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Slice 65 Slice 66

Slice 67 Slice 68

Ø Structure volume quantification

Ø «Digital Atlas»

Ø Fonctional Brain mapping

Automatic detection of anatomical structures from

brain MRI.
Practical Target

Clinical applications:
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Need for a priori 
information to guide the

delineation process

sample MRI slice

Associated gradient image (Sobel)

Low constrast at boundaries of structuresMain difficulty
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Automatic statistical shape model building from a priori 
information

1. Region-based 3D segmentation method

2. 3D Shape Model of internal brain structures.

3. Application to brain MRI structures segmentation
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Step 1: projection of a priori knowledge into
patient MRI

Patient MRI

registered atlas

a priori knowledge
projected onto patient 

MRI
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reference MRI
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Region-based method
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+

Need for a shape model
enforcing explicit 

geometric constraints

constrained
morphological growing

Step 2: use of fuzzy information to determine
structure contours

Region-based method

structure « seeds »

FMRF oversegmentation

distance-based fuzzy fields

=
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Automatic statistical shape model building from a priori 
information

1. Region-based 3D segmentation method

2. 3D Shape Model of internal brain structures.

3. Application to brain MRI structures segmentation
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Input data: landmarked training set of studied shape

first mode

2nd mode

3rd mode

pictures from Pr. Tim Cootes

Overview of the Point 
Distribution Model (PDM) 

Multi-dimensional Shape Model

Output data: an Allowable
Shape Domain (ASD) for 

studied shape:
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Warp registration of the anatomical atlas onto 
a wide set of patient MRIs

3D Brain Structures Training Set Building

Ø Acceptable quality

Ø Variability vs mean
shape precision

Ø Further iterative
refinement
opportunities
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MDL(PDM) = 

MDL(Xm) + MDL( significant modes ) + MDL( residual modes )

Automatic 3D Landmarking Step 1: Annotation as an 
optimization process

• Generate many annotation hypothesis. 

• Compute the derived PDM and quantify its relevance.

Simplex minimization framework:

Objective function outline:
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Automatic 3D Landmarking Step 2: generation of various
landmarking hypotheses

Effect of optimizing one kernel on a 
landmark sphere

Sphere reparameterization by cumulative 
distribution fonction of Cauchy Kernels.
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ØConformal mapping optimizing angle preservation

ØVertices position optimization to also preserve surfaces  

Automatic 3D Landmarking Step 3: Projection of landmarks on the
structures
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Automatic 3D Landmarking Results
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Example of PDM variation modes 
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Automatic statistical shape model building from a priori 
information

1. Region-based 3D segmentation method

2. 3D Shape Model of internal brain structures.

3. Application to brain MRI structures segmentation
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Patient MRI database

Brain MRIs database

•cortex segmentation (active contours)

Volumic structures 
database

Surfacic structures

• pre-alignment of the brains (rigid registration)

• Atlas projection (warp registration).

•Visual control of volumes.

• polygonal transformation

(marching cubes + decimation)

Automatic 3D PDM Building

Anatomical atlas+

Overview
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Surfacic structures

Landmarked
structures

PDM models of
structures 

• pre-alignement (rigid ICP registration).

• reference triangle selection.

• automatic landmarking (SM2 API)

• covariance matrix

• PCA

Mean models + 
modes & amplitudes 

of variation

Automatic 3D PDM Building Overview
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Brain MRI segmentation Step1: Mean model positioning

Anatomical
atlas

Patient MRI

Mean shape
model

Estimated
structure 
positions

Initial estimated position of model in MRI image
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Brain MRI Segmentation Step 2: Fitting the model to patient 
MRI (Prospective)

Iterative move of each
landmark along its normal

• matching learned gray-level
profile onto MRI.

• move constrained by fuzzy
distance field.

• move constrained by 
anatomical tissue

• global regulation of the
shape model

picture from Dr. Nicolae Duta
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The end…
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