshi Asahi, Laboratorio de Modelamiento en Imagenes Cientificas y Visualizacion(MOTN) v Centro de
Modelamiento Matematico (CMM)
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.. UNIVERSITAT
@5 HEIDELBERG

HEIDELBERG CENTER
LATEINAMERIKA

\

Universidad de Chile

Basic Science R&D Human Capital Formation Basic Science
Medical Informatics

FONDECYT FONDEF DAAD / DFG ICM
CONICYT CONICYT

AN 182 @@E{ﬁﬂiﬁ

& @ 8 . &
SAVZA)

SCIAN -Lab Members

Pl Biophysics

PostDocs Biology / Computer  Sc / Electric Engineer

PhD - students Computer Sc / Electric Engineer / Biology

Master - students D 0 O 0O @0 ®™edical Technology /  Electric Engineer / Medical Informatics
Undergraduate Computer Sc

Research 1 Assistants Medicine / Computer Sc / Electrical Engineer / Biology

Technicians Biotechnology / Labtechnician / Administration
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Partial differential equations

2D/3D - Morpho -topology

2014 Medical Image Analysis
2013 Development

2012 European Biophysics Journal
2011 J Microbiol Methods

2010 J Struct Biol

2010 Development

2010 Biological research

2010 BBA ¢

Motion estimation  tracking

2014 Current Molecular Medicine

2014 IPOL

2013 IEEE Transactions on Pattern Analysis é

2013 Biological Cybernetics

2013 Reproduction , Fertility Development

2012 Machine Vision Applications

2012 PLosOne

2011 Revista M®dica Chile &

IPOL

. Image Processing On Line

Cross correlation functions

Colocalization

2014 Chromatine Research

2014 Frontiers Molecular Neuroscience
2012 PLosOne

2011 JBC

2011 Arthritis & Rheumatism

2011 Biol Research

2011 Antioxid Redox Signal

2010 Journal Microscopy €

Inmaged

Image Processing and Analysis in Java

ficlmage Analysis
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Universidad de Chile

Basic Science R&D Human Capital Formation Basic Science
Medical Informatics

FONDECYT FONDEF DAAD / DFG ICM

CONICYT CONICYT
uRedes U

GCUCH

Grupo Oncoldgico Cooperativo Chileno de Investigacion

Chilean Cooperative Group For Oncologic Research 2013 -2014: U -Redes BioMed -HPC:
Red Biolmedicina Computacional Alto
Unidos America Latina US CRNBH Rendimiento

Redes: 0 Rmwedtigacion Cancer Estados

2013 -2014: Initiative Big - Data - Management,
Processing, Distribution Science Education R&D
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| Curso de Postgrado |
Procesamiento de Imagenes y Biosefales

23.08 1 11.12.2014

Steffen Hartel , SCIAN -Lab, BNI, ICBM
Programa de Anatomia Yy Biologia del Desarollo ,
Facultad de Medicina ,
Universidad de Chile, Santiago, Chile
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|. Image Adquisition
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I1. Deconvolution

lll. Segmentation

V. Analisys
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|. Image Adquisition

3 l.a | -> Fundamentos de la microscopia confocal

l.b | -> Fundamentos de la fluorescencia

W

I1. Deconvolution
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Nl ts very easy to answer many

of these fundamental biological
guestions . 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)



" e Lanorniny o BIOMEDICAL i‘%

, ® Lab y it
& FUROSCIENCE (

INSTITUTE

... just look at the thing é
¢, Human visual perception ?

Treatise of man (~ 1637)

Passions of the soul (~ 1649)

René Descartes (1596 -1650)
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glandula pinealis

/ pineal organ
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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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|| Humas vs machine vision

Best resolutionint &
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plasma membrane' lysosome

rough ER

" inner
nuclear | membrane

envelope | outer
_membrane Golgi

endosome
apparatus

Figure 12-5 Molecular Biology of the Cefl -
(© Garland Science 2008) \
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Coaprvvght © Fairion Eduoeton, e, plbinding o Besave Currwags
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Scientific Image Analysis

FUNDAMENTALES EN TRANSDUCCION DE SENALES

Lipid Raft

Glycosphingolipids
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Scientific Image Analysis

vvvvvvv

aaaaa

Outer monolayer

v
o.

lateral diffusion

(%) pidijoydsoyd

| (rarely occurs)

flip-flop

\
\
|
I
I

rotation

flexion

Figure 10-11b Molecufar Biology of the Cell (€ Garland Science 2008)
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The
STRUCTURE
of
BIOLOGICAL
MEMBRANES

