er ta zabal zazu
@E Universidad  Euskal Herriko
del Pais Vasco Unibertsitatea

man

LN

Works on Automatic
Segmentation of Magnetic
Resonance Images of the
Human Brain

Maite Garcia-Sebastian
Basque Country University,
Computational Intelligence Group

(www.ehu.es/ccwintco)

08/10/2008




Index

< Personal introduction

+» Computational Intelligence Group

+» PhD’s topic: Automatic Segmentation of
Magnetic Resonance Images of the Human
— Brain MRI
— Review of some of the work done up to now

+ Intended work during my stay in Paisley

<+ Future work
— Early diagnostic of neurodegenerative diseases

08/10/2008 Maite Garcia



i

Personal introduction

(June, 2005) Engineer in computer science (5-year degree) in the University
the Basque Country.

(since september,2005- up to now) PhD student

* University of the Basque Country (UPV/EHU)

» Campus of Donostia-San Sebastian

» Computer science college

* Dept. of Computer Science and Artificial Intelligence (CCIA)
* Group of Computational Intelligence
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Grants A

Contracts funded by research projects of the I

gI'OU.p
(01/05/2005-31/01/2006) ~ “Implementation of  illumipatio
correction algorithms™. 7

— (01/02/2006-31/12/2006) “Image Segmentation ro 's.t.
illumination effects”. o {o

—  (24/01/2007- 01/11/2007) “Diagnostic of Multiple Scleraesis, b
MRI analysis”. ‘b

grant.
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— MRI Intensity Inhomogeneity (IIH) correc

— MR 1mage analysis for early diagnostic of} -
neurodegenerative diseases - 9158
Al

* Multiple Sclerosis
* Alzheimer’s disease

08/10/2008 Maite Garcia
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Computational Intelligence Group

(Grupo de Inteligencia Computacional)
(Www.ehu.es/ccwintco)
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Update on research lines of the // /(/
Computational Intelligence Gmup’{{\ 1

¥ Neuroimage processing: MRI image segmentation for early diagnosis of

registration.

2. Multi robot systems: design of control and perception for multi-robot syste
Current project on the design of autonomous hoses for highly unstructured
environments such as shipyards.

3. Swarm computing: application to graph colouring problem.
4. Hyperspectral image processing: emphasis on spectral unmixing analysis.of
images, with unsupervised endmember extraction from the images. . Y 3
5. Synchronization of chaotic systems with applications to encrypted '
communication. o
6. Augmented Reality (with Vicomtech): embedding information and simulated ngali
into life video for training and tourist applications. (o
7. Colour image processing: chromatic normalization for improved image | ol "l"
segmentation and analysis. “« 08 :
8. Lattice Computing: non linear algorithms based on lattice operators inf and’.sup.(r“ = p
9. Tabletop (with Innovae Vision): table like interactive surfaces for multimedia & « ’\
information points. . ,

08/10/2008 Maite Garcia 8 ¢



= (2000) “Magnetic resonance imaging «  (2007) “Development of MR imaging
using hyperpolarized helium gas as a tool analysis techniques for detection of
for the diagnosis of selected respiratory prodomal Alzheimer’s disease under a *
0 »
dzseaiesd P — friendly environment ”’
= €ader researcner: ivianue OrtIJO : P A
(Universidad Complutense de Madrid). —  Leader researcher: Maite Qarc1a-Se
—  Funding organization: European commission —  External collal?orator: J. Vlllanga
(2-years project). (OSATEK Gulpﬁchoa. The main
«  (2006) “Contributions to the diagnosis of S e e tasdu J R

Multiple Sclerosis by the Magnetic o SHpdndop oy e e
! S (2-years project).
Resonance image analysis
—  Leader researcher: Elsa Fernandez.

—  External collaborator: J. Ruiz-Martinez M.D.
(Department of Neurology, Hospital de

o
0'0

Other collaborations ¢
—  Undergraduate student stays

Mendaro). *  (2008) Evaluation of skull-strip, tr& a
—  Funding organization: Diputacion Foral de on the OASIS database.
Guipuzcoa. (1-year project). —  Charlotte Rosak (Institut Siipérieur des Bi
¢ 6 - science (ISBS), Université Paris XII).
K (200 7), De’teCl:lOn Of p.r0d0mal —  Jean Luc Lor (Institut supérieur desiBio-
Alzheimer’s disease via pattern science (ISBS), Université Paris XII)
o ) v
classification of MRI” o> ¥
. r .7 “
—  Leader researcher: Maite Garcia-Sebastian. . >
—  Funding organization: Diputacion Foral de B ; s :
Guiptzcoa. (1-year project). | }*
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Brain MRI 29

«» MR 1mages
«» MRI processing general pipeline
— IIH artefact
08/10/2008 Maite Garcia 10



