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Introduction

Context
e Accurate liver vessels segmentation is still an open problem.
e Most segmentation schemes rely on a vessel enhancement filter (vesselness filters).

e No easy way to compare different filters.

Vascusynth volume Jerman vesselness output Ideal segmentation

3/24



1. Overview of Benchmark 2. Benchmark Results and Reproducibility 4. Online Demonstration 5. Conclusion

We created a framework that quantitatively assesses the quality of a vesselness filter
given a 3D input volume and the corresponding ground truth.

Input filterOutput Masks Metr.ics
Volume Areas (csv files)

Vessel vessels_metrics.csv

bif_metrics.csv
organ_melrics.csv
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Additional goal

In particular we wanted to assess the performance of the filters depending on three areas
of interest.

Liver Dilated vessels Bifurcations
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Datasets

e Ircad dataset (CT scan - 20 patients)

e Vascusynth dataset (Synthetic data with Rician noise (sigma=10) and Gaussian
artefacts)

Ircad sample (MIP) Vascusynth sample (MIP) 6/24
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Volume data

Two datasets
e Each instance of input volume, ground truth, and masks are listed in a single file.

e The benchmark takes any number of regions of interest.

3Dircadbl.10 // Name
PathToFolder/patientIso.nii //input image
PathToFolder/vesselsIso.nii // groundtruth
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Assessment methods

Assessment
Quality assessment made into two steps:
e Successive thresholdings of filter output.

e Comparison of binary results with ground truth.

Metrics

e Matthew's correlation coefficient (MCC)
e Dice

e ROC curve

8/24
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1. Introduction - Overview of Benchmark

Vesselness filters

e Seven methods are currently evaluated in the benchmark framework.

e All methods can also be used outside the benchmark.

Method [ Base Main ideas Date
Sato et al.[SNAT97] Hessian Vessel re-connection, noise control 1997
Frangi et al.[FNVV98] Hessian Blobs and plates removal with noise control | 1998
Meijering et al.[MJST04] | Hessian Neurite detection 2004
OOF [LCO08] Hessian Analysis restricted by a sphere 2010
Jerman [JPLS16] Hessian Volume ratio of tubular structures 2016
Zhang [ZZWT18] Hessian K-mean with sigmoid using Jerman base 2018
RORPO [MTNP18] Morphology | Vote on path opening 2018
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Parameters set

Vesselness filters

For each filter, parameters can be separated in two sets:
e Scale parameters.

e Method parameters.

1 {
2 "Frangi"
3 L
4 {
5 "Output":"Frangi.nii",
6 "Arguments": [
7 {"sigmaMin":"1.0"},
8 {"sigmaMax":"2.5"},
9 {"nbSigmaSteps":"5"},
10 {"alpha":"0.5"},
11 {"beta":"0.5"},
12 {"gamma":"5"}
13 ]
14 }
15 ]
16 }
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Parameters set

Vesselness filters

For each filter, parameters can be separated in two sets:
e Scale parameters.

e Method parameters.

1 {
2 "Frangi"
3 L
4 {
5 "Output":"Frangi.nii",
6 "Arguments": [
7 {"sigmaMin":"1.0"},
8 {"sigmaMax":"2.5"},
9 {"nbSigmaSteps":"5"},
10 {"alpha":"0.5"},
11 {"beta":"0.5"},
12 {"gamma":"5"}
13 ]
14 }
15 ]
16 }
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Parameters set

In the benchmark experiment, the parameters for each filter are optimized in two steps:

e A first optimization step on scale parameters with fixed methods parameters.

e A second optimization on method parameters using fixed best scales found at the
previous step.

— Optimization done over the best mean MCC across all volumes.

12/24
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Benchmark Reproducibility

Reproducibility
It consists of reproducing the results from a different research team by using the same
experimental setup (ACM definition):

e Benchmark parameter files ready to use for both optimization steps.

e Python scripts available to generate results in pdf format using the metrics csv files.

{
"Settings":{
"name" : "MyBenchmark",
"path":"PathToDirectory",
"inputVolumesList":"fileLists/DatabaseFileList.txt",
"algorithmSets": "paramSets/all_algorithms.json",
"maskList":["Organ","Vessels"],
"enhancementMask":"",
"nbThresholds" :200,
"removeResultsVolumes":false
}
+
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Benchmark Reproducibility

Reproducibility
It consists of reproducing the results from a different research team by using the same
experimental setup (ACM definition):

e Benchmark parameter files ready to use for both optimization steps.

e Python scripts available to generate results in pdf format using the metrics csv files.