Edited by

Philip L. Yeagle
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ROS, AB ROS, AB

SERINE

% SPT CERAMIDES —» SPHINGOMYELINS
T ! Wow o SMase . :?_CJ_(CH_I)'?Q,S

PalmCoA ISP-1 CH"(CH”‘TC-E—?,H_;;CWOH Ry—C—N—CH

o-¢ Hy I—O—cuzmx'«(wos
(CHan o
CHg

SREBP
Mitochondria ~ C T l
Rts HMG-CoA Fatty acid synthase
* CHOLESTEROL
Caspase 9, 3 activation ‘Y‘AT
APOPTOSIS HO o CHOLESTEROL
ESTERS

|
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Scientific Image Analysis

Langmuir trough coupled to time lapse microscopy

SM s Cer
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Fluorescence microscopy: visualization
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Raw image ROI Spline interpolation
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Raw image ROI

Parametric curve:

C=C(s,t) = [x(s,1),y(s,})]
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Spline interpolation
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ROI

Parametric curve:

C=C(s,t) = [x(s,1),y(s,1)]

Force balance:
ac
at

-

c)
e e
<~J~
n| |
St
04C 2C

BIOMEDICAL & %\
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Spline interpolation

i\

J

W

internal forces

g

image forces
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ROI Spline interpolation
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Parametric curve: Force balance:
50 04C 820

C=C(s.t) = [x(s.t).y(s.1)] Y o B ost "o fimg (C)

\ J
Y A

internal forces image forces
Force parameters: | |

o: elasticity - Bendmg - Elasticity - k'V(C)

) Vi j+1
B: bending j T _G'\éfcf;eld V(C)
v: viscosity il d

Balloon force B(C)
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Spline interpolation

©)
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CRE
610
Parametric curve: Force balance:
6C 04C aZC
C=C(S=t) = [X(S,t),Y(S,t)] at B 634 - 682 + f]mg (C)
internal forces image forces
Force parameters: — | |
o: elasticity - Bem}:ling | -uEIasticity vies - k-V(C)
B: bending V) J — GVF field V(C)

y: viscosity

- q'B(C)
Balloon force B(C)
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Scientific Image Analysis
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scientific Image Analysis
B

2 mol% [Cer] 5 mol% [Cer] 20 mol% [Cer] 30 mol% [Cer] 50 mol% [Cer]
Voo ¥ Voo ¥ :
200 300 400 500 600 700 800 time [s] —
1 (1] x res Kx L L.
228 P ¥ . ¥y S
S
PN N AV i 3 =
P - o
. T E =
- el 30l _0
«—domain crystallization linear domain growth contact g
: : : between °
circula 1st border undulation 2nd border undulation domain i
o
relaxing curvature constant border curvature borders <
(]
Q.
lattice formation / hexagonal lattice / s
centre distances increase centre distances decrease -]
=
border distances ... decrease ..decrease fast ... decrease slow %_
=
L£1]
inter domain energy ... increases ..increases fast ... increases ﬁ
<
|
domain movement ... uncoupled ... rotationally coupled— ... laterally coupled— %
=
1]
=
lag-timel®°" beginning and 1% part 2™ part and ending rate fall and 2
g-time|ydrolysi of steady-state reaction of steady-state reaction | reaction halting %
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2D - Morpho -topology
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in lipid monolayers

2010 BBA

2009 Biophysical Journal

2007 Cell Biochemistry and Biophysics
2005 Biophysical Journal

2003 Chemisty and Physics of Lipids
2002 Biophysical Journal

For enzyme -free SM/Cer monolayers, the LC domains formed cover an
area larger than expected . Cer-enriched domains at equilibrium
conditions contains about 50% of SM.

In SMase-domains present a high content of Cer, higher intradomain
repulsion and, as a consequence, star-like shaped domains, while
condensed rounded domains formed in the enzyme -free films.

lattice patterns is a
Repulsion is

The self-organization into highly ordered hexagonal
consequence of a enhanced interdomain repulsion .
lower in enzyme -free monolayers

CIQUIBIC, Cérdoba
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At T = 20 °C: Fluid phase
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raw image
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deconvolution

ROI
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active contour ROI
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Luis Bagatolli (MEMPHYS, DK)

