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Radius estimation - traditional approach

7/28

BP

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 center line and-its-erientation

D

2025



Radius estimation - PCA 9/28

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 A, and A;
provide an estimate of the radius

ro= 23 o r = /23
H(iD

2025
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1. Find a point in the center of the vessel
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Radius estimation from vesselness 12/28
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Multiscale vesselness function
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Radius estimation from vesselness
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Multiscale Vesselness Function (MVF)

MVF

1. Find a point near the center
2. Compute vesselness at this point for multiple o scales

3. Fit the formula to the computed values

(G p—i ( L) )
J1+r2 (2 — ) \1+ ()

g

4. Parameter r is an estimate of the radius
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Bifurcation model (r = 3.5, 5.5 and 6.5)
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Bifurcation model (r = 3.5, 5.5 and 6.5)
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Comparison
(artificial images of tube models)
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[ ]
Comparison
(Mean relative errors in radius estimation)
Noise level Radius =1 Radius = 2 Radius =3 Radius =5 Radius = 8 Radius = 13
BP

0 0.526 0.062 0.016 0.002 -0.001 -0.005
1 0.521 0.062 0.016 0.002 -0.001 -0.005
2 0.529 0.065 0.017 0.002 -0.001 -0.005
3 0.524 0.065 0.016 0.002 -0.001 -0.007
5 0.507 0.065 0.016 0.002 -0.001 -0.043
8 0.491 0.064 0.018 0.002 -0.001 -0.157
13 0.439 0.060 0.017 0.003 -0.007 -0.370

PCA2
0 0.420 0.034 -0.006 -0.028 -0.068 -0.227
1 0.418 0.034 -0.007 -0.033 -0.081 -0.289
2 0.427 0.036 -0.006 -0.034 -0.085 -0.313
3 0.419 0.038 -0.007 -0.035 -0.089 -0.339
5 0.407 0.038 -0.008 -0.038 -0.097 -0.412
8 0.406 0.034 -0.008 -0.041 -0.109 -0.516
13 0.348 0.034 -0.011 -0.048 -0.140 -0.667

PCA1l
0 0.309 0.006 -0.018 -0.033 -0.069 -0.231
1 0.305 0.005 -0.019 -0.037 -0.083 -0.292
2 0.311 0.007 -0.018 -0.039 -0.088 -0.317
3 0.306 0.008 -0.019 -0.040 -0.092 -0.347
5 0.299 0.008 -0.020 -0.042 -0.101 -0.435
8 0.295 0.003 -0.020 -0.046 -0.114 -0.550
13 0.248 0.003 -0.023 -0.054 -0.151 -0.702

MVF
0 0.023 -0.044 -0.034 -0.030 -0.029 -0.028
1 0.023 -0.044 -0.034 -0.030 -0.029 -0.028
2 0.024 -0.043 -0.034 -0.030 -0.029 -0.028
3 0.025 -0.042 -0.033 -0.030 -0.029 -0.028
5 0.030 -0.039 -0.031 -0.029 -0.029 -0.028
8 0.036 -0.036 -0.031 -0.028 -0.029 -0.029
13 0.057 -0.028 -0.028 -0.027 -0.027 -0.028
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Brain and kidney Microfiber scaffold
vasculature modeling modeling

D

2025



D

2025

Summary and conclusions

1. VesselKnife is a useful tool for 3D modeling of vessels

2.1t 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: htips://gitlab.com /vesselknife

3D Image database of synthetic blood vessel models,
Repozytorium Otwartych Danych Badawczych (2024)
https://doi.org/10.34658/RDB.4PJAOM

24/28


https://gitlab.com/vesselknife
https://doi.org/10.34658/RDB.4PJA0M

D

2025

Computer _\-h-ll'.:s:'.-. and Programs in piomedicine FAr
e =
Contents lisG available at Sr.icm—_ohir.wt

Computer Methods and Programs in piomedicin®

‘gournai homepage: W '.rw.ﬁl:'\".|\Cedlfe<;1..cun‘.:']ou|'ﬁ8'.'Ct:rl‘.pu'ﬁ.er-n‘.|‘.1t10d5
V1T R and progr;uns-Ir-.-'mor\mdnc'l'.\e

ELSE

——

Vesselefe _ goftwar€ for the analysis of tubular structures in Sl
biomedical images

piotr M. Szczypif\ski , Artur Klepaczko Robert Olbrycht

Institute of Electronics: Lodsz University uj'l'echnuiug}'. poland

_,_,_~——__—o—__—___,_'———__— _ﬁ___,_____ﬂ_—

ABTi(ZLElNFO }\BSTRACT

o o

e

T s d_____ﬁ_—_____——_ﬁ_________ﬂ—f—*_ﬂ—d__ _ﬁ__ﬁ_—___ﬂ_——__—_ﬁ____—f—*
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Distance to the wall - erfc fitting 2628

y(x;AV7AR7V07d) — VO+AVerfC((xA_ d))
R

erfc(.) Gauss complementary error function

1. Find brightness profile

2. Fit the function by adjusting
Av, AR and Vo

3. d is a distance to the wall

>

ﬁﬁ:'u Andrzej Materka, et al. Automated modeling of tubular blood vessels in 3D MR angiography images.
D D ot International Symposium on Image and Signal Processing and Analysis (ISPA). IEEE, 2015.
2025
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Omnidirectional sampling - icosahedron tesselation ?7/%°

Szczypinski, P. M. (2023, June). Radius Estimation in Angiograms Using Multiscale Vesselness Function. In
International Conference on Computational Science (pp. 230-244). Cham: Springer Nature Switzerland

P.M. Szczypinski, Center Point Model of Deformable Surface, Computer Vision and Graphics, International
Conference, ICCVG 2004, Warsaw, Poland
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Radius estimation from vesselness
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