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EXECUTIVE SUMMARY 
In this deliverable, entitled "Integrated Matching Algorithm", a novel unified framework for 
3D shape retrieval is described. The advantage of the presented method over the previous 3D 
search and retrieval algorithms, presented within VICTORY, is that it achieves retrieval of 3D 
objects by using as queries different MultiPedia modalities, such as 3D objects, 2D images or 
sketches. The core of this framework was developed within Task T4.4 and is based on a novel 
Compact Multi-View Descriptor (CMVD).  
 
The developed solution is assessed in terms of computational complexity and retrieval 
accuracy and it is compared with other existing state-of-the-art methods. The experimental 
results prove that the proposed algorithm demonstrates superior performance over other well-
known state-of-the-art approaches. The participation in the worldwide Shape Retrieval 
Contest 2009 (SHREC2009) was also a great opportunity to evaluate the retrieval accuracy of 
the CMVD descriptor among the best presented shape retrieval methods. The SHREC2009 
results demonstrate the success of CMVD, since it achieved a top ranking for several 
evaluation measures. 
 
The work presented in this deliverable is currently under review in the International Journal of 
Computer Vision (IJCV) and it will also appear in the Proceedings of the Eurographics 
Workshop on 3D Object Retrieval (March 29, 2009).  
 
Finally, the integration of the new matching algorithm to the VICTORY framework is 
presented along with a detailed description of the search and retrieval procedure. 
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1 Introduction 
 
3D object retrieval is a relatively new and very challenging research field and a major effort 
of the research community has been devoted to the formulation of accurate and efficient 3D 
object search and retrieval algorithms. A wide variety of such methods has been presented so 
far and a more detailed description is given in Section 1.1. Although most of the existing 
methods require that a 3D object should be given as query, this is not always possible. In a 
real life scenario, a 2D image is more likely to be provided by a user, either by taking a photo 
or by drawing a sketch. The work performed in Task T4.4 of the VICTORY project is an 
attempt to develop a novel unified framework for 3D object retrieval, where the input might 
include several Multipedia modalities, such as 3D objects, 2D images and hand-drawn 
sketches. 

 

1.1 Previous Work 
 
The main problems that pose obstacles in the efficiency of the existing search and retrieval 
approaches are the following: (i) the 3D objects degeneracies (e.g. holes, missing polygons, 
hidden polygons), (ii) the 3D objects pose normalization, (iii) invariance to shape 
representations, (iv) invariance to articulation or global deformation, (v) the trade-off between 
the time needed for the extraction (which heavily depends on a 3D object’s Level-of-Detail) 
and matching of 3D objects’ descriptors and the retrieval accuracy of a method. 

The first problem is usually tackled successfully by applying a triangulation algorithm (e.g. 
Delaunay triangulation) or a hole filling algorithm [WEYRICH04]. Pose normalization 
implies invariance with respect to rotation, scaling and translation of a 3D object. Scaling and 
translation normalization can easily be resolved [ZARPLAS07], while in order to achieve 
rotation normalization two widely acceptable solutions have been presented in the literature, 
namely the natively rotation invariant description of the 3D object (e.g. using Spherical 
Harmonic Descriptors (SHD) [KAZHDAN03], Light Field Descriptors (LFD) [CHEN03], 
histogram-based descriptors [KRIEGEL03]) and the rotation normalization of the 3D object 
in a pre-processing step. Both approaches present major advantages and serious drawbacks: 
Firstly, the vast majority of the utilized rotation normalization approaches are based on the 
PCA (e.g. Continuous PCA [VRANIC03]). Although algorithms that utilize pose 
normalization using PCA usually result in descriptors with higher discriminative power, some 
similar objects are not usually normalized in a similar manner [VRANIC04]. In contrast, 
natively rotation invariant object description [KAZHDAN03] usually involves an integration-
like technique which leads to inadequately discriminant descriptors [VRANIC03]. 
Concerning the invariance to shape representations, most of the existing methods work well 
either with polygonal meshes or polygon soups, while methods which rely on the topology of 
an object demand certain shape representation (e.g. watertight models) 
[HILAGA01,TUNG05,MADEMLIS08]. The invariance to articulation is a hot research 
problem which has not been widely addressed so far and requires the extraction of local 
descriptors. A solution to the latter problem might also lead to more efficient partial matching 
algorithms. 
 