Magnetic Resonance [maging,;?’f
(MRI)

MRI is a non 10nizing medical imaging technique commonl
used to visualize the structure and function of the body.
belongs to the radiology clinical techniques. " '

Structural MRI
— Three dimensional (3-D)
— High soft tissue contrast

A
/\

— High spatial resolution
— Structural images: T1, T2, PD
— Possibly multi-spectral

— Image artefacts
* Intensity Inhomogeneity (IIH)
* Motion artefact
 Partial volume artefact

08/10/2008 * .- Maite Garcia



Magnetic Resonance Imaging
(MRI)

Functional MRI

— Three dimensional (3-D) temporal

— Lower spatial resolution
— Functional images: T2*

— It measures the haemodynamic
related to:

» Neural activity in the brain

 Spinal cord ' /|
Blood-oxygen-level dependent (BOLD)

fMRI is a method of observing which areas of the brain are
active at any given time.

08/10/2008 Maite Garcia 17



. Diffusion MRI (DTI)

— It 1s to map the tracts in the grey matter. [
+» Magnetic resonance angiography (MRA) </ |
— It 1s used to detect the blood vessels f

+ Magnetic resonance spectroscopy (MRS) 7 &
— @Gives biochemical information about the tissues in a non-inyasive

o0

way.

13
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SMRI processing
general pipeline

Intensity Inhomogeneity Stereotactic :
Input correction Corrected registration Registered
image 4 image P image
Remove additive noise
Filtered Skull-stripping Preprocessed : Segmented
image p image Segmentafion > image

08/10/2008

Maite Garcia
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[IH artefact

+ Intensity inhomogeneity , intensity nonuniformity, shading
or bias field.

<« [t appears in images obtained by different imaging t

modalities .

— Microscopy ¥

— Computer tomography e lds ;

— Ultrasound o

— Magnetic resonance imaging (**#**) .. .

! ?

¢ et
A

08/10/2008 Maite Garcia 15
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[IH artefact

+ IIH 1s due to the spatial inhomogeneity in the .
excitatory Radio Frequency signal and other effgcts:/ 1.

% The Intensity Inhomogeneity field 1s usually
assumed to be smooth. :

+ the 1deal properties of an IIH correction algorithm:

— Can correct all the different MRI modalities. A
— It can be applied to other anatomical structures without ma .o.r <
modifications. ) (R
*s 4‘ 7

08/10/2008 Maite Garcia
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Review of work done up to date |4

+ Assumed image model
+ Parametric versus non parametric approaches
+ Our parametric proposal (PABIC inspired)

<+ Our non-parametric proposal (SOM inspired)*

08/10/2008 Maite Garcia



Image formation model

Yi = By -z + 105,

Where:

y =(y;i€l); |i€ICN? igthe observed image,

| is the multiplicative inhomogeneity field,

il 1s the clean signal

Mi| is the additive noise term

The 1image logarithm 1f we discard the

additive noise term
log y; = log 3; + log x;.

08/10/2008 Maite Garcia




Parametric versus // f
non-parametric algorithms : ,‘Q 7

< There are two kinds of IIH correction
algorithms:

— Parametric: parametric model for the II
field.

— Non-parametric: non-parametric estlma 0 ‘
of the IIH at each voxel.

« Most Bayesian image processing appro: ch S} o

* Fuzzy clustering %s 452

08/10/2008 Maite Garcia 20



GradClassLeg

<« Parametric algorithm

+» Gradient descent of the classification err
in 1mages corrected by products of
Legendre polynomials. ZF .

< In this approach we work with the origi
image. We do not perform the logarithr
transformation.

08/10/2008 Maite Garcia



«» Energy function

08/10/2008

pi(p) =

Y Y Y pjklpj(lx)Pk(ly)Pl(lz)

m—j m—k—j

=0 k=0 I=0

Maite Garcia
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+» Convexity of the energy function

FPe(p,I) . Yi(Pilin)Piliy)Piic))”

azp ki iel k /}? (P) |
aze(p, r) _ Z ﬂit.Vin(ix)Pk(iy)Pl(iZ)Pm(ix)PN(iy)PO(iz)
ap jklapmno iel .B? (P) |

08/10/2008
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Energy minimization

< Qradient descent

gradient descent on the inhomogeneity
field parameters

Py =P+ af’\_/’,,e(p,l“),

gradient descent on the class intensity
means

rt+l - r, + O({Vr(?(p,r).

08/10/2008 Maite Garcia
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Vpe(Pa F) {apm e(p F)}

E’P;M

e(p. F)—Z(hyf f!x,-) =P (i) Piliy) P (i)

=

B (p)

08/10/2008
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«» We assume that the inhomogeneity field model is
linear combination of 3D products of Legendre
polynomials

m—j m—Fk—j

ﬁz‘(l’) Y Y Y P;M )Pk H)PI( )

=0 k=0 =0

P = P ﬂz(m—lrl)”TJri”—f.

