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1.Find center line and its orientation
2.Find transversal plane
3.Sample distances from the center to the wall
4.Estimate the cross-sectional area
5.Compute a radius of a circle with the same area

BP
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1.Find center line and its orientation
2.Find transversal plane
3.Sample distances from the center to the wall
4.Estimate the cross-sectional area
5.Compute a radius of a circle with the same area
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1. Find a point in the center of the vessel 
2. Sample around for points on the vessel wall
3. For the point cloud apply 
    Principal Component Analysis (PCA)
4. The first eigenvector gives the vessel’s direction
5. The two smaller eigenvalues λ2 and λ3 
    provide an estimate of the radius

or
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1. Find a point in the center of the vessel 
2. Sample around for points on the vessel wall
3. For the point cloud apply 
    Principal Component Analysis (PCA)
4. The first eigenvector gives the vessel’s direction
5. The two smaller eigenvalues λ2 and λ3 
    provide an estimate of the radius
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*

Sato, Yoshinobu, et al. 3D multi-scale line filter for segmentation and visualization of curvilinear 
structures in medical images. CVRMed-MRCAS'97. Springer, Berlin, Heidelberg, 1997.
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σ = 1, 2, 4, 8...
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Radius estimation from
Multiscale Vesselness Function (MVF)
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1. Find a point near the center 
2. Compute vesselness at this point for multiple σ scales
3. Fit the formula to the computed values

4. Parameter r is an estimate of the radius

MVF
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Bifurcation model (r = 3.5, 5.5 and 6.5)
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Bifurcation

point
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point

The radius 
values refer
to voxel grid 

spacing

Ground truth
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Bifurcation model (r = 3.5, 5.5 and 6.5)
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Comparison
(Mean relative errors in radius estimation)
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The radius 
values refer
to voxel grid 

spacing
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Brain and kidney 
vasculature modeling

Microfiber scaffold
modeling
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1.VesselKnife is a useful tool for 3D modeling of vessels 
2. It implements original algorithms for radius estimation 

not available elsewhere
3.Radius estimation methods based on PCA and MVF do 

not require a-priori knowledge on vessel’s orientation
4.Radius estimation from MVF precisely estimates radius 

of thin vessels and it is immune to noise
5.Deep learning algorithm – future work

GitLab repository: https://gitlab.com/vesselknife
3D Image database of synthetic blood vessel models, 
Repozytorium Otwartych Danych Badawczych (2024) 
https://doi.org/10.34658/RDB.4PJA0M

https://gitlab.com/vesselknife
https://doi.org/10.34658/RDB.4PJA0M
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erfc(.) Gauss complementary error function

Andrzej Materka, et al. Automated modeling of tubular blood vessels in 3D MR angiography images. 
9th International Symposium on Image and Signal Processing and Analysis (ISPA). IEEE, 2015.

1. Find brightness profile
2. Fit the function by adjusting
    ∆V, ∆R and V0
3. d is a distance to the wall
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