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Figure 1: Illustration of our test data generation approach: Starting with an input CH object (left), an exchangeable cutter
object is instanced multiple times (second from left). The intersection of the cutter surface and the CH object’s volume results
in new breaking edges that disconnect the object into fragments (middle). Subsequently, a randomized number of fragments
are removed (right). In our approach, the number and position of cutter object instances as well as fragment removal are
randomized within adjustable boundaries.

Abstract
Recently, 3D digitization and printing hardware have seen rapidly increasing adoption. High-quality digitization
of real-world objects is becoming more and more efficient. In this context, growing amounts of data from the
cultural heritage (CH) domain such as columns, tombstones or arches are being digitized and archived in 3D
repositories. In many cases, these objects are not complete, but fragmented into several pieces and eroded over
time. As manual restoration of fragmented objects is a tedious and error-prone process, recent work has addressed
automatic reassembly and completion of fragmented 3D data sets. While a growing number of related techniques
are being proposed by researchers, their evaluation currently is limited to smaller numbers of high-quality test
fragment sets.
We address this gap by contributing a methodology to automatically generate 3D fragment data based on syn-
thetic fracturing of 3D input objects. Our methodology allows generating large-scale fragment test data sets from
existing CH object models, complementing manual benchmark generation based on scanning of fragmented real
objects. Besides being scalable, our approach also has the advantage to come with ground truth information (i.e.
the input objects), which is often not available when scans of real fragments are used. We apply our approach to
the Hampson collection of digitized pottery objects, creating and making available a first, larger restoration test
data set that comes with ground truth. Furthermore, we illustrate the usefulness of our test data for evaluation of
a recent 3D restoration method based on symmetry analysis and also outline how the applicability of 3D retrieval
techniques could be evaluated with respect to 3D restoration tasks. Finally, we discuss first results of an ongoing
extension of our methodology to include object erosion processes by means of a physiochemical model simulating
weathering effects.
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1. Introduction

With recent advances in 3D data acquisition technology, in-
creasing volumes of 3D object data become available. These
not only comprise complete objects, but in many cases, also
partial or fragmented objects. The latter is an important is-
sue in digital archeology applications, where the problem is
to reassemble or complete plausible shapes from sets of po-
tentially incomplete and eroded fragments. Since the manual
restoration process is tedious, error-prone and hardly less
resource intensive than directly reassembling/restoring the
real CH objects, automatic restoration of the digitized mod-
els is desirable. Recent advances in 3D similarity search are
promising in supporting data-driven, scalable shape restora-
tion. Typical tasks in object restoration include the reassem-
bly of fragment sets as well as the completion and inpainting
of candidate objects [GSP∗14].

The development and evaluation of object restoration re-
quires test data to evaluate inform the design of algorithms
and the evaluation of precision and timing properties of the
devised methods. However, currently available real test data
is very limited. Creating additional data is expensive, due to
the need to first fragment and scan physical objects. Further-
more, and especially in fragment data sets from the archeol-
ogy domain, the ground truth (i.e. complete, original shapes)
is often not available. This makes it difficult to quantitatively
assess the performance of restoration methods. Computa-
tional approaches to fragmentation and erosion of 3D ob-
jects can provide a solution to overcome this experimental
bottleneck and provide a larger variety of test objects. How-
ever, there are practical and conceptual problems involved
in synthetic generation of fragment data from whole objects.
First, the fragmentation process needs to be modeled. Ide-
ally, this should include a plausible physical model of the
fracturing process, including specification of structural and
material properties of the objects, as well as time-dependent
forces exerted on the objects. Furthermore, one may want to
take into account long-term effects of erosion, which usually
degrade the fragment shapes in several ways. Again, this will
depend on a multitude of material and environmental factors,
among others.

The above mentioned problems in creating fracture data
sets are substantial and hard to solve all together. A thorough
treatment would need to take into account complex physical,
mechanical and chemical processes and would be governed
by a vastly large computational complexity and parameter
space that result out of the object’s material properties and
an even more broad and complex range of environmental
conditions that can be expected to often change over time.
Even if enough information of the environmental conditions
can be plausibly compiled for a then also inherently specific
case, doing so would clearly require expertise from various
natural science domains. In this paper, we circumvent this
issues and propose a simple but resource efficient baseline
technique to coarsely approximate a fracturing process for

the generation of benchmark data sets for 3D object restora-
tion. It is based on a volumetric operation involving a suit-
able (so-called) cutter object which is applied to an input
object. Based on a random placement of this cutter object in
conjunction with a size-based fragment selection, we create
object fragments as the basis for benchmarking. Although
this is a simple heuristic scheme which is not based on phys-
ical simulation, we show that we are able to obtain visually
plausible data sets by this method. The applicability of the
generated data is shown by visual inspection, and by exem-
plary application and evaluation of main processing steps in
3D restoration.

The remainder of this paper is structured as follows. In
Section 2, we recall related work in 3D shape retrieval and
benchmarking. In Section 3, we describe our methodology
for creation of fracture benchmark based on volumetric ob-
ject processing. Then, in Section 4 we apply our method and
present a fracture benchmark data set, based on the well-
known Hampson benchmark of whole objects from the Cul-
tural Heritage domain. In Section 5 we show results of us-
ing our data for benchmarking of current shape restoration
methods. In Section 6, we present a preliminary extension of
our data generation process by including simulated weather-
ing effects, and by discussing further extensions and appli-
cations of our benchmark. Finally, Section 7 concludes.

2. Related Work

2.1. Retrieval and Restoration Methods

Although there are a large number of methods for retrieval
and restoration, we only focus on those closely related to
the manipulation of fragmented objects in the cultural her-
itage domain. We divide the presentation in three main tasks:
retrieval, reassembly and repair. In the context of cultural
heritage, shape retrieval has proven to be effective because
it provides tools for supporting tasks such as classification
and restoration. For example, the categorization of several
classes of pottery objects using view-based descriptors was
proposed in [KPL∗10] and [KC11]. The common pipeline of
these two approaches considers the computation of several
descriptors (2D Zernike moments, character-based encod-
ing and profile features) and their combination for assess-
ing the similarity between two CH objects. Similarly, but in
the context of partial shape retrieval, Sfikas et al. [SPK∗14]
proposed to use panoramic views along with the Bag-of-
Features approach to measure the dissimilarity between CH
objects. Also, Savelonas et al. [SPS14a] applied a Fisher
encoding on histograms of geometric features to tackle the
problem of partial shape retrieval in pottery objects. On the
other hand, Biasotti et al. [BCFS14] proposed to combine
geometric and texture features for the categorization of ho-
mogeneous artifacts.

Another interesting problem in CH is object reassem-
bly. Given a set of input fragments, the goal is to solve
the 3D puzzle and reconstruct the complete object. An en-
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compassing reassembly pipeline based on fracture surface
identification for local and global matching of fragments has
been introduced in [HFG∗06a]. A variational approach was
proposed by Litany et al. [LBB12] where the reconstruc-
tion was formulated as an optimization problem. Recently,
Mavridis et al. [MAP15] proposed a registration-based al-
gorithm to match pairwise fractured surfaces. Differently,
Huang et al. [HFG∗06b] took advantage of local features
to propose an algorithm to find reliable correspondences in
fractured surfaces. Likewise, Papaioannou et al [PKT02] de-
fined a matching algorithm based on the computation of the
geometric surface error of fractured regions. In a similar
manner, Zheng et al. [ZHLW14] defined a geometric error
between profile curves to assess the matching between bro-
ken objects. In contrast, a semi-automatic algorithm has also
been described in [MRS10]. In this method, a user provides
a first alignment which is further refined using a variation of
the ICP algorithm.

A number of methods have been proposed to address the
problem of CH object repair. Li et al. [LYW∗11] specifi-
cally exploited the symmetric information of human skulls
for repair. More generally, Sipiran et al. [SGS14] proposed
a symmetry-preserving function which allows to detect ap-
proximated symmetry planes, even in very damaged objects.
These planes are subsequently used to synthesize missing
geometry. Also, Harary et al. [HTG14] devised an algorithm
that take advantage of self-similarity to repair large holes in
3D meshes. On the other hand, Adán et al. [ASM12] de-
scribed a semi-automatic procedure to repair complex CH
objects guided by cone curvature features and manual align-
ment. Not only from the aforementioned methods, it is possi-
ble to identify a lack of a structured methodology to evaluate
the methods in a consistent way. To enable a more informa-
tive comparison of the growing number of approaches in the
field, we address the benchmarking and evaluation of CH-
related restoration methods.

2.2. Retrieval Benchmarks

The number of datasets for evaluation of shape retrieval tasks
is growing fast. They span from benchmarks for generic
tasks (such as global retrieval, partial retrieval and non-
rigid shape retrieval) to task-specific benchmarks such as
molecule retrieval or face retrieval, among others. Indeed
the Shape Retrieval Contest (SHREC) is an important re-
source to illustrate the large variety of benchmarks that
currently exist. A recent compilation of 3D benchmarks
including retrieval datasets can be found in [GZLW14].
In fact, as partial shape retrieval is closely related to the
problem we want to tackle, it is worth to mention the re-
cent comprehensive study of partial shape retrieval algo-
rithms presented by Savelonas et al. [SPS14b]. Neverthe-
less, as the problem of using retrieval for analyzing frag-
ment sets is relatively new, there is no benchmark that would
accommodate this specific goal. On the other hand, from

the point of view of cultural heritage and to our knowl-
edge, the Hampson dataset (http://hampson.cast.
uark.edu/about_technology.htm) is the only one
that provides scanned CH objects. However, this dataset is
intended for classification tasks on mostly complete models.
Therefore, and since we aim at producing a near-to-real CH
benchmark for restoration, we decided to adopt the Hamp-
son dataset to showcase the applicability of our approach.

3. Object Fracturing Methodology and Implementation

To generate data that can be used for benchmarking the ef-
fectiveness of 3D Retrieval and 3D Restoration methods on
fractured CH Objects, we propose a method that produces ar-
tificial fragments from arbitrary, watertight input shapes. As
outlined in section 1 and discussed in e.g. [CYFW14], simu-
lating physically correct fracturing in high resolution has se-
vere drawbacks. Usually, the simulation is computed on top
of a tetrahedral object representation using a Finite Element
Method (FEM) based approach. A large number of mate-
rial and environmental parameters have to be provided to the
model. This may be a difficult task to do even for experts,
when the process needs to be applied to a larger number
of shapes of different material, which in turn have been ex-
posed to potentially different environmental conditions. Fur-
thermore, FEM based fracturing simulation is already very
expensive to compute for 3D objects with a medium level of
detail that is clearly below high quality 3D CH models. Ac-
cording to [CYFW14], a simulation with models of reduced
resolution yields significantly different characteristics than a
simulation in higher resolutions.

However, for evaluation of retrieval and restoration meth-
ods, strictly correct physically fragments may not be needed,
and heuristic methods may suffice. Many existing retrieval
techniques do not rely on very detailed assumptions con-
cerning the objects material or recurring, small-scale pat-
terns in a shape that reflect certain physical effects under
a given range of environmental conditions. In many cases,
it can be expected that such techniques will have compara-
ble effectiveness, regardless of the physical correctness as
long as the overall characteristics of the shapes are similar
enough. In the field of digital movie production, alternate
methods have been proposed to efficiently produce larger
numbers of fracturings. While their results are often consid-
ered as very plausible by the audience, the methods are not
based on sound physical models. We adapt a state of the art
method [AMM12] that usually relies on a 3D Modeling artist
to provide so-called cutter objects and details about their in-
stantiation to control the generation of new fragments. In
our case, the cutter object resembles a sphere where small-
scale details have been transferred from real digitized break-
ing edges of a certain material by semi-automatic mesh ge-
ometry cloning [TSS∗11]. Figure 1 (second from left) il-
lustrates two instances of a cutter object we modeled. Note
that when relying on the aforementioned technique, alterna-
tive cutter objects based on other examples of real breaking
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Figure 2: Comparison of real and synthetically generated
defects within an object: A part was missing already in the
input object (right). Our approach removed an additional
part (center front). Also note original cracks (back right,
front left) and synthetic cracks (back left, right) next to each
other. Our method allows creating rich fragment test cases
for retrieval and restoration applications from existing 3D
CH Models.

edges can be generated easily. To compute the fracturing,
we randomize a number of cutter object instances and their
spatial arrangement within configurable boundaries and ap-
ply them to a given input object. Technically, after scale-
normalization, the input and the cutter objects are converted
to a hierarchical volumetric representation (Level Sets) be-
fore we rely on the implementation of the Level Set Fracture
Algorithm as described in [AMM12]. To obtain disconnected
sub-volumes within the Level Set, we generate new breaking
edges by computing the intersection of the cutter object sur-
face and the input object volume. The resulting Level Set
is converted back to a mesh representation before its dis-
connected components – the newly obtained fragments of
the input mesh – are split into separate manifold meshes. To
reflect the fact that very small fragments usually cannot be
recovered, or unambiguously associated to specific objects,
we heuristically remove fragments that are smaller than a
configurable threshold parameter. Next, all vertices of the
remaining fragments are annotated according to their Haus-
dorff distance to the input object.

Subsequently, a random subset of larger fragments is re-
moved. This process can be controlled by configurable pa-
rameters for the maximum number of removed and the min-
imal number of retained fragments. During Fragment re-
moval, an optional test can ensure that all remaining frag-
ments share at least a complimentary breaking edge with an-
other remaining fragment, which could e.g. prove useful for
the evaluation of e.g. retrieval or symmetry-based restora-
tion methods. If the test fails, a different fragment is se-
lected randomly until either the minimum number of frag-
ments to be retained or the maximum number of fragments
to be removed is reached. To ensure shared, complementary
breaking edges, we a priori construct a connectivity graph

based on spatially close vertices, annotated by high Haus-
dorff distance that belong to different fragments. We test
for overall connectivity by counting the respective number
of visited fragment nodes during breadth-first search when
starting from each of the adjacent fragments. To coarsely
approximate deformation of small-scale features(e.g. due to
mechanical abrasion, or shot noise), a subsequent optional
step can repeatedly introduce gaussian noise or smoothing.
Finally, to synthesize cracks, the remaining fragments can
optionally be merged back into a single manifold using Pois-
son Reconstruction [KBH06]. For testing reassembly meth-
ods, this step can be disabled. In both cases, adjacent frag-
ments result in artifacts that are on a visual level very similar
to digitization of real cracks (Fig. 2).

The implementation of our data generation method
is provided under http://fracture-benchmark.
dbvis.de. The main control flow is implemented in
Groovy Script, where individual parameters can be config-
ured. Most individual steps are delegated to various bina-
ries. The Randomized Level Set Fracturing technique is im-
plemented in a C++ based command line application that
relies on OpenVDB’s Level Set Fracturing algorithm. Sev-
eral of the remaining mesh processing operations are del-
egated to Meshlab-Server and Blender. An additional C++
based command line tool may optionally be used to prepro-
cess the fractured and unfractured objects by a sequence of
Scale-Normalization, Poisson Reconstruction and Uniform
Remeshing.

4. Fragment Benchmark Based on Hampson Collection

To demonstrate the effectiveness of our data generation ap-
proach, we selected the freely available Hampson Museum
Dataset provided by the University of Arkansas. The collec-
tion contains an encompassing set of American Indian clay
pottery. The collection currently contains 445 objects, how-
ever not all of them are watertight and contain interior object
geometry. Hence we manually selected a subset of 84 water-
tight models from this collection. We applied our fracturing
approach as described in Section 3 to create our Hampson
Fracture data set. Specifically, we fixed the number of cut-
ter objects to four instances. To exclude too small resulting
fragments, we heuristically discarded fragments which con-
tained less than one thousand vertices. From the resulting
fragment set, we randomly omitted at most three fragments
and retained at least one. No smoothing or Gaussian noise
was applied, before the remaining fragments were merged
by Poisson reconstruction. Figure 3 provides a comparison
of textured original models and the results of our data gen-
eration.

In our benchmark, the fragment set represents the restora-
tion/retrieval problem, while the underlying full object rep-
resents the ground truth. We provide the fractured data along
with our implementation.
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Figure 3: Original, digitized CH Objects from the Hampson Museum Dataset along with their artificially degraded counter-
parts. Fragment vertices are colored by Hausdorff distance to the input models. Note that only some of generated fragments
have been randomly omitted whereas others are still included and cause cracks in the generated models (colored green to
yellow, medium distance). Synthesized breaking edges are colored in blue (high distance).

5. Evaluation Assessment

In the following, we demonstrate how our benchmark can be
used to evaluate shape retrieval and object restoration meth-
ods. The application also contributes a measure for quanti-
fying the degree of shape completion, based on the ground
truth information provided in the benchmark.

5.1. Shape Retrieval

In this exemplary experiment, we evaluate the performance
of a given 3D retrieval technique. The goal is to retrieve the
correct unfractured counterpart for each synthetically frac-
tured model (see Section 4). While this task can be con-
sidered roughly similar to partial retrieval, fractured queries
do not contain holes and gaps but additional breaking edges
where larger parts are missing. Using the generated data in
this way, the obtained measures can provide a first indica-
tion of the invariance of a retrieval technique against defects
encountered in fractured CH Objects.

As an exemplary retrieval techniques, we use the DSR de-
scriptor [Vra05], as well as Heat Kernel Signatures (HKS)
[SOG09] and Scale Invariant HKS [BK10], both in combi-
nation with a soft-quantized Bag of Features with dictionary
size of 256, trained on the unfractured objects. We retrieve
the input models using different distance functions such as
Lp where p ∈ {0.1,0.3,0.6,0.9,1,2} as well as statistical
distance measures, such as χ

2 and Kullback-Leibler, Jeffrey
and Jensen-Shannon Divergence. We measure the success
rate as the fraction of fractured objects, for which the correct
unfractured object is ranked within the first n results, where
n ∈ {1,5,10,25}. While we have to note that the used ap-
proaches are not in particular designed for partial retrieval,
we can observe interesting results (Fig. 4). Given existing
experiments for global retrieval on these methods, it was not

to be expected, that DSR outperforms HKS, which in turn is
not clearly outperformed by SIHKS. Furthermore, it is inter-
esting to see that for our fractured objects, the DSR descrip-
tor is very sensitive to the choice of distance function. This
contrasts our results of the same descriptors and distance
functions when measuring R-Precision with other bench-
marks, such as the well known Princeton Shape Benchmark
[SMKF04].

Note that this is an exemplary experiment. A comparison
with Partial Retrieval methods is currently work in progress.
Further refinement of the setup for retrieval evaluation could
e.g. include an object classification, a higher total number of
fractured objects, multiple fracturings per input object and
the introduction of small scale deformations, such as noise
or erosion simulation (sec 6.2).

Figure 4: Fraction of successfully retrieved unfractured ob-
jects. Due to space limitations, we show the results for L1
and L2 and the respective best performing other distance
measure tested.

5.2. Object Restoration

In this experiment we evaluate the ability of a symmetry-
based completion algorithm. Note however, that the follow-
ing evaluation methodology can also be applied to other
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CH object restoration methods. We selected the method pro-
posed by Sipiran et al. [SGS14]. Unlike the original evalu-
ation in [SGS14], here we provide a more systematic eval-
uation which can lead us to objectively test the robustness
of completion algorithms. Each object in the benchmark is
associated to a set of fragments which were obtained by our
fragmentation tool. For this test, we randomly discarded one
fragment. In the evaluation, we compare the results to the
ground truth provided by the unfractured input object.

More formally, let Oi be the i-th object in the benchmark.
Let Fi = { f j

i } be a set of fragments associated to Oi. Let
f ∗i ∈ Fi be the discarded fragment. After applying the algo-
rithm to the set of fragments Fi \ { f ∗i }, we obtain a com-
pleted object Ci. Our criterion to evaluate the robustness of
completion algorithms with respect to the completion is the
ratio of volumes

Ecompletion(Oi) =
vol(Oi

⋂
Ci)

vol(Oi
⋃

Ci)
(1)

It is worth to note that Ecompletion is a conservative mea-
sure for the robustness. This is because we penalize the con-
gruent geometry (vol(Oi

⋂
Ci)) with the divergent geome-

try (vol(Oi
⋃

Ci)). A clear example where this penalization
is important is when the original object is completely cov-
ered by the completed object, but in addition the completed
object introduces more geometry than needed. In that case,
the ratio will decrease depending on the amount of diver-
gent geometry. Also note that a perfect completion will give
a Ecompletion = 1. Note however that some Hampson mod-
els originally have (comparatively small) missing parts and
cracks, which introduces a source of error in our exemplary,
quantitative evaluation.
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Figure 5: Difference between effectiveness and partiality of
the fragmented objects. Each bar represents the magnitude
of how much net true geometry was completed. Positive bars
illustrate successful completions, whereas negative bars rep-
resent inappropriate completions.

It is also possible to compute the degree of missing geom-
etry for each object which will be useful as a reference for
comparison:

D(Oi) =
vol(Fi \{ f ∗i }

⋂
Oi)

vol(Fi \{ f ∗i }
⋃

Oi)
=

vol(Fi \{ f ∗i })
vol(Oi)

(2)

Note that D(Oi) is the volume ratio of the input fragments

compared to the original object. This quantity gives us an
idea about how much information was removed by discard-
ing one fragment.

To compute the volume of a 3D shape, we implemented
the algorithm proposed in [ZC01]. Briefly, the algorithm ac-
cumulates the signed volume of the tetrahedron formed by
each triangle in the shape and the origin. In our experiments,
we executed the completion algorithm in 76 sets of frag-
ments (one per object in the benchmark of fractured objects).
On average, we obtained Ecompletion = 0.8267. Nevertheless,
this average alone is not a good indicator for the effective-
ness. A more meaningful comparison is the gain of effective-
ness; that is the difference Ecompletion(Oi)−D(Oi) for each
object. This difference can reveal whether completion meth-
ods really complete some geometry or not. Fig. 5 shows the
gain of effectiveness for each query object. The completion
algorithm obtained a positive gain in 45 out of 76 objects.
This fact reveals that in average the method is able to in-
fer and complete missing geometry. After inspecting some
random objects with negative gain, we discovered a reason
for the negative difference: When the missing fragment is
present across the symmetry planes, the method is not able
to reproduce some parts of the completion. Finally, an exam-
ple of result obtained in our evaluation can be seen in Fig. 6.

Figure 6: Left: fragment set. Right: result of the completion
algorithm proposed in [SGS14]

6. Discussion and Extension of Our Approach
6.1. Plausibility

While our current fracturing approach is not based on a phys-
ically founded simulation process, we observe by visual in-
spection that it can produce plausible results. It can be com-
puted efficiently and only requires setting few intuitive pa-
rameters. Still, certain details of the produced geometry de-
viate from what one might expect of real fracturing. E.g., in
the case of clay objects, it is often observed that the break-
ing edges exhibit a flocking effect where a large number of
small, exposed parts break away (flock out) which in turn can
have a significant impact on the overall characteristics of the
fracture surface. If e.g., the task is to benchmark methods
for segmenting and annotating fracture surfaces, depending
on the studied material, inclusion of flocking effects should
be done. A solution to this could be to apply an appropriate
small scale morphological operator as a post-processing step
after the initial fracturing process has taken place.
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Furthermore, our approach does not reflect other small
scale object defects introduced by e.g., mechanical wear and
abrasion of real fragmentation processes. Extending our ap-
proach in this direction could benefit the research of a new
class of shape retrieval techniques which could be invariant
with respect to such abrasion effects. We also note that in our
approach we use a roughly spherical cutter object, which re-
flects global properties of the resulting fragments surface.
By modeling cutter objects with different global shapes, one
may vary the types of obtained fracture shapes, adapting it
to characteristics of specific problems to develop restoration
methods for.

Finally, our current implementation discards existing tex-
ture coordinates and does not synthesize new 2D textures,
which otherwise could be useful for testing multi modal
restoration methods.

6.2. Inclusion of Erosion Effects

Figure 7: Two digitized and manually reassembled frag-
ment sets made of limestone (top: column base, bottom: em-
brasure) before (left) and after (right) a simulation of 150
years of chemical weathering in polluted atmosphere.

In addition to mechanical influence, objects also deteri-
orate over time. Erosion due to chemical or meteorological
factors can especially affect the characteristics of small-scale
features on the object. We are currently extending our ap-
proach by an erosion simulation approach that assumes ho-
mogeneous material as well as spatially and temporally uni-
form exposure to environmental effects. For each vertex of
an input object, a shift is computed depending on the object’s
assumed material properties and environmental parameters.

At this stage, we experiment with material parameter estima-
tions for the chemical weathering of marble and limestone
due to interaction with carbon dioxide (CO2) in unpolluted
atmosphere regions, as well as sulfur and nitrogen dioxide
(SO2 and NO2) in polluted atmosphere regions (e.g. close
to industrial exhaust). Our chemical models and parameter
estimations are based on [YJCG94, YCJ∗96, GB99]. In par-
ticular the following effects are simulated: Dry deposition
in polluted environments reflects the creation of crust, usu-
ally due to chemical material transported in polluted envi-
ronments. The crust mostly consists of gypsum and results
of reactions of the stone material with SO2 and NO2. Reces-
sion by Acid Rain reflects the loss of material mainly due to
reactions of water with the stone material and SO2 and NO2.
To a lesser extent, recession also takes place in unpolluted
atmosphere due to reactions caused by the presence of CO2.
In both cases, Ca2+ ions are washed out of the objects.

First results are provided in Figure 7. We argue that con-
sidering erosion processes is an important problem in the
definition of benchmarks for object restoration tasks. One
intriguing research challenge we see in this context, is to
work on shape retrieval methods which provide invariance
with respect to fragmentation and erosion processes.

7. Conclusion

We presented a methodology to automatically generate 3D
fracture test data for shape restoration and retrieval tasks.
The method is a first step to fill a gap in experimental data
provision, which is typically expensive to obtain from real
objects, and often lacks ground truth. Our approach is based
on a simple volume operation based on an appropriately
modeled cutter object. Although it is not based on physical
fracturing processes, it shows plausible results and encom-
passes only few, intuitive parameters. We create a bench-
mark data set based on the Hampson 3D repository. We
demonstrated how our benchmark can be applied to evalu-
ate existing object restoration and retrieval tasks. We also
discussed extension possibilities for our generation method
including simulation of erosion processes.

Future work includes applying the benchmark to compare
and improve the effectiveness of object restoration and re-
trieval methods. The fracturing and erosion process should
be extended to include physical and mechanical factors,
which could provide additional realistic properties to the
fragment data. One idea is to guide the fracturing along
structural properties, such as e.g., medial axes or weak ar-
eas of structural integrity. A challenge will be to strike a bal-
ance between the realism of the process, its computational
complexity and usability regarding user parameters choice.
Finally, the results of the fracture and erosion generation
should be quantitatively compared against real-world exam-
ples, found e.g., in digital archeology applications.
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