SerieName, Name, Threshold, sensitivity,specificity, Dice, Mcc

3Dircadbl.13, 0.6-1.6-4.nii, 0.83, 0.00154596, 0.999829, 0.00307362, 0.0196581
3Dircadb1.13, 0.6-1.6-4.nii, 0.82, 0.0028762, 0.999682, 0.0056896, 0.0268478
3Dircadb1.13, 0.6-1.6-4.nii, 0.81, 0.00497942, 0.999427, 0.00976642, 0.0347772
3Dircadbl1.13, 0.6-1.6-4.nii, 0.8, 0.00767585, 0.999123, 0.0149017, 0.0432828
3Dircadbl1.13, 0.6-1.6-4.nii, 0.79, 0.0105161, 0.998716, 0.0201554, 0.0493792
3Dircadb1.13, 0.6-1.6-4.nii, 0.78, 0.0139855, 0.998252, 0.026415, 0.0563973
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Benchmark Reproducibility

Reproducibility
It consists of reproducing the results from a different research team by using the same

experimental setup (ACM definition):
e Benchmark parameter files ready to use for both optimization steps

e Python scripts available to generate results in pdf format using the metrics csv files.

Table 1: Best scale parameter sets maximizing MCC.

Ircad - Whole liver Vascusynth - Whole volume

Method T min @rrer nb steps Best MCC T min @rer nb steps Best MCC

Sato et al. [SNA+97] 1.4 2.4 4 0.269 + 0.065 1.4 2.8 4 0.541 + 0.044
Frangi et al. [FNVV98] 1.4 3.0 4 0.344 + 0.061 1.4 2.8 4 0.543 £ 0.040
OOF [LCO08] 0.6 2.8 4 0.191 £ 0.039 0.6 1.6 4 0.382 £+ 0.038
Meijering et al. [MJS+04] 1.2 2.2 4 0.138 £ 0.038 1.4 2.8 4 0.356 £ 0.040
Jerman et al. [JPLS16] 1.4 2.4 4 0.282 + 0.063 1.4 2.6 4 0.612 + 0.039
Zhang et al. [ZZW+18] 1.4 2.4 4 0.344 + 0.106 1.4 3.0 4 0.432 + 0.040
Method path size factor nb steps Best MCC path size factor nb steps Best MCC

RORPO et al. [MTNP18] 60 1.2 3 0.384 + 0.077 10 1.6 4 0.311 £ 0.032

15/24



1. Overview of Benchmark 2. Benchmark Results and Reproducibility 4. Online Demonstration 5. Conclusion

Benchmark Reproducibility

Reproducibility
It consists of reproducing the results from a different research team by using the same
experimental setup (ACM definition):

e Benchmark parameter files ready to use for both optimization steps.

e Python scripts available to generate results in pdf format using the metrics csv files.

Table 2: Results of best MCC

Ircad - Liver mask | Vascusynth - Whole volume

Sato 0.275 £ 0.066 0.544 +0.043
Frangi 0.356 £ 0.079 0.602 £ 0.042
Meijering 0.138 £ 0.038 0.356 + 0.040
Jerman 0.318 £ 0.081 0.612 £ 0.040
Zhang 0.346 £ 0.106 0.478 £ 0.041
OOF 0.190 £ 0.041 0.343 £0.035
RORPO 0.384 £ 0.077 0.311 £ 0.032
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Repository

e https://github.com/JonasLamy/LiverVesselness

Team  Enterpris

@ JonasLamy / LiverVesselness

©Code  Olssues 1 [ Pullrequests 1 © Actions [ projects @ Security 2 Insights

¥ maser - B30y

M Jonastamy Update READMEmd fazcofe on 27 0ct2020 ) 144 commits
TlustrationsResICPR add dir res ICPR 9 months ago.
RoRPO conecting last UL migration ssues 3 months ago
Reprodiuctibiity removing save fles 3 months ago
incude resoling merging confict
I Cutit nenchmark
arips adding generatePDF sh script
sic ‘adding benchmark settings files for reproductibilty. Correcting CLT 3 months ago.

