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PROBLEM:
Simultaneously estimate point correspondences between an input
X-ray image and a reference 3D shape and reconstruct the 3D nonrigid structure of the coronary tree in the input image.
CONTRIBUTION:
Retrieve large non-linear deformations even when the input data is
corrupted by the presence of outliers, image noise and partial
occlusions.
METHODOLOGY:
 Prior knowledge of the 3D reference model and camera pose.
 Use of a generative model of increasing complexity, based on a
recursive parameterization of the coronary tree.
 The Kalman filter optimization is used to progressively reduce the set
of model points that can be associated to the target image features.
 Better robustness to outliers, image noise and occlusions, yielding
improved results when comparing to state-of-the-art methods [1].

3D volume
2D image

Results

Non-rigid reconstruction

- Synthetic experiments

1.- Recursive 3D model parameterization
 Let Μ ={x1 ,, x nm } be the nm model points extracted from the CT volume.
We represent the structure of the deformable model by the vector
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where x1 are the 3D coordinates of the root node, and j
are the
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spherical coordinates of the vector joining the i-th and j-th nodes.

 The 3D position of a node xk may be recursively written as:

rij cosθij sin φij 


x k = x1 + ∑  rij sin θij sin φij 
i , j∈Ak
 rij cos φij 
where Ak contains all the ancestors of the k-th node.

2.- Synthetic deformation priors
 We compute synthetic samples using mref as the
reference shape and introducing uncertainty to the
parameters x1 , ρ 2 ,, ρ nm .

Our approach

Deformation
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GIVEN:
 A reference 3D model obtained
from a CT scan
 A X-ray image projection of the
coronary tree
 Camera calibration parameters
WE WANT TO ESTIMATE:
 Point correspondences between
the 3D points xi and 2D extracted
features uj
 Recover the 3D articulated shape

Feature extraction

Image noise [σn]

Salzmann [1]
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Synthetic samples

 Then, we learn a low-dimensional deformation
model of the coronary tree by applying Probabilistic
PCA to the set of deformed samples.
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Deformed samples

 We can express the structure as a function of the
PPCA modes and the unknown modal weights.
nq

m = m 0 + ∑α iqi

PPCA model

i =1

3.- Simultaneous correspondence and recovery
of the articulated deformable shape

σθ = σφ = 0.1
Error 3D: 5.8 [vox]

 We want to estimate the modal weights α, that minimize the reprojection
error:
nm

- Real data

α = arg min ∑ Proj(xi ; α ) − Match (xi ,U )
*

α

Recovered shape
LCA

Σiv = J (xi )Σ α J (xi )

Τ

1. Establishing 3D-to-2D correspondences

σθ = σφ = 0.5
Error 3d: 28.8 [vox]

Reference 3D model

i =1

 Iterative fitting and matching:

σθ = σφ = 0.3
Error 3D: 14.7 [vox]

RCA

- 3D features
0

Optimal assignment:

3D volume

Region
growing

Skeleton
extraction

Compute 3D
orientations

Cij = λ1 Mah (v i , u j ) + λ2 Angle(v i , u j )

vi = Proj(xi ;α )

2. Updating the modal weights using a Kalman filter optimization process

- 2D features

α + = α + K (uˆ − Proj(xˆ i ; α ))
Σ + = (I − KJˆ )Σ α
α

3. Progressively increase the flexibility of the generative model
The Number of modes is
increased at each step

2D X-ray
image

Vesselness

Non-maxima
supression

Compute 2D
orientations

- Robustness to missmatches and outliers at early stages
- Allows to fit local highly non-linear deformations

 The matching and modal weights updating process is repeated until
convergence of the reprojection error.

 CT scans and X-ray images obtained from real patients at Hospital de St.
Pau in the framework of “La Marató” project
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