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Given a skeleton made of line segments we describe how to obtain a coarse mesh (or scaold) of a surface surrounding it. We emphasize in this abstract the key result that allows us to complete the approach in [3] that could not treat skeletons with cycles.

1 Introduction keletons re used in Qh grphis for modeling nd nimting rtiulted shpesF he user n design omplex shpe y skething simple nd intuitive geometri ojet tht is the input to surfe generting lgorithmF sn the ontext of this pper skeleton is set of sptil line segments tht do not interset exept t the endpointsD then lled jointsF st is used to mthemtilly dene surfe round the skeletonX y onvolutionD y osetD or other kind of distne surfe IQF yne surfe is properly dened it must e trnslted into n lterntive representtion either for visuliztion @meshA or for lol editing @xfsD splinesD etAF he issue is tht usully the new representtion is not relted to the originl skeleton nd so the user loses ontrol over the modelF o overome this skeletonEsed mesh genertion method is neededF he ide developed here is to onstrut orse4 mesh round the skeletonD s regulr s possileD nd resemling the struture of the skeletonF his mesh is then used to generte the representtion of the mthemtil surfeF pollowing the terminology of II we ll this proess scaolding nd the orresponding orse mesh scaoldF yne of the proposed ides for the mesh reonstrution ws the method of fEmeshes WD it retes retngulr ge round eh piee of the skeleton tht re stithed together to mke losed meshF he min drwk of this method is tht the stithing proess ould led to irregulrities t the jointsF eentlyD f&rentzen et lF Q proposed method lled w @keleton to udEdominnt polygonl weshA going in the opposite diretionX they rst dene the mesh points round the joints nd then rerete qud sed tuulr4 polyhedrl surfe round eh line segmentF w onsists of two stepsX @iA Partition the unit sphere entered t the joints into ellsD one for eh inident line segmentY eh ell is dened y n ordered set of points on the sphereF @iiA grete sleevesD iFeF link the verties of the ells t the extremities of eh line segmentF por the retion of the sleeves the extreml ells must e omptileD tht is they must hve the sme numer of vertiesF he prtition of the sphere in f&rentzen et lF Q n e reognized to e oronoi digrm on the sphereF sn order to mth the ells they propose n lgorithm for inserting dditionl verties on the oundry of the ells in suh wy tht ll the sleeves n e simultneously retedF et this lgorithm does not work in the presene of ylesF purthermore there is no nlysis on the optimlity of w with respet to the numer of linksF he ontriution we emphsize in this strt is tht we prove the proE ess outlined ove is fesile even in the presene of ylesF e present method whih uses snteger viner rogrming nd omputes n optiml soE lution minimizing the numer of verties for the prtition of the sphere t the jointsF pesiility is proven thnks to numeril hrteriztion y ivin IP of grphs omintorilly equivlent to insried polyhedronsF yur minimiztion riterion is wht gives the orsest4 meshD mong those sed on oronoi prtitions of the spheres t the jointsF st is worth mentioning tht nother prtition of the sphere is introdued in IID prtition into qudrnglesD whih therefore mkes the mthing of ells trivilD the vet eing tht the onvexity of the ells is not gurnteedF 2 Formalization of the geometrical problem sn this pper skeleton is nite set of sptil line segments stisfying the following propertyX ny two line segments interset t most t one of their endpointsF e skeleton denes nturlly grph G S a @V S ; E S A @following the nottion in TAD y identifying the set of verties V S with the set of ll endpoints in D nd the set of edges E S with the set itselfF he grph G S will e lled the skeleton graphF en edge e P E S onneting two nodes a; b P V S n e lterntively represented s abF sf e a ab we sy tht e is incident to a @or bA nd will e denoted e ( a @or e ( bAF s e denotes the line segment in ssoited to eF he unit sphere entered t node v P V S is denoted S v D nd e v a fs e S v j e P E S ; e ( vg is the set of the intersetion points of the line segments inident to v with the unit sphere entered t vF he Voronoi diagram P of e v on the sphereD denoted or@e v AD prtitions the sphere S v into regions fR v e g e(v D where @S v s e A P R v e D tht re delimited y rs of gret irles IDIHF e region R v e is thus well dened y n ordered set of points on S v tht we ll the ell C v e F his set of points onsists of the end points of the rs delimiting R v e nd t lest one dditionl point per r to remove miguityF he numer of points hosen on r of C v e will e lled the number of subdivisions for tht rF e scaold u S is dened s pir @P S ; ¨SAD stisfying @IA P S a fg v j v P V S g where eh g v a fC v e j v P V S ; e P E S ; e ( vg is fmily of cells representing prtition of S v ording to or@e v AF @PA ¨S a f e j e P E S g is fmily of ijetions e etween C a e nd C b e for e a abF por e ( v nd C v e a @p 1 ; p 2 ; : : : ; p n A we sy tht p i is linked with e @p i AF he term sold is visully4 justied y the followingX if we try to visulize u S y drwing line segment etween ny pir of linked elements of P S we n see struture tht resemles set of solds4 round the skeleton F yur gol is to prove tht the oronoi ells n lwys e sudivided so s to uild soldF por tht we need the ells C a e nd C b e @e a abA to hve identil numer of pointsF he point insertion strtegy desried in Q does not work in the presene of yles in the skeletonF e model the prolem of mthing the ells s n snteger viner rogrm @sA SF e shll prove rst tht the s is fesileF hus we n provide n optiml solution using the frnhEndEfound lgorithm SD pge PUVF vet e e set of points on P dimensionl sphere nd or@eA its P dimensionl spheril oronoi digrmF he Delaunay triangulation hel@eA is the dul of or@eA PF or@eA is lso dul to the sptil onvex hull of e in the surrounding Q dimensionl spe RDVF his mens tht the heluny tringultion is omintorilly equivlent to the onvex hullF por eh v P V S let E v e the set of edges of hel@e v AF ih edge in E v represents ommon oundry etween two regions in or@e v AF por f P E v we dene positive integer x v f lled weight representing the numer of sudivisions to e done to the orresponding rF he numer of elements in ell C v e @v P V S D e P E S nd e ( vA is given y g ; V e P