O gitignore updating gitignore for script directory 7 months ago

[ CMakeListsixt ‘adding benchmark settings files for reproductibility. Correcting CLI 3 months ago

[ READMEmd Update README md

READMEmA

LiverVesselness
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4. Online Demonstration for Custom Experiments

Online demonstration
e https://kerautret.github.io/LiverVesselnessIPOLDemo/
e Experiments from sample of Ircad and Vascusynth data base.

e Allows to upload any images of type (.vol, .nii, .mhd, or .mha)

ece M < > © & poi-geometryloriafr e

@6+ 0
Online D ion of Liver

Filters
ariile] [demo | (archive

Overview

llows to test

in the submitted ICPR 2020 paper:

Vesselness Filters: A Survey with Benchmarks Applied to Liver Imaging

‘The source code used in this demonstration is available on GitHub on the following repository:
hitpsigithub.com/JonasLamy/LiverVesselness

Al of the seven methods discrebed in the paper can be tested online (see references from the papers):

« Frangi [5]

« Jerman's Vesselness (7]

« Meijering's Neuriteness [6]

« Rui Zhang's [8]

 Ranking the Orientation Responses of Path Operators (RORPO) [10]

= Optimally Oriented Flux (OOF) [9]
= Sato etal [4]

Select 3D Data

Click on an image to use it as algorithm input.
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4. Online Demonstration for Custom Experiments

Online demonstration
e https://kerautret.github.io/LiverVesselnessIPOLDemo/

e Experiments from sample of Ircad and Vascusynth data base.

e Allows to upload any images of type (.vol, .nii, .mhd, or .mha)

ece M < > © % ¢ @6+ 0

« Optimally Oriented Flux (OOF) (8]
« Sato etal 4]
Select 3D Data

Click on an image to use it as algorithm input.

3Dircadb1.1 3Dircadb16  3Dircadb!.1  3Dircadbi.12

3Dircadb1.16  3Dircadb!.20  VascuG1Datal0_5 VascuG6Data6_10

20 5 10 _20

mage credts

Upload Data 18/24
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4. Online Demonstration for Custom Experiments

Online demonstration
e https://kerautret.github.io/LiverVesselnessIPOLDemo/
e Experiments from sample of Ircad and Vascusynth data base.
nii, .mhd, or .mha)

e Allows to upload any images of type (.vol,

ece m < > Pre—— Y @6+ @

3Dircadb1.16  3Dircadb1.20  VascuG1Data10_5 VascuG6Datab_10

> 20 L5 10 s 20

mago crds

Upload Data
Upload your own volumic file to use as the algorithm input.
‘The uploaded file should be a vol, .nil,_mhd, or mha format and the maximal size of the input point set s 50 Mo.

volumic file Chosiie icier _aucun fihir sl

{oace s ter stomap - contct prvcy polcy - SSN: 24051232 001 105201

st 2015 by P el (advanced grant Twelve Labours.

iean1)
als0 supported by ONR grant N0DO14-14:1-0023, CNES (MISS project), FUI 18 Plein Phare project, and ANR-DGA project ANR-12-ASTR.0035.

oo
1POLis
1POL s maintained by CMLA, ENS Gachan, DMI, Universiat do lo lles Balears, and Fing. Universidad do la Ropibic

nors (B8 v 8 romce €8 e o et

©2009.2015, IPOL image Processing On Line & the author
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4. Online Demonstration for Custom Experiments (2)

Custom choice
e Select one of the seven algorithms.
e Set the potential parameters: scale or intern.

e Mask with specific areas (for instance liver, dilated vessel).

eoe M < © & ipol-geometryloriafr @ e @t +

IPOL Journal - Image Processing On Line
HOME - ABOUT - ARTICLES - PREPRINTS - WORKSHOPS - NEWS - SEARCH

Online D ion of Liver Filters

[ariicle] demo) (archive]

1. Select the method to teg) v Antiga

Method computed with:

Meiering
ooF
2. Set the common scale
RORPO
o sigma min: [ 3.0] RuiZhang
o sigma max: [_s.0| sito

o steps: 2

3. Set the additional parameters used in Antiga:

o alpha: 0.3/
o beta: [ 1.0
o gamma: | 10.0

4. Customize the display by choosing the mask applied to the result : ( Liver mask (for RCAD orly) &

@)
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4. Online Demonstration for Custom Experiments (2)

Custom choice
e Select one of the seven algorithms.
e Set the potential parameters: scale or intern.

e Mask with specific areas (for instance liver, dilated vessel).

eoe M < o & ipol-geometryloriar @ ® 0 +

IPOL Journal - Image Processing On Line
HOME - ABOUT - ARTICLES - PREPRINTS - WORKSHOPS - NEWS - SEARCH

Online D ion of Liver Ve Filters

article| demo  [archive

1. Select the method to test: ( Antiga

Method computed with: [ No mask

2. Setthe common scale parameters:

o sigma min: [ 3.0
o sigma max: [ 3.0
o steps: [ 2

3. Setthe additional parameters used in Antiga:
o alpha: [ 0.5

o beta: [ 1.0

o gamma: [ 109

4. Customize the display by choosing the mask applied to the result: [ Liver mask (for IRCAD orly) &

@)
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4. Online Demonstration for Custom Experiments (2)

Custom choice
e Select one of the seven algorithms.
e Set the potential parameters: scale or intern.

e Mask with specific areas (for instance liver, dilated vessel).

eoe M < o & ipol-geometryloriar @ ® 0 +

IPOL Journal - Image Processing On Line
HOME - ABOUT - ARTICLES - PREPRINTS - WORKSHOPS - NEWS - SEARCH

Online D ion of Liver Ve Filters

article| demo  [archive

1. Select the method to test: ( Antiga
Method computed with: [ No mask

2. Setthe common scale parameters:
o sigma min: |_3.d)

o sigma max: [ 3.0
o steps: [ 2

3. Setthe additional parameters used in Antiga:
o alpha: [ 0.5

o beta: [ 1.0

o gamma: [ 109

4. Customize the display by choosing the mask applied to the result: [ Liver mask (for IRCAD orly) &

@)
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4. Online Demonstration for Custom Experiments (2)

Custom choice
e Select one of the seven algorithms.
e Set the potential parameters: scale or intern.

e Mask with specific areas (for instance liver, dilated vessel).

eoe @M < © & ipol-geomatry.oria.fr B c © 0+ D
o alpha: [_o.5
o beta: 1.0

« gamma: | 10.0]
Nomask

4. Customize the display by choosing the mask applied to the res:

rur) Bifurcation vessel mask

O ot oo scimavindg oo o Sovms 340 1ot 018y i European Rsearch Gounc (dvanced rantTwelvo Labours
ko uppatad by N gant NG 14-4-1-0523, GNES MISS et FU 10 Pl e e, and ANR DG prct ANRAZ:ASTR 0035 19/24
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4. Online Demonstration for Custom Experiments (2)

Custom choice
e Select one of the seven algorithms.
e Set the potential parameters: scale or intern.

e Mask with specific areas (for instance liver, dilated vessel).

ece M < © & ipol-geometryoria.r ) © o +

o alpha: 0.5
o beta:[ 1.0
© gamma: | 10.0

Nomask
Liver mask (for IRCAD only)

4. Customize the display by choosing the mask applied to the resdit [EE I N

Bifurcation vessel mask Il
Fxm)|

fosds . ttter - sormap - conact - recy ply SN 21051232 O 1020

IPOL and is contrbutors August 2015 by the European Research Gouncl (advanced grant Twelve Labours

246961

IPOL i also supported by ONR grant N0O014-14-1-0023, GNES (MISS project), FUI 18 Plein Phare project, and ANR-DGA project ANR-12-ASTR-0035. 19/24
1POL s maintained by CMILA, ENS Gachan, DNI, Univrstat deles lles Baioars, and Fing, Universidad de ia Ropubica

© 20032015, IPOL Image Processing On Line & the authors [ sccess - | (1) sevrce €| G onvn || & S|
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4. Online Demonstration for Custom Experiments (3)

Result visualization
e 3D interactive volume visualisation.
e Superposition of filter results with ground truth.

e Access to the history of experiments with volume preview.

ece M < 0 & ipol-geometryloria.fr g ©@nh + B

Result

In addition to the 3D visualisation, you can download the resultin .nii format or download the reference mesh .obj of .off format.
You can also check the input: here

Jse

The source images are illustrated on following menu (just click on the menu link on the left to load 3D viewer) :

Input masked
image.

5. Conclusion
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4. Online Demonstration for Custom Experiments (3)

Result visualization
e 3D interactive volume visualisation.
e Superposition of filter results with ground truth.

e Access to the history of experiments with volume preview.

eoe M < 0 & Ipol-geometryloria fr “ ®

=3
+
(=]

. IPOL Journal - Image Processing On Line

HOME - ABOUT - ARTICLES - PREPRINTS - WORKSHOPS - NEWS - SEARCH

Online Di ion of Liver Filters

aricle] (demo] (archive

87
THE e 5 no oo I ca50 ou uBoRdad Taeges it 100 con wanl Sppser n the srchve, you can ramove them by cloking on the
comesponding ky and hen lcingover th el tis ey uton.

hour

nca caso of opyright nfingemment or simiar poblem, please contact s t request th removal of some mages. Somme archived coniontmay be delted by
editorial board for size matters, nadequate content, user requesIs, or other reasons.

