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Abstract
In the last few years, there has been an increase in digitalization efforts within the Cultural Heritage field, which boosted the
interest for new strategies to improve documentation standards. While these concepts have been largely studied for most of the
CH content types, 3D data still need to be fully worked out as document types. One of the most innovative methods to glue
the documentation (i.e. the semantics) of the artifacts to their geometry is to exploit the technology of the semantic web and
implement the semantic annotation pipeline for 3D data. Since the 3D representation of artifacts is not a standard, and in the
particular case of triangular meshes there are differences of resolutions and vertices position, there is the strong need for tools
which could allow for annotation persistence between representation switch. In this paper, we present the first results in the
design of an automatic algorithm for annotation transfer between triangular meshes with different resolutions, provided that
they represent the same artifact.

CCS Concepts
•Computing methodologies → Knowledge representation and reasoning; Shape modeling;

1. Introduction

One of the most innovative methods to glue the documentation (i.e.
the semantics) of the artifacts to their geometry is to exploit the
technology of the semantic web and implement the semantic anno-
tation pipeline for 3D data. We speak about 3D semantic annotation
because (or when) some information is linked/associated to an ob-
ject, or to parts of it, and is used for understanding and storing a
piece of information about the object, or its parts, which is not ex-
plicitly contained in the geometric data itself [CMSF11].

If the annotation mechanism was well-defined, the enriched ge-
ometry of digital artifacts would be ready to be fed to a whole set
of services that can be built around annotated geometries. This is
particularly important for research studies in which the artifacts are
analyzed and compared reasoning on their features, as it happens
frequently in the archaeological context. Archaeological descrip-
tions are typically shared as texts among scientists in the area, and
the text contains references to features present in the objects. Part-
based annotations of digital models could allow for a novel form of
archaeological descriptions, where the text could be linked directly
to the geometry, opening the way to novel and more effective ways
of sharing knowledge and reasoning work-flows among profession-
als in the field.

The use of part-based annotation for 3D models, however, poses
more challenges compared to text documents or images, some of
which have been nicely described in [HF07], the consistency of
annotation across model resolutions being one of them.

In this paper, we present the initial results of a method for trans-

ferring annotations across digital models of the same artifact at dif-
ferent resolution. The method is being developed within the context
of the GRAVITATE project [Gra], whose aim is to create a platform
to support archaeologists and curators in the reconstruction and re-
unification of shattered or broken cultural objects [PWM∗16]. To
achieve these results, many efforts are being made trying to inte-
grate geometry with semantics to support the experts in reasoning
about fragments. Tools for automatic feature detection are being de-
veloped, to support the identification of regions of interest in frag-
ments, and part-based annotation are important to attach informa-
tion about the detected features to their geometries.

In the GRAVITATE collection, the scale of features spans from
very tiny details to larger parts which represent, for instance, whole
ornaments. The resolution of the acquisitions therefore has to be
high enough to represent this spectrum and, as a consequence, the
models are frequently quite large. On the other hand, some of the al-
gorithms have an intrinsically high computational complexity (e.g.
the space search for mating two fragments) which invokes for low
resolutions models.

For these reasons, in GRAVITATE, each artifact is stored as a
set of digital models of varying resolutions to be used in the differ-
ent phases or for different purposes within the system. To make the
selection of the resolution as transparent as possible to the users,
proper mappings of the results obtained at different resolutions
need to be implemented. This is particularly useful for the anno-
tation work, as the users have to interact with the models in the
process and they should not be asked to repeat the same work for
different resolutions of the same object.

© 2017 The Author(s)
Eurographics Proceedings © 2017 The Eurographics Association.

DOI: 10.2312/gch.20171295

http://www.eg.org
http://diglib.eg.org
http://dx.doi.org/10.2312/gch.20171295


A. Scalas, M. Mortara and M. Spagnuolo / 3D Annotation Transfer

In the remainder, we will describe the semantic and part-based
annotation with references to related work, and show our contribu-
tion, which consists in the presentation of the first results in the de-
sign of an automatic algorithm for annotation transfer, which works
between triangular meshes with different resolutions, provided that
they represent the same artifact.

2. Background and related work

Generally speaking, the purpose of annotation is to create corre-
spondences between objects, or parts of them, and conceptual tags.
To focus on our interest field, we can say that the 3D annotation
consists in selecting the so-called ROI (Regions Of Interest) on a
3D mesh and associating them meaningful tags.

3D part-based annotation was proposed for the first time in
[RASF07], where the annotation was supported by a set of seg-
mentation tools to suggest possible ROI on the meshes. The same
approach has been proposed in the product modeling field, and
lately in the medical domain where the annotation is used as a ba-
sis for follow-up monitoring of rheumatic pathologies [BCPS16].
Similar approaches have been followed also by [GMT13], where
semi-automatic methods are based on the user verification of the
automatically annotated parts (e.g. [YKC∗16]) and typically use a
geometric segmentation approach.

Assuming that a reliable method for selecting or detecting a ROI
in a 3D model is available, a standard way for storing the parts is
needed, to tie the semantic information to 3D data. In [RASF07], a
simple format for the storage of annotation was implemented: each
ROI is defined as a connected set of triangles and expressed as a
list of triangles’ indices, and is stored as an additional file together
with the geometry. The format for annotated 3D geometry has been
extended in [BCPS16] to cover ROIs of different dimensions, and
complying to the Open Annotation Data Model [OAD].

3. Annotation Transfer Method

The need for an automatic annotation transfer method arises from
the fact that 3D representation formats do not allow for stable
markups. Let us think, for example, of a triangular mesh, the same
physical object can be represented with different resolutions and,
even at the same resolution, the vertices can be in different posi-
tions. The ROI on the physical object are therefore represented by
different geometries in the various representations. Furthermore,
the reference to the ROI on the representation should survive sim-
ple editing operations such as cuttings or affine transformations
[HF07]. To achieve such goals, a tool that allows for annotations
transfer would be very useful.

In this section, we describe the approach we are developing in
GRAVITATE, considering that each physical object is represented
with different resolutions. The lower resolution meshes are ob-
tained from the original ones with different simplification tech-
niques, but providing that the simplified ones are composed by a
subset of the vertices of the original meshes.

Before starting the method description, it is necessary to intro-
duce some definitions. First of all, let us denote with As an anno-
tated patch which lies on the surface of a source triangular mesh

Figure 1: Different possibilities for annotation transfer from lower
to higher resolution, where Ms is the one in red, the Mt is the one
in blue and the annotation is shown as a yellow outline (the figure
in the top left is the one with the original annotation)

Ms, and let us denote with At the annotated patch on the target
mesh Mt . The patch As is defined as a connected set of triangles
whose boundary, named the annotation outline, is an ordered set of
vertices, connected in pairs by an edge of Ms. The outline entirely
encloses a portion of Ms linked to an annotation. We will consider
in the following that the outline vertices are ordered counterclock-
wise. Note that the transferred annotation At needs to be made by
pairs of vertices of Mt , that is, we do not want to add new vertices
on Mt to delimit the geometrical projection of As onto Mt , rather,
we want to identify on Mt a set of connected triangles that well
represent As on Mt .

In our study, the source and target meshes for the annotation
transfer are perfectly aligned and registered. Therefore, the anno-
tation mapping is defined by finding a suitable correspondence be-
tween the outline vertices of As and vertices on Mt close to the pro-
jection of the outline vertices of As onto Mt . Once the correspon-
dence is found, the outline of the annotation At is reconstructed by
tracing a variant of the shortest path between pairs of the outline
vertices of As.

The correspondence between outline vertices is key to define the
annotation transfer. Now, we have to think of what we want to ob-
tain from the annotation transfer: in fact, depending on the way we
map outline vertices from As to At , we can obtain a surface patch
which either totally "encloses" or only partially overlaps the shape
of As (see Figure 1). The results discussed in this paper correspond
to the latter approach.

The correspondence of vertices from the outline of As to At is
conceived as follows: if Ms is the lower resolution one, than there
is no need for setting any correspondence, as the vertices of the
outline will be in any case vertices of Mt ; if Ms is the higher reso-
lution one, the vertices of the outline are projected one at the time
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onto Mt , and the correspondence is set to the vertex on Mt which is
closest to the projection.

This approach may cause some problems. Indeed, it is not guar-
anteed that a pair of successive vertices in the outline of the an-
notation would map onto two different vertices of the target mesh,
neither that the path between successive vertices will not intersect
other parts of the outline. In practice, this issue is solved by keep-
ing trace of the already used vertices and introducing a check on
repetitions for the projection of vertices, simply rejecting the al-
ready used ones. The self-intersection issue should yet be studied
in depth, but for now we tackled the problem by simply pruning
all the “thorns” obtained by vertex repetition in the paths-finding
in post-processing. The first results of the test phase haven’t high-
lighted any trace of other types of self-intersection.

It remains to resolve how to obtain the desired connection be-
tween the mapped vertices. The approach we have followed tries to
find the shortest path between each pair of mapped vertices on the
target mesh, and includes the edges of this path in the transferred
annotation outline. This shortest path is extracted with a discrete
application of the Dijkstra algorithm for the shortest path on graphs,
where, if we call the original vertices v and v′, the weight on an arc
(vi,v j) is defined as the distance between v j and the segment found
connecting v and v′. We have defined this type of weight for trying
to reduce as much as possible the error between the original con-
nection (which was a straight line) and the new connection (which
is as a step-like line). The pseudo-code for the annotation transfer
can be seen in Algorithm 1.

Algorithm 1 Transfers the annotations from a mesh Ms to another
mesh Mt . It works for either the low-to-high resolution transfer and
for the high-to-low one.

1: procedure ANNOTATIONTRANSFER(Ms,Mt )
2: for each annotation As in Ms do
3: for each vertices pair (v,v′) in As.outline do
4: v1← FINDCORRESPONDECE(v,Mt)
5: v2← FINDCORRESPONDECE(v′,Mt)
6: At .outline← At .outline∪ SHORTESTPATH(v1,v2)
7: end for
8: Mt .addAnnotation(At)
9: end for

10: return Mt
11: end procedure

Since a shape can have more than one annotation, the entire pro-
cess should be applied to all of them. As one can see, any new
annotation (better, its outline) is found searching, for each pair of
vertices in the ordered set defining the outline of the original anno-
tation, the shortest path which links them over the objective mesh
surface and connecting the various paths found.

The procedure FINDCORRESPONDENCE can be defined in dif-
ferent ways: in our case we choose to use only one definition, in
which the correspondence is found projecting the vertex from Ms
onto Mt following its normal and then searching the vertex on that
triangle which is nearest to the starting one. In this way, we obtain
the same results in the case of low-to-high resolution transfer as if
we exploited the fact that the vertices are in common, but we could

show a more generalized algorithm, which would work even in con-
texts where this is not the case. Furthermore, in this way we avoid
the issue of mapping a vertex on a new one which is not connected
to the rest of the annotation, but still is nearer (in an Euclidean way)
to the original one.

Algorithm 2 Finds the correspondence as the mapping onto the
nearest vertex on the target mesh.

1: procedure FINDCORRESPONDENCE(v,M)
2: t = pro jectVertexOnMesh(v,M)
3: d =∞
4: for i← 1...3 do
5: d′←‖t.vi− v‖
6: if d′ < d then
7: v′← t.vi
8: d← d′

9: end if
10: end for
11: return v′

12: end procedure

It is very important to highlight that once the order of the out-
line of the annotation is given, obtaining the annotated surface is
really simple: it is sufficient to take the left triangle (in case of an
counterclockwise order) of the first edge of the outline and per-
forming a region growing using that triangle as the seed, moving in
the neighborhood of the latter (the triangles adjacent to each edge
of the actual triangle) until the outline is reached.

4. Conclusions and future works

The presented approach to annotation transfer has shown interest-
ing results. First of all, the annotation transfer has been a success
in a good percentage of cases (there are still few particular cases to
tackle). Not only the obtained results keep the annotation alive in
different results, but it is even a good quality transfer, as it can be
seen in Figure 2 and in Table 1.

In future works we will focus on some limitations of the current
implementation:

• Degeneracy: the area of an annotation, expressed as an outline
composed of more than two vertices, might map to a degenerate
outline (composed by two or less vertices) which encloses a null
area;

• Wrong projection: a vertex in the higher resolution mesh can be
nearer to a triangle which isn’t actually connected to the anno-
tation even if its normal points in the right direction (this is the
case when the shape exhibits several nearly overlapping layers);

• Distortion: in cases in which some parts of an annotated area are
greatly simplified, there could be an excessive distortion of the
annotation itself, in terms of area and shape.

The solution to the first issue is rather trivial (it is sufficient to im-
pose that the new annotation must have at least three vertices on
the outline, obtaining them, for example, by taking all the triangles
intersected by the projection of the original vertex), but the second
one is not so immediate: we might consider a geodesic-distance ap-
proach for rejecting this kind of triangles. For the last case we can
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Original mesh Destination mesh Annotation shape Area before Area after Area error (%)
09_840_50k 09_840_100k Rectangle 8.40323 8.40348 0.003

- - Star 2.95185 2.98175 1.013
- - Spiral 3.24342 3.23284 0.326

09_840_100k 09_840_50k Rectangle 8.72794 8.71242 0.178
- - Star 3.21928 3.31354 2.928
- - Spiral 3.42321 3.27262 4.399

GR_25_1890_50k GR_25_1890_1M Eye 3.69926 3.69417 0.138
- - Mouth 2,23549 2,24027 0,214
- - Nose 9,24278 9,25180 0,098

GR_25_1890_1M GR_25_1890_50k Eye 4.51838 4.55487 0.808
- - Mouth 2.15199 2.12195 1.396
- - Nose 9.47786 9.38173 1.014

91 8-6 46_50k 91 8-6 46_1M Flower 4.67025 4.79157 2.598
91 8-6 46_1M 91 8-6 46_50k Flower 4.79157 4.56986 4.627

Table 1: Some examples of the errors introduced by our method. It can be seen that the error is very little (always below 5%), even if the
shape of the annotation is concave. In the first two columns the name of the meshes in the table refers to the corresponding name in the
GRAVITATE repository, where the last part indicates the resolution (50k→ 50,000 vertices - 1M→ 1,000,000 vertices).

Algorithm 3 Finds the shortest path between the given pair of ver-
tices, following the weight definition already presented.

1: procedure SHORTESTPATH(v1,v2)
2: D.add((v1,0))
3: F.push(v1)
4: v← v1
5: while v 6= v2 do
6: F.pop()
7: for each v′ in v.FirstRingNeighbors() do
8: d← D(v)+ v′.distanceFromSegment(v1,v2)
9: if v′ is in P then

10: D.add((v′,d))
11: P.add((v′,v))
12: F.push(v′)
13: else if D(v′)> d then
14: D(v′)← d
15: P(v′)← v
16: end if
17: end for
18: end while
19: p← v2
20: while p 6= v1 do
21: path.push(p)
22: p← P(p)
23: end while
24: return path
25: end procedure

define some descriptors of the properties whose keeping is desired
and threshold their value to control the maximum error, inserting
new vertices and edges if those properties are not met (we can start
with the area ratio, of which we have already done some prelimi-
nary tests reported in Table 1).

Lastly, to speed up performance, it is our aim to find a way to
exploit some spatial data structures (e.g. kd-trees) to optimize the

Figure 2: The result of the annotation transfer from a lower reso-
lution mesh to an higher resolution one can be seen in the first row
(50k to 1M vertices), while the opposite transfer can be found in
the second row (100k to 50k vertices).

identification of nearest vertices with respect to some properties
(normal direction and so on).
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