¨S

x v h P Z; x v h ! I; Vh P E v ; v P V S @IA sf this s is fesile then it will hve t lest one optiml solutionF he fesiility of the system @IA is the min result presented in this strtD whih we stte in the following theoremF Theorem 3.1 The set of linear equations @IA has a solution with all the entries x v h in the set of positive integers.

he ide of the proof is to show tht for v P V S D the local liner system X f2Ev f((Sa\se)

x v f a v Ve ( v; e a ab P E S @PA hs solution in the positive integers with v lso positive integerF he vlues xv f long with v stisfying @PA will e lled local solutionF sndeed ssuming there re lol solutions @x v f ; v A for ll v P V S then there is glol solution

x f given y x f a

x v f a @= v A ¡ xv f where a Q u2V S u F he existene of rel positive solution for the lol system @PA omes from the ft tht hel@e v A is omintorilly equivlent to the onvex hull of e v whih is n insrile polyhedronD nd the following numeril hrterE iztion due to ivin IP @sttement extrted from UAF Proposition 3.2 If a graph is of inscribable type then weights w can be assigned to its edges such that:

(i) For each edge e, H < w@eA < I=P.

(ii) For each vertex v, the total weight of all edges incident to v is equal to 1. yne then rgues tht if there is rel positive solution then there must e lso n integer positive solutionF 4 Application and examples he method outlined in this pper hs een implemented nd used suessE fully for solding skeletonsF st hs een tested for wide vriety of models inluding losed skeletonsF st is integrted in projet iming t the visulE iztion of onvolution surfesF ome results re shown in pigure IF 

  ab P E S the ijetion e P ¨S tells us tht the ells C a e nd C b e in u S must hve the sme numer of elementsF yn the other hnd the totl numer of links in u S is given y the sum of ll the weightsD thus our s is formlized s

Fig. 1 .

 1 Fig. 1. Example skeletons and scaolds (skeletons in red, endpoints in green, Voronoi cells in white, links in cyan, scaold-based mesh in dark green).
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