pages: <<<>>>-12[3]45

ey  73684D0BBSBEID25ATTI0SFFBACIEBEDImages
date  2020/05/10 14:11
sigmamaxs,0

sigmamin 3.0

nbsteps 2

method 00

tme 116254367628
fles  outputixt commands.ixt

key  77EBASTAE21FABOSATIEASTT319BAIDA Images
date  2020/05/10 14:20
sigmamaxs.0

sigmamin 3.0

nbsteps 2

method 0

tme 471888589859
fles  outputixt commands.ixt
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Online demonstration: evolution

Integration of new methods
e Source of demonstration available on GitHub (1).

e New method can be added in coordination to the benchmark
repository.

(1) https://github.com/kerautret/LiverVesselnessIPOLDemo
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Online demonstration: evolution

Integration of new methods
e Source of demonstration available on GitHub (1).

e New method can be added in coordination to the benchmark
repository.

(1) https://github.com/kerautret/LiverVesselnessIPOLDemo

Main steps to add a new methods
e Step 1: add a Pull Request including your algorithm in the benchmark repository:
https://github.com/JonasLamy/LiverVesselness

o Step 2: submit an issue to request the addition of method on repo (1).
— including default parameters and options.
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Online demonstration: export result in other pages

Embedding filter results on other pages

e Displays results on other pages without any particular installation.

e Simple code copy/past of sample code and link URL update.

© 0@ Q cumpeot o vesseiessii x | 4

€ > C & kerauretgithubio/EmbeddingLiverFiterResviewer/ wax @ :

Example of 3D Vesselness Filter Result
Embedding

tion Online Demonstration of Li

Github

Emdedding from the demo page

You can inc Iter results on your own homep: like donein
this example:

5. Conclusion
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Online demonstration: export result in other pages

Embedding filter results on other pages
e Displays results on other pages without any particular installation.

e Simple code copy/past of sample code and link URL update.

©00 0 camectm v x|+

€ 5 C @ KenauegthubloEmbeddingLveFiterResviover) ®wax @

Main steps to reproduce the results

Step 1:fror il and.off e
+ Step 2: Copy the widget code example and replace the data-ur flld from the two previous I

Example: https://github.com/kerautret/EmbeddingliverFilterResViewer
22/24
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5. Conclusion

e 7 vessels enhancement filters readily available.
e A customizable benchmark framework.

e An online demonstration for testing filters on your own data.
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5. Conclusion

e 7 vessels enhancement filters readily available.
e A customizable benchmark framework.

e An online demonstration for testing filters on your own data.

Thanks for you attention
jonas.lamy@univ-lyon2.fr

ICPR Poster session (ID 1031) : 4pm Thursday 14th, PS T5.6

23/24



1. Overview of Benchmark 2. Benchmark Results and Reproducibility 4. Online Demonstration 5. Conclusion

References

@ Alejandro F. Frangi, Wiro J. Niessen, Koen L. Vincken, and Max A. Viergever,
Multiscale vessel enhancement filtering, MICCAI, 1998, pp. 130-137.

ﬁ Tim Jerman, Franjo Pernus, Bostjan Likar, and Ziga Spiclin, Enhancement of
vascular structures in 3D and 2D angiographic images, IEEE Transactions on
Medical Imaging 35 (2016), 2107-2118.

Max W. K. Law and Albert C. S. Chung, Three dimensional curvilinear structure
detection using optimally oriented flux, ECCV, 2008, pp. 368-382.

E. Meijering, M. Jacob, J.-C.F. Sarria, P. Steiner, H. Hirling, and M. Unser, Neurite
tracing in fluorescence microscopy images using ridge filtering and graph searching:
Principles and validation, ISBI, 2004, pp. 1219-1222.

ﬁ Odyssee Merveille, Hugues Talbot, Laurent Najman, and Nicolas Passat, Curvilinear
structure analysis by ranking the orientation responses of path operators, IEEE
Transactions on Pattern Analysis and Machine Intelligence 40 (2018), 304-317.

ﬁ Yoshinobu Sato, Shin Nakajima, Hideki Atsumi, Thomas Koller, Guido Gerig,

Shigeyuki Yoshida, and Ron Kikinis, 3D multi-scale line filter for segmentation and

visualization of curvilinear structures in medical images, CVRMed-MRCAS, 1997 /%



	1. Overview of Benchmark
	2. Benchmark Results and Reproducibility 
	4. Online Demonstration for Custom Experiments
	5. Conclusion