Miguel Concha

-Chile

Facultad de Medicina, U

2D/3D - Morpho -topology
2014 Medical Image Analysis
2013 Development

2012 European Biophysics
2011 J Microbiol Methods
2010J Struct Biology

2010 Development

2010 Biological Research
2010 BBA

2009 BBA ¢

Journal




Morpho -genetic mechanisms, form, function in developmental biology

Transgenic flh ::GFP







Original Data Deconvolved Data |
(www.svi.nl) |

1

: _—
A .
% R ,'/l- . 'l_ { b
. ‘_y,‘){?’ [ i

R N -
7 g e

."-._ 5
. -"A 3

o oA
. _.._ . 2 ( .' 'A
A S - A'v%‘qe- Ny

. - -

Hand drawn eontour Snakes i

v . .' - i n 1 R ’P ""

- LA :&,"
> '_P,,a)ﬁ' ‘?\\,-J"i “ -
-t Yo 7 ) -t
. ‘ N

P . » P »
- »
Kass M. et al (1988) Int. J. Comp. Vis. 1:321 -331.
Xu & Prince (1998) Signal Processing 71: 131 -139. 2D 3D






box model N + . S
26 28 30 32 34 38 time (hpf)

0

box length I D s s —— —— E—
box hight E—— —— —— s s N B

box width I S S B I B S
box elongation I D D s S E—— EE—
box flatness I S S B I B S

box entropy
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Concept Map
Mathematical Computational Methods for Microscopic Image Analysis

Skeletonization Optical Flow Active Boundaries Mumford-Shah
mesh contraction, point clouds, parametric, implicit, motion parametric and implicit boundary Ambrosio-Tortorell, Chan-Vese,
estimation, tracking, ... models, snakes, AASM, parametric and implicit
subjective boundaries, ... functionals ...

High level image analysis tasks

Level Sets Distance Maps PDEs Meshing
PDEs, diffusion, deformation, ... Intra and inter reglon, analytical, discrete, varlacional, marching cubes, ROI stacking,
medtrics, .. finte differences, elements, refinement control,

volumes, .
Adype,

" ape Vagh Al
" Rrate Xvwy, ] Arit g L

$'ey

Mid level mathematical-computational methods

Adaptive Strategies Solvers Graph Algorithms
boundary volume hierarchy, space gradient methods, multigrid, matrix graph sampling, shortest path,
partition, surface fairing, mesh decomposition, cellular automata, minimum spanning tree, ..

collapse, compressed level sets, ... Lattice Boltzmann, ...
Wi LY e 8

Low level numerical & combinatorial algorithms

High Performance Computing
cluster, multicore processing, GPUs, ..,

Computina recoures
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OTF: Object/Optical Transfer Function

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

Object OTF Object | mage OTF-1 Object M odel

Phe29 B helix

<y

1-ps laser pulse

& VbCO
Cryo\ nrystal

stream
150-ps ™\ >
Xray pulse g < d
N Vs diffraction MAR ‘_’CD
- e patiern %etlic'oé
2 | 132.5 mm
1
X-ray 1
collimator SR
7 ~
goniometer G (
head ( X-ray beamstop
5 50 mm i Y,
rotation axis L. a B S *~ " H helix
i ! »

k! T before photolysis
e @ after photolysis

100 ps 2 A

http://www.youtube.com/watch?v=InKIBZYarzM
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Diffraction Limited Resulution for a 10m telescope ~ | /D~ 0.01 arcsec
is limitedto ~ 0.5 arcsec by the turbulent atmosphere )
NAOS creates an artificial star at 90 km altitude in the Earth ES mesosphere.

The Laser Guide Star is used to correct atmospheric effects

Object OTF Object I mage OTF-1 Object M odel

o

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

2.3 arcsec
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Diffraction Limited Resulution for a 10m telescope
is limitedto ~ 0.5 arcsec by the turbulent atmosphere.

Object OTF O bject I mage

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

~ /D~

OTF -1

BIOMEDICAL \Ij
FUROSCIENCE
INSTITUTE

0.01 arcsec

O bject M odel

Hubble
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Laboratory for

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 I mage OTF-1 Object M odel

Uptical aixs

Za
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THE JOURNAL OF CELL BIDLOGY
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Seeing is
believing?

A beginners’
guide to
practical pitfalls
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.

BIOMEDICAL &
NEUROSCIENCE
INSTITUTE

“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.”
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Henry Baker,
chapter 15, "Cautions in

viewing objects” of The

Microscope Made Easy, 1742.

Keep the acquisition
settings constant
between specimens to be
compared quantitatively
and particularly between
sample and control.