08/10/2008 Maite Garcia 26
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Evaluation procedures & measures

IIH correction

Evaluation Strategies

—
o
=

bl
!\

¢
> '
<

r

. !

Spatial domain |

Statistical visualization |

Inhomogeneity field

Intensity variation

Segmentation

* § SO | N

Intensity and inhomogeneity profiles

Inhomogeneity field histograms

Root mean square error
(rms)

Coefficient of variation
(CV)

Misclassification ratio
(MCR)

- i oY | ] 28

Original and corrected images

Scatter plots

Mean square error
(MSE)

Coefficient of joint variation

Jaccard similarity
Tanimoto coefficient

Phase diagrams

Profile of mean slice intesity

Correlation coefficient (CC)

Manualy selected reference points

Homogeneous regions of support

Volume surface rendering

Probability maps

Isointensity lines

Segmentation results by tissue delineation

08/10/2008
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i g = N |

Dice coefficient

5 B » " | BB [

Accurate segmentation ratio

] | ! 1 T T I )

Segmentation accuracy
SA)

N 3 =

- =
False positive, True positive, True negative
False negative
Sensitivity, Specificity

[ =] | L ]

False negative fraction

ol | d -

Measurement of the change
of tumor volume

Structural Similarity Index
(SSIM-INDEX)

Difference Ratio Metric

TR B




[Hxi =oAX; =i el

T(w) =

Hx=oVxi=wicl}|

Some results

Table 1

in this paper

Average overlap between manual segmentation and the algorithms tested

Algorithm GM WM
Wells 0.564 0.567
BMAP 0.558 0.562
BFCM 0.630 0.709
GradClassLeg 0.745 0.732
Siyal and Yu (2005) 0.750 0.724

08/10/2008
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MRI image analysis for early I".. o
diagnostic of neurodegenerative 3
diseases -

+ State of the art: diverse approaches

— Brain mapping based on projections of the Brain cortex into a
2D plane

— morphometric analysis: voxel based, deformation based and
tensor based

—fMRI
— Diffusion tensor image analysis

— Classification based image processing

08/10/2008 Maite Garcia




Morphometry

<+ It 1s very useful to detect structural

differences between groups of subjects.

— Based on the local brain tissue compositiofs-

VBM (Voxel Based Morphometry)

— Based on the brain shape:
 DBM (Deformation Based Morphometry)
« TBM (Tensor Based Morphometry)

08/10/2008 Maite Garcia




Computational neuroanatomy

Mulranate

Images
Nonnalized sotial Deformation
o o 00 nonmalzation o ek
segmet;tamn Scalar function
|
gay-matter density < ¢ £ Jacobian

| |

Voxrlbased Tensor-based
morphometry morphometry
—RE B ldd ™
. .
‘ -

analyses

Deformation-based
morphometry

08/10/2008 Maite Garcia




«» Requirement .
— Images with a relative high resolution (lm 0!
1.5mm?3, isotropic voxels). WL,
Plds g
i
e
.o. « ’
: ;...
08/10/2008 Maite Garcia g0 %



VBM

In a group.
« This approach compares voxel by voxel the local
concentrations of the brain tissues which will be analy

» It 1s possible to perform comparisons within a grou
between groups.

<« [t 1s very sensitive to registration errors.

— (not applicable to Multiple Sclerosis).

« It 1s also very sensitive to the image quality and to the
existence of 1image artefacts.

08/10/2008 Maite Garcia



Voxel Based Morphometry

MR images

Brain template

Wy

Spatial normalization: affine
and nonlinear registration.
Registered images

S

Tissue segmentation:
segmented images

Smoothness:
smoothned
segmentation

Statistical analysis voxel
by voxel : statistical
parametric map

Figure 1.VBM Generic flowchart.

08/10/2008
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Voxel-Based Morphometry

Pre-processing Overview

Original Normalized GM Segment Modulated GM Smoothed GM

Template CSF prior Gaussian Kernel

Maite Garcia 35
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Morphometric methods and th@'/ ~
Alzheimer Disease I /\

controls

« (VBM,DBM,TBM) grey matter atrophy
temporal lobe and areas associated wi
neocortex.

« (DBM) Atrophy representative patterns \
temporal lobe, association necocortical b
thalamus and the basal ganglia.

+ (DBM) Shape differences in brain ventricles. &

08/10/2008 Maite Garcia



Paisley

< We have tried two approaches for the image

segmentation and we thought of applying a ne :

computational paradigm.
+ Study the state of the art of the AIS

« Evaluate the possibility to apply the AIS to’ |

Image processing.
— Propose an AIS for MR 1mage segmentation

08/10/2008 Maite Garcia
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