The existing 3D object retrieval methods can be classified into four main categories: 
histogram-based, transform-based, graph-based, view-based and, finally, combinations of the 
above. In the first category the methods which have been proposed so far use histograms 
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where the extracted local or global features of a 3D object are integrated. In this sense, 
Ohbuchi et al. [OHBUCHI02] employ shape histograms that are discretely parameterized 
along the principal axes of inertia of the model. Osada et al. [OSADA01,OSADA02] 
introduce and compare shape distributions, which measure properties based on distance, 
angle, area, and volume measurements between random surface points. They evaluate the 
similarity between the objects using a metric that measures distances between distributions. 
Liu et al. [LIU06] propose the generalize shape distributions (GSD) where a 3D histogram 
counts the number of specific local shape pairs at certain distances. Ankerst et al. 
[ANKERST99] introduce a 3D shape similarity model by defining two major ingredients: the 
shape histograms as an intuitive and discrete representation of complex spatial objects and an 
adaptable similarity distance function for the shape histograms that may take into account 
small shifts and rotations by using quadratic forms. In [HORN84], the extended Gaussian 
images (EGI) are introduced, where the surface normal orientation is mapped on a sphere, 
namely the Gaussian sphere. The EGI is obtained by having each triangle vote on the bin 
corresponding to its normal direction, with a weight equal to the area of the triangle. In 
[KANG93], EGI has been generalized to the complex extended Gaussian image (CEGI), 
which stores for each bin also the normal distance of the surface points to the origin. The 
aforementioned methods are, in general, ease to implement but usually they are not 
discriminating enough to make subtle distinctions between classes of shapes. 

Transform-based methods are employed either on the surface or on the volume of a 3D 
model. In [VRANIC02,VRANIC01], a method where the descriptor vector is obtained by 
forming a complex function on the sphere, is presented. Then, spherical harmonics analysis is 
used to form the rotation invariant descriptor vector. In [KAZHDAN03], the Spherical 
Harmonic Representation is proposed which transforms rotation dependent descriptors into 
rotation invariant ones. In [NOVOTNI03], the theoretical framework for the 3D Zernike 
moments [CANTER99] is extended and applied for 3D content-based search and retrieval. 
These are computed as a projection of the function which defines the object, onto a set of 
orthonormal functions within the unit ball. The 3D Zernike descriptors are natively invariant 
under rotation. In [PAPADAKIS07], the authors apply PCA on the face normals of a model. 
Then, the 3D model is decomposed into a set of spherical functions which represents not only 
the intersections of the corresponding surface with rays emanating from the origin but also 
points in the direction of each ray which are closer to the origin than the furthest intersection 
point. All the presented approaches are extracting sophisticated descriptors that exploit some 
significant properties (e.g. rotation invariance transformation [KAZHDAN03,NOVOTNI03], 
highly discriminative descriptor sets [VRANIC04]), however all of them describe directly the 
3D geometry. Thus, the efficiency of the aforementioned approaches can be seriously 
decreased when they deal with non-perfect polygon meshes. In order to tackle the latter, in 
[DARAS06], a voxel-based 3D search and retrieval method based on the Generalized Radon 
Transform (GRT) is proposed, while in [ZARPLAS07], the Spherical Trace Transform (STT) 
is presented. The STT is among the best algorithms which have ever been presented (in terms 
of retrieval accuracy). In general, the transform-based methods have high retrieval accuracy 
but usually, pose invariance is achieved by discarding the “phase” of the transform 
coefficients at the expense of some shape information. 

One possible solution to the aforementioned problem is the graph-based methods, which 
produce descriptors fundamentally different from other vector-based descriptors. They are 
more elaborated and complex, in general harder to obtain; but they have the potential of 
encoding geometrical and topological shape properties in a more faithful and intuitive 
manner. In [HILAGA01] a technique, called Topology Matching, is introduced, which 
calculates the similarity between polyhedral models by comparing multiresolutional Reeb 
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graphs (MRGs). Based on the idea of MRG matching [HILAGA01], Chen et al. [CHEN02] 
propose a 3D model retrieval system, where a pre-processing step has been added before the 
Reeb Graph extraction in order to accelerate the graph-matching and retrieval processes. The 
work in [HILAGA01] has been further extended in [TUNG04,TUNG05], where the Reeb 
graph is augmented with geometrical attributes leading to the creation of a flexible 
multiresolutional representation, called an augmented Reeb graph. In [KATZ03], a 
hierarchical mesh decomposition algorithm is proposed. The algorithm computes a 3D object 
mesh decomposition, which generally refers to segmentation at regions of deep concavities. In 
[MADEMLIS08], a method which combines topological and geometrical information is 
proposed, which is invariant to geometric transformations of a 3D object, as well as to the 
different poses of articulated objects. The drawbacks of the graph-based methods are that it is 
difficult to implement them, they do not generalize easily to all 3D shape representation 
formats and they require dedicated matching schemes. 

2D view-based methods [VRANIC04,CHEN03], consider the 3D shape as a collection of 2D 
projections taken from canonical viewpoints. Each projection is then described by standard 
2D image descriptors like Fourier descriptors [VRANIC04] or Zernike moments [CHEN03]. 
They rely on the assumption that as the 3D models are completely given, projections can be 
produced in a controlled manner so that nuisance effects of occlusion (except self-occlusions), 
clutter or affine deformations are avoided. Ohbuchi et al. [OHBUCHI08] recently proposed a 
view-based 3D model retrieval method based on multi-scale local visual features. The features 
are extracted from 2D range images of the model viewed from uniformly sampled locations 
on a view sphere. For each range image, a set of 2D multi-scale local visual features is 
computed by using the Scale Invariant Feature Transform (SIFT) [LOWE04] algorithm. This 
method presents the best retrieval results and also deals with articulation invariance, however 
it needs considerable amount of time for the feature extraction due to the huge number of 
SIFT descriptors that are produced. The aforementioned methods have the advantages of 
being high discriminative, can work for articulated objects, can be very effective for partial 
matching and can also be beneficial for 2D sketch-based and 2D image-based queries. Their 
only drawback is that they discard valuable 3D information (due to the self-occlusion). 

From the aforementioned analysis it is obvious that a method able to work on different shape 
representations and not perfect meshes (thus it cannot be topology-based), be highly 
discriminant (thus it cannot be histogram-based) and combine the advantages of the view-
based (high discrimination) and transform-based methods (3D information), is of great 
importance. 

 

1.2 VICTORY Objective 
 
The Task T4.4 of the VICTORY project aims to provide a framework for 3D object retrieval 
able to handle input data from different Multipedia modalities. Text, 2D images and 3D 
objects will be efficiently combined to form a fully functional retrieval system. In order to 
achieve the above, a novel view-based algorithm was developed within Task T4.4. The 
Compact Multi-View Descriptor (CMVD) belongs to the category of the 2D view-based 
approaches and, thus, holds the following advantages: 
 
Robustness to object degeneracies, holes, missing polygons. Several feature extraction 
methods, proposed so far, are applied to the 3D objects’ surface, which in turn requires 
perfect triangulation of the 3D meshes (e.g. watertight objects). These techniques can work 
only with a limited number of objects, since the majority of models publicly available contain 
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holes, missing polygons and other design defects. On the other hand, the view-based methods 
can be applied irrespectively to the object’s triangulation. 

Robustness with respect to the to objects’ level of detail (LoD). The proposed descriptor 
extraction method is applied to a set of 2D images with the same pixel resolution. Therefore, 
the extracted descriptors are independent of the 3D object’s complexity. 

Suitable for partial matching and articulated objects. The view-based framework can easily 
be modified in order to match only a subset of the extracted views. This makes the methods of 
this category capable of handling partial matching problems, as well as articulated objects. 

Unified framework. Similarly to partial matching, the proposed method can provide 3D model 
retrieval capabilities even when the input 3D model is not available. A variety of queries, such 
as 2D images, hand-drawn sketches, 3D objects, are supported and can alternatively be used, 
which results in a unified framework for 3D object retrieval, beyond the traditional 3D search 
engines. Additionally, the image-based search capabilities can broaden the application areas 
and include real-life mobile application scenarios. 

High discriminative power. In general, methods in which 3D matching is based on multi-
views comparison instead of global shape geometry comparison, have proven to be more 
efficient in terms of retrieval accuracy. The performance of the proposed method confirms the 
above conclusion, as it will be presented in the experimental results section. 

Despite the numerous common advantages, CMVD outperforms the existing view-based 
methods in several aspects: 

Compactness. As opposed to the methods presented in [CHEN03] and [OHBUCHI08], the 
proposed framework uses significantly less number of different views. This results in a more 
compact representation which not only reduces the retrieval time but also the descriptor 
extraction time. The latter implies that the method is appropriate for real-time shape retrieval 
procedures on the web. 

Use of both Binary and Depth Images. The proposed framework generates a set of binary 
images along with a set of depth images from a 3D object. The binary image is a quite robust 
representation and is suitable for the image or sketch-based retrieval tasks. For 3D/3D 
matching, on the other hand, the depth image can capture more details in a 3D object and 
increase the shape matching efficiency. This is a significant improvement comparing with the 
well-known Light Field Descriptor [CHEN03], which uses binary images. 

Consequently, CMVD demonