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Abstract

Retrieval of 3D modelshas becomean important issue due to the increasein the number of digitized objects
that are available in manydifferentfields. Whenstoreddata presentsdefectssuchas holes,accurateand reliable
repairing tools are neededto solvetheseissues.In this work we presenta comparativeevaluationof hole filling
algorithmsfrom the local and global perspectivemeasuringquantitativelythe quality of the repaired meshesand
describingthe impactthesetools haveon the models We do this by mappingholesfrom one meshonto anotherin
order to createa synthetiodatasetwith realistic holesand groundtruth and usethe Hausdorffand RMSdistance as
well as the meanangular deviation,to quantify the errors. The resultsshowthat the performanceat a local level
is similar for all comparedmethodshut large differencequp to 20%) appearwhenviewedat a global level, where
algorithmsthat usevolumetricrepresentationgntroducesignificantchangesn theoriginal models.

CategorieandSubjectDescriptorgaccordinglo ACM CCS): 1.3.5[ComputerGraphics]:ComputationalGeometry

andObjectModeling—Curve surface solid, andobjectrepresentation

1. Introduction

Digital 3D modellinghasbecomean importantcomponent
in avariety of fields rangingfrom purely scientificto indus-
trial sectorsThisin turn hasleadto the generatiorof search
toolsthatarecapableof organizingmanagingandretrieving
sampleof modelsin theseareas Retrievinga samplefrom
a databaseanbe doneusing global or partial matchingor
a combinationof both. Global matchingmethodsarerobust
againssmallchangesn themodel ando topologicaldegen-
eracies but may not be ableto capturesubtleshapediffer-
encesthat might be neededn certainapplications[TVO08].
Local matchingmethodsare capableof encodingshapede-
tails and can perform local matching,but local shapede-
scriptorsare sensitiveto the model geometricand topolog-
ical conditions.Furthermorethe reliability and accuracyof
theresultsof the queriesperformedon searchtools depends
on specificdomains.For instance applicationsof morpho-
metricsthatstudytherelationbetweercraniofacialstructure
andbiological disordersrequiremodeldescriptorswith suf-
ficient discriminativepowerto separatanodelsthat exhibit

differencesn the orderof millimetres[HBB*10,CBN*12].

mental disorders associated with early developmental dis-
ruption [HBB*10]. To this end we have acquired a set of
3D meshes of the face with a hand-held laser scanner. While
this technology allows very accurate reconstruction of most
surfaces $TD09 BF03, it also suffers from some specific
limitations. Holes on the object model can be generated in
cases where there is poor reflection of the laser (e.g. the eye-
brows) or in regions where the surface bends in such a way
that the reflections can not be captured by the camera (e.g.
the ears).

In this case, given the subtle differences between mod-
els (3D surfaces of patients and controls), global matching
approaches do not have the accuracy required to discrim-
inate samples from one another. On the other hand, local
approaches require local shape descriptors, which may be
sensitive to geometric and topological differences. For in-
stance, descriptors such as Spin Imaget9f are affected
by holes because the missing points cannot contribute to the
computed histogram. Figueshows an example of the vari-
ation between the histogram in the presence and absence of
a hole where the difference between descriptors can reach up

Our interest lies in the analysis of facial structure and the to 30% of the maximum value of the descriptor. For this rea-
subtle differences that appear therein as a consequence ofson the availability of complete, clean models is an impor-
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tant requirement for applications that require highly accurate context of the state-of-the-art in hole filling and its evalua-
data. tion. Secondly, we describe the data set employed and we
proceed to generate the synthetically enhanced dataset by
mapping holes from one mesh to another. Thirdly, we eval-
uate the performance of the algorithms on a set of surfaces
that contain real holes. Finally we present the conclusions.

2. Related Work

Different hole filling algorithms have been presented in the
literature which can be classified in two main groups: global
and local approaches.

Global approaches use an intermediate representation of
the model to perform hole filling, usually consisting of a
volumetric grid. Other possible representations include Oc-
trees Ju04 and their combinations with graphBR03. In
general, the idea is to associate a signed value distance to
each voxel depending on whether it is inside or outside of
the model’s volume. The surface is reconstructed by separat-

Figure 1. Exampl_e of the Sp.in Image de_scriptor for the in- ing the voxels with different signggJL.96, DMGL02, NT03,

ner eye corner. Right column: Descriptor in absence of hole FIMKO7]

(top), difference (middle) and descriptor in the presence of '

hole (bottom). Regions on which descriptors were extracted  Subsequently the hole filling operation can be per-

are illustrated in the left column. formed by iterative diffusion principles (Davis et al.
[DMGLO2]), applying Marching Cubes on the mesh (Guo
etal. [GLWZ06]) or fitting quadratics to the signed distance

In this work we are interested in comparing and evaluating function (Masuda et al.Mlas04). It can also be done by

algorithms for hole filling on triangulated meshes acquired shriking the area of the hole using anisotropic partial dif-

by a laser scanner. Our goal is to quantitatively measure the ferential equations (Verdera et a/CBS03) or iteratively

difference between the solutions generated by different al- changing the signs of the voxels of an interpolated surface

gorithms and the original meshes. This is made feasible by (Sakawa and Ikeuch5]08)).

a strategy of hole mapping, where real holes from one cap-

tured surface are mapped onto another surface that has beert‘heci;r|10?J?lrﬁggtz%zcr::%flwz\i/t?;ﬁm;igrl;l:t?:)?jr;ny:tm:;?seﬂ:t
captured in the same way, but is free of holes in the region P A y

. of a single connectedbjectto guaranteea global solution.
of interest. . : . .
Futhermore by using an intermediaterepresentatiorthese
Despite the large amount of hole filling algorithms in  methodscansolve non-manifoldnessindtopologicalissues
the literature, the evaluation of these methods is usually re- with no ambiguities However,the sameintermediataepre-
stricted to aesthetic aspects (such as subjective evaluations ofsentationmay lead to aliasingdegradingthe appearancef
visual quality), to the level of correspondence of the gener- the modeland causinginternalstructurego be replacedby
ated patch with the sample density of the surrounding mesh acoarseouterhull.
(enumerating the number of points, triangles and their size)
or processing time. Many of these algorithms are typically
b
evaluated on a reduced number of models and, although
these models would enable direct comparison with ground
truth data, this type of evaluation is rarely done. Further-
more, in synthetically generated models it might be difficult
to reproduce holes in a realistic manner.

In local approaches the first step is usually to detect
oundary edges and define the holes. Once the boundaries
have been defined, the contours of the holes may be pro-
jected on 2D to perform the hole fillingTC04, WOO07,
BWS*09]. These approaches work in cases where holes do
not have a complex geometry at the boundary. When the pro-
jections present intersections, holes can be divided using cri-
With this work we intend to contribute to the research teria based on fitted polynomial blendingfz08,LMW10].

community by providing an insight into the features and The patching triangulation can then be generated using a

limitations of state-of-the-art hole filling algorithms with re- ariety of mechanisms. Liepa 203 minimizes the max-
spect to their impact on the final mesh, and provide a clear “aMeY ! - Hlepal inimiz X

quantitative measure of performance of the compared algo- 'CTT‘L d;?egzﬁ:rjggeé:lljeeg;tvkgevrl;fdz.]a?gﬁ:ye?eegrg‘; the
rithms in the context of real, accuracy-sensitive data. P 9 | 9
hole boundary, Zhao et alZ{zL07] apply the Advanc-

The work is presented as follows. Firstly, we establish a ing Front Mesh technique (AFM), Branch et aBRB0qG
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use Radial Basis Functions and Pfeife and Seid&596 3.2. HoleMapping
use B-Splines. Finally, the generated patches are smoothed
using fairing procedures like thin plate energy functional
minimization (Pfeife and SeidelP[S96), umbrella opera-

tor (Liepa [Lie03]), energy minimization based on mechan-
ical models (Pernot et alPMV06]), Poisson PDE (Zhao et

We wish to comparethe patchesgenerateddy hole filling

algorithmsto somereferenceor groundtruth. Evidently, in
the presencef a hole, theactualsurfacedatais missing.As
a solution, we generateour groundtruth by mappingholes

al. [ZGLO7]) or bilateral filtering (Hu et al. HWLL12]). ggtt‘\’,"vgesrbﬁ?gge(ghfgtcég'n%”ggfaefétg;il mGaHSpi r?gfdl 232 glﬂi
In the caseof local approachesa commonassumptioris S. Whencapturedthesesurfacesgeneratehe triangulated

that of input manifold mesheswith no singularitieson the meshesM 1 and Mo, respectivelyLet hy C S bea portion

hole boundarieqi.e. no two adjacentholessharea vertex) of the surfaceS; that is not captured,becominga hole of

andno islands.An importantrequiremenbf thesemethods M1, which we indicateby:

is that of orientablesurfacesat leastin the vicinity of the . .

hole. Someof the approachesre capableof dealingwith Manhy=0hy, S My =y D

complex-geometryholes, but holes with irregular bound- wheredh; is the boundary of the hole, which is the only

aries representa common limitation. Local methodsmay information available about it from\11. If the holeh; maps

generatetriangulationswith intersections,degenerateele- into a hole-free region dfl, i.e. if

mentsand may evenbe unableto fill holescompletely(i.e. _

whenthe generatedriangulationgeneratesion-manifolds). Mz fra(hn) = faz(hn) @)

By operatingon local regionsof the surface,they modify then we get a synthetically generated hb@) = f1o(hy)

the mpdelsfar lessthan global methods. For a more ex- with ground truthM, N h<12). If the mapping is accurate, the

haustiveandthoroughsurveyon general3D meshrepairing ) o .

algorithmsthe readeris referredto [JUO9 ACK13]. generate hold;,” has both realistic shape and location on
My as much a$; does orM;.

To estimate the mappinf; > we combine the conformal
mappings of$; and S,. Given that the face is (approxi-
The evaluation of repairing algorithms, and in particular mately) a genus-0 surface, it can be mapped conformaly
of hole filling, is usually done in terms of the number of intothe 2D domain. The conformality condition ensures that
elements and/or points introduce@R05 LMW10, WOOQ7, the angles are locally preserved, hence minimizing mapping
HWLL12,WLGO03], the areas or quality of the triangles cre- distortion. At least two corresponding points are needed to
ated [FBG98 ZGL07, HWLL12], visual quality of the re- make the mapping unique, but additional points can be added
suting mesh GLWZ06,DMGLO02,Lie03,PMV06,LMW10] to increase robustness and produce a Least Squares Confor-
or processing time§OS04NT03 CL96,LMW10,WLGO03]. mal Mapping LPRM0Z.

To the best of our knowledge, to date there has not been a
quantitative evaluation of hole filling algorithms in terms
of the numeric quality of the patches produced (e.g. met-
ric differences between surfaces). This point is important for
a number of applications in medicine such as forensics and
morphometrics or reverse engineering, where a reliable esti-
mation of missing information can be important for further
processing of the data.

2.1. HoleFilling Evaluation

In this work, we used a set of 26 anatomical landmarks
there were manually annotated on each of the input surface
by experts in human anthropometifKWO02]. By setting
the 2D coordinates of these landmarks to a fixed position
for all meshes, we obtain a common 2D dom&ins R2
and piecewise linear mappings from it to each surface, e.g.
gl:Q—>SlandgzzQ—>Sz.

Thus, we can relat§ and S, by fip = g2ogy . This

is possible because if a mapping is conformal, its inverse is
3. Methodology also conformal. In case a hole frolfy is partially mapped
The pipeline of the work presented here for comparison and t0 @ hole orMy, this mapping is discarded.
evaluation consists of four blocks: Data acquisition, hole  Erom our initial set of 144 facial scans, we randomly se-
mapping, hole filling and evaluation. lected pairs of surfaces and produced the mapping of its
holes as explained above. We obtained 200 scans which con-
tain over 800 holes. Figur2 shows an example of the pro-
cess described above.
The data used in this work consists of 144 3D laser scans of
the face acquired with a hand held Polhemus scanner at the
Royal College of Surgeons in IrelanH$03. This scanner
can achieve resolutions of. D mm (05 when scanning ata  We have chosen examples of tools and algorithms that use
distance of 200 mm) with an accuracy ofl® mm [STD09 local and global approaches. We compared tools that are
BF05. publicly available and are able to process all images with

3.1. Data Acquisition

3.3. HoleFilling
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Figure 2: Mapping the holesfrom one surfaceto another.
Left: Sourcemeshfrom which to map the holes; Middle:
Groundtruth (targetymesh;Right: Resultof the hole map-
ping process.Hole deformationin the targetmeshresults
from the differencein the geometry(the targetfaceis larger
andmoreelongated)positionsof the sampledpointsandtri-
angulationsetweersourceandtargetmeshes.

no user interaction. We have also implemented two state-of-
the-art algorithms ZGL07] and [HWLL12] based on local
approaches.

e \olumetric Diffusion - VF: The method by Davis et al.
[DMGLOZ] first converts the input model into a volumet-
ric grid defined in the immediate vicinity of the surface by
a distance functiod and an associated weighting function
which provides a measure of confidence on the values of
d. The hole filling is done by an iterative diffusion pro-
cess that extendsinwards across the holes until they are
closed. The final surface is obtained applying the march-
ing cubes [C87] algorithm. This method redefines the
triangulation and the sampling of the original mesh. The
authors have made thélFill tool available ahttp://
graphi cs. stanford. edu/ sof tware/ vol fill/.

e Reconstruction by Contouring - PM: Tao [Ju04 pre-
sented a method that generates a closed volume following

three steps: scan conversion, sign generation and surfacee

reconstruction. In the first step, the model is converted
to an Octree that is built incrementally and contains
information on intersection edges. The following step
proceeds to generate cells with signs that are consistent
with intersection edges. In this way, cells that cross
the model show a change in sign. The final surface
reconstruction is achieved separating grid points with
opposite signs, generating a closed object model with
redefined sampling density and triangulation. The Author
has made th®olyM ender tool available at
http://ww. cse. wust| . edu/ ~t aoj u/ code/
pol ymender . ht m

e MeshFix - MF: Attene and FalcidienodF0€] presented
a tool to repair triangulated meshes that generates closed
models representing a single connected manifold with

angle. Subsequently, a refining step is applied by relax-
ing the edges to comply with Delaunay criteria. The gen-
erated triangulation is smoothed by modifying the posi-
tions of the vertices to minimize the normal-field varia-
tion. The Authors have made théireshFix tool available
athttp://sourceforge. net/projects/ meshfix/.
Advancing Front Mesh - Z12: Zhao et al. ZGLO7] pre-
sented an algorithm that fills holes locally in three steps:
Hole identification, AFM and fairing based on the Poisson
equation. Once the hole has been defined, the advancing
front mesh technique adds iteratively a given number of
triangles, based on the angle between adjacent edges at
each vertex. The generated patching mesh is smoothed by
manipulating the gradient field of the mesh instead of di-
rectly manipulating the coordinates. The diffusion equa-
tion is used to deform the gradient field and the Poisson
linear system is solved to derive a surface that matches the
modified gradient field. This method does not modify the
original triangulation or the sampling density.

Minimum Angle - H12: Hu et al. HWLL12] proceed to
locally fill holes in a three step scheme: minimum angle
triangulation, refinement and smoothing. After identify-
ing the holes, triangles are iteratively added based on the
angle between adjacent edges for each vertex. The dif-
ference from the method of Zhao et al. is that triangles
are added considering the consistency of the normals of
neighbouring vertices. This triangulation is subsequently
refined by iteratively splitting the triangles at the centroid
and applying edge relaxation based on Delaunay crite-
ria. Finally, bilateral filtering is applied on the direction
of normals to smooth the patching mesh. The values for
the angles and filter parameters were kept as those pro-
posed in the paper. The density control parameter of the
refining step was set to 1.75 instead of 1.41 given the res-
olution of the meshes used. This method does not modify
the original triangulation or the sampling density.

Mesh Processing Tool - MP: Grimm and PhanGH] pre-
sented a tool for mesh processing (i.e. simplification, de-
noising, curvature computation) and repair that can fill
holes locally with a simple patching scheme without ma-
nipulating the rest of the surface. It can take as parame-
ter the maximum size of hole to fill and patches the hole
by fitting a polygon with the same number of vertices
as the boundary of the hole, but with as few new ver-
tices as possible; in fact, unless the hole is too complex,
the algorithm generates patches that triangulate the hole
from the centroid of the boundary to each of its vertices.
The Authors have made thé¥tranifold M esh Processing

tool available aht t p: // sour cef or ge. net/ proj ect s/
meshprocessi ng/ .

sampling density varying as little as possible from the 4. Bvaluation

input. The algorithm for hole filling is based on that of
Liepa [Lie03], where triangulation is obtained from the
weighting function that minimizes the maximal dihedral

This work aims to compare the quality of hole filling algo-
rithms at a quantitative level. To compare the patched surface
with the original, we adopt the concepts of discrete differ-
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A super-samplingchemewvasimplementedor comparison
of the methodsat patch level, in orderto better quantify

the differenceshetweersurfacesThisis particularlyimpor-

tant given that someof the methodschangethe triangula-
tion of the repairedmesh.An area-basedchemewas im-

plementedn which a giventriangleis divided if its areais
K timeslargerthana predefinedthresholda. Two casesare
consideredif the triangle canbe divided in threetrian-gles
of areaapproximatelyequalto a, only onenew point at the
centroidis added;if it canbedividedin 4,9, .. .,(k + 1)2
trianglﬁsof an areaapproximatelyequalto a, then 3k +

Si—1 i — 1 newpointsareaddedn suchaway thataregular
grid is formed by trianglesof equalarea.Figure 4 shows
examplesof the generatedyrid with 3, 4 and 25 triangles.

Figure 3: Example of captured surface of a mannequin and Taking into accountthat the averagemaximumareaof the
results of the described methods. Top Row from left to right: trianglesin the datasetusedis around15mn?r, we haveset

Original Object,VF, MF, Z12. Bottom row from left to
right: Original SurfacePM, H12, MP.

ential geometry presented by Hildebrandt et llP|V04,

where the notions of total normal convergence are shown to
be equivalent to the convergence of surface area, intrinsic

metrics and Laplace-Beltrami operators.

In particular, we are interested in defining error mea-
sures and, according to the theoretical framework presented
in [HPWO0A, point wise convergence of a polyhedral surface

can be measured by the Hausdorff distance.

Let Sbe the original surface ar@l be the patched surface.

Given a pointp in S, the distance betweepnand§ can be
defined as:

d(p,S) = min [[p—p [2 3
p'es

o = 1.5mnf. Furthermore, as the averafgee

Figure 4: Sampling scheme performed on triangles.5f @
and 375 mn?

hasa surfaceareaof 560cnf, we have focusedthe analy-
sison holesthat arelargerthan2 averagesizetriangles(an

areaof 30mnf or 0.05% of the facial surface),which in
turn representt5% of the total amountof holesgenerated.
The samplingschemewas appliedto both the original and
thereconstructedneshesMoreover,giventhe definitionsof
the distancemeasuresipplied,we haveuseda KD-tree and
performeda nearest-neighbosearchon the super-sampled
point cloudsto find correspondencelsetweenpointsin the

where|| || denotes the Euclidean distance. The forward groundtruth andthereconstructedneshes.

Hausdorff distance betwee&andS can be defined as:

d(SS)=maxd(p.S) @

This is not a symmetric distance, i. €l(S, S/) # d(S/,S);

thus the symmetric Hausdorff distance can be defined as:

ds(S,S) = max{d(S. S ),d(S ,S)} (5)

In out experimentsve usedthe M etro tool [CRS98]to com-
pute the Hausdorff distancebetweenmeshesand a MAT-

LAB function to measurethe distancebetweenpatches.in

practicethe Hausdorffdistanceis sensitiveto outliers and
may provide a disruptedmeasureof disparity betweenthe
surfacesIn contrastithe Root Mean Squaredistances less
affectedby this type of situationsForeverypointp in Sand

acorrespondingnatchingpoint p/ in S it canbedefinedas:

sNi(p—p)2

RMSES S ) = S ®)
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5. Results

All the algorithmsanalizedfill the syntheticallygenerated
holesby the proceduredescribedin section3.2 aswell as
thosepresentin the original mesheswhich are product of
the captureprocess We presentresultsfrom two perspec-
tives. Thefirst considergheperformancet patchlevel com-
paring only the setof generatedrianglesthat overlapwith
thoseremovedfrom the groundtruth. The secondconsiders
the performanceat the meshlevel comparingthe entiregen-
eratedmeshagainstheoriginal one.Figuress, 6 and9 show
thebox-plotsfor all six methodsfor bothmeasures.

In general, the performance at patch level is similar be-
tween the methods, with the exceptionRi . This is con-
sistent for both the HD and RMS measures. In the case of
PM the use of an Octree representation may cause self-
intersections and generate large local distorsions. Further-
more, the comparatively large Inter-Quantile-Range (IQR)
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in both measures, as well as in the mean angle deviation with a piece-wise planar approximation, reducing the area
(shown in figure9), indicates low stability and consistency  of the added portion, whereddF generates an additional

in the solutions generated by the method (Fig)r& 12 also larger surface that renders a smooth transition between the
underperforms when compared to other methods as well. boundaries of the original object, as shown in figlrrtn the
This can be explained by the sensitivity of the algorithm case of VF the intermediate performance can be explained
with respect to the parameters that regulate the size of the by the fact that, although the algorithm uses a volumetric
triangles and, in turn, the density of the generated patching intermediate representation, the diffusion process is only ap-
mesh. If the value is too low with respect to the triangula- plied to boundary regions. As this covers holes within the
tion of the boundary of the hole, small triangles will be cre- surface, it also includes other boundary regions where the
ated and the AFM algorithm may generate rippled surfaces. diffusion may not converge. Thus, as the algorithm modi-
Moreover, if the length of the boundary edges of the hole is fies these regions, they show significant differences with the
not uniform, the algorithm may not converge. In the case of ground truth, as shown in figuBe The quality of the patches

10 10°
® & E ]
i v 3 2
iz ¥ . | { )
. ~ V4 =
. =
L =

-

10° .j';l JEJED —.$JF_|—£
= Figure 7: Original reverse side of a mesh and additional sur-
face added by F (center) andPM (right)
10" Z12 MF MP PM H12 VF 10" Z12 MF MP PM H12 VF
(a) Hausdorff (mm) (b) RMS (mm)

Figure 5: Measures per Patch

performance at mesh level, two groups can be clearly dis-
tinguished representing the local 12, MP andH12) and
the global MF,PM andVF) approaches - see figue Two
of the local methods show a similar performance in terms
of the consistency of their solution$/P and H12). This
can be explained by the initial rough estimation they make
of the patching solution. However, 8P stops theretH 12 Figure 8: Original and output of F. Notice the excess sur-
proceeds to the refinement of the triangulation, which is still face produced
bounded to the initial estimation. This further processing ex-
plains the small differences in performance between these can also be evaluated in terms of the angular deviation be-
two methods. On the other hand, the difference in perfor- tween the normals of the ground truth and the solution gen-
erated by each method, as shown in figdr&iven the lo-
10° 10” cdized nature of the patches, this can be observed better at
a region level. Again, the performance MfP is lower than
, i , = = for the other methods. This is due to the basic approach used
10 s e 10 . . .
= to generate the patching mesh. For instance, in those cases
* == where the hole is not in a planar region, the method estimates
- the centroid of the hole and generates a poor quality triangu-
s — = b 1] lation that has little resemblance to the original surface. This
e can be seen as the highest median of the angular deviation
100 wr wp e i v 10 2 ME e P hia VE among methods. In the casefi¥ the large IQR in the an-
gular deviation reflects the instability and lack of consistency
mentioned before. Regarding the performance of the meth-
ods with respect to the hole size, it can be seen that there is
a gradual degradation as the regions requiring a patch grow
larger. This is particularly well captured by the Haussdorff
distance - see figur#0. Specifically it can be seen thistP
performs rather poorly from this perspective.

- -
10" + [

1

(a) Hausdorff (mm) (b) RMS (mm)

Figure 6: Measures per Mesh

mance between the local and global approaches is explained
by the form of the final solution, which in two caseé4 F and

PM) is a closed object. Between these, the difference lies in
the added portion of the the medPM closes the surface In terms of angular deviation the performance is slightly
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more stable foM F than for the other methods, which is con-

ters.At thegloballevel,thelargedifferencesaretheresultof
the amountof variationto which the original modelis sub-
jected.Thosealgorithmsthat produceclosedobjectmodels
areseenasmoredisruptivefor the typesof modelsusedbe-
cause by changingthe triangulationand samplingdensity,
theyintroducesignificantchangesn the original data.

Among the analyzedmethods,the algorithm by Hu et
al. [HWLL12] hasthe bestbalancebetweenperformance
and triangulationmanipulation. The methodis capableof
filling complex geometryholes and generatesa triangula-
tion similar to that of the neighbourhoodf the hole, while
introducinga limited amountof distortion. The secondbest
option is that of Attene and Falcidieno[AF06] which gen-
eratesa triangulationsimilar to one of the hole neighbour-
hood. This methodgenerates closedmodelthat, although
doesnot altersthe existing original triangulation,modifies
the overall geometryof the objectby addingthe part of the
surfacethat"closes"the object.

As part of future work, we expect to make publicly avail-

sistent with the results shown in figureand9. It should be able a set of models similar to the one used in this work,
pointed out that these results reflect the quality of the output where real holes can be mapped on equivalent meshes. In
of the algorithms at a local level; thus, deformations on the this way researchers will be able to compare the performance

rest of the object are not considered.

6. Conclusions

We havepresented comparativeevaluationof state-of-the-
art methodsfor hole filling of triangulatedmeshesjnclud-

ing our implementatiorof two recentmethods.To compare
andevaluatehe methodswe havegenerated setof ground
truth surfacesy mappingholesbetweermeshesWeimple-

menteda samplingschemewhich is a versatileandrealistic
tool to measurgquantitativelythe quality of hole filling al-

gorithms.

Themeasuresisedconsiderthe performanceof the meth-
odsfrom the local and global point of view. This provides
guantitativemeansof assessinghe capabilitiesof a given
method,andtheir suitability for a specificapplication.The
resultsobtainedshow that the performanceof all methods
is similar at a local level, with small differencesdueto the
simplicity of the approachor the sensitivity to the parame-
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of repairing algorithms with realistic ground truth.
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