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ABSTRACT

Volumetricliversegmentationisaprerequisiteforlivertransplantationandradiationtherapyplanning.
Inthispaper,dilateddeepresidualnetwork(DDRN)hasbeenproposedforautomaticsegmentation
ofliverfromCTimages.ThecombinationofthreeparallelDDRNiscascadedwithfourthDDRN
inordertogetfinalresult.ThevolumetricCTdataof40subjectsbelongsto“CombinedHealthy
Abdominal Organ Segmentation” (CHAOS) challenge 2019 is utilized to evaluate the proposed
method.InputimageconvertedintothreeimagesusingwindowingrangesandfedtothreeDDRN.
TheoutputofthreeDDRNalongwithoriginalimagefedtothefourthDDRNasaninput.Theoutput
ofcascadednetworkiscomparedwiththethreeparallelDDRNindividually.Obtainedresultswere
quantitativelyevaluatedwithvariousevaluationparameters.Theresultsweresubmittedtoonline
evaluationsystem,andachievedaveragedicecoefficientis0.93±0.02;averagesymmetricsurface
distance(ASSD)is4.89±0.91.Inconclusion,obtainedresultsareprominentandconsistent.

KEywoRDS
Computed Tomography, Convolutional Neural Network, Dilated Deep Residual Network, Dilation, Dilation 
Convolution Filter, Semantic Segmentation, Windowing

INTRoDUCTIoN

Theliveristhelargestinternalorganinhumanbody,whichissituatedrightsideoftheabdominal
region. This organ performs the second-largest number of functions, such as detoxification of
chemicals,drugmetabolizationandbilesecretion(Glenissonetal.,2014;Thapa&Walia,2007).
AccordingtoWHO,about46%ofglobaldiseases,59%ofthemortalityisbecauseofchronicliver
diseases(WHO,2012).Liverdiseasesaremajormedicalproblemsandmortalityreached216,865or
2.44%ofthetotaldeathsinIndia(Asrani,Devarbhavi,Eaton,&Kamath,2019).

ThemostcommonlyComputedTomography(CT),Ultrasonography(US),Magneticresonance
imaging(MRI)areusedforearlyprognosisandanalysisofanatomicalabnormality.CThasoften
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favoredmodalityfortheidentificationofdifferentcancersbecauseitprovideshighcontrast,high-
resolutionandimageacquisitionisfastercomparedtoothermedicalimagingmodalities(Beutel,
Kundel,&VanMetter,2000).Liversegmentationhelpstheoncologisttomeasurethevolumeofthe
liverfrom3Dmedicalimagesinradiationdoseplanning.Livervolumeestimationisthemostdifficult
andchallengingtaskamongresearchers.Sinceliveranditsneighboringorganshaveapproximately
similargraylevelintensitysoitisdifficulttodelineatetheliverboundaryprecisely(Figure1(a))
andliverdividedintotwoparts(Figure1(b)).

Windowingisoneofthecontrastenhancementmethodswhichperformgraylevelslicingto
eachpixelinanimage.Amedicalexperthastosetthewindowsettingstoobservepathologywithin
animage.Eachwindowshowsadifferentappearanceintermsofvaryingcontrast.Windowingisa
subjectivematterwhichchangesfrompersontoperson.Thereforesameideaisusedwhiletraining
thenetworkarchitecturefordifferentwindowsanditsaggregation.Literatureshowsasingle-window
usedfortrainingthedeeplearningmodel,whichhaslimitedlearningcapability.Differentwindowing
representsan imageatvariousgray-levelquantizationanddilationconvolutionenhance learning
capabilityatvariousspatialresolutionofaninputimage.Theproposedmethodisanamalgamof
dilationconvolutionandwindowingmethodalongwithauniquenetworkconnection.

Convolutional neural network (CNN) is a combination of various building blocks such as
convolutionallayer,poolinglayerandfullyconnectedlayer(Li,Jia,&Hu,2015).TheCNNbecomes
dominantinsemanticsegmentationformedicalimageanalysis.Residualnetwork(Res-Net)isoneof
variantsofCNN.Ithelpstoincreasethedepthofnetworkalongwithlearnableparameterswithout
increasingthecomputationalcomplexity.Dilationconvolutionextractfeaturescorrespondtoadjacent
neighborpixelsandintervalneighborpixelsasperthedilationrate.

Inthispaper,weareproposingaCascadedDDRNfortheautomaticsegmentationofliver.Three
similarDDRNareconnectedinparallelandtrainedseparatelyfordifferentwindows.Theoutputs
ofthreeDDRNcombinedwithoriginalimageandfeedsthroughthefourthcascadedDDRN.All
DDRN have same architecture and learnable parameters. The proposed method achieved better
performancewhilecomparingitwithevaluationparameters.Thisnovelcascadingtechniqueisable
toremovefalse-positiveresultsfrompredictedmapsandachievedsubstantialAverageSymmetric
SurfaceDistance(ASSD),HausdorffDistance95(HD95)evaluationvalues.

Figure 1. Example of liver segmentation challenges (Axial View of 3D CT Scan) (a) Liver and heart intensity homogeneity highlighted 
by star (b) Liver divided into two parts highlighted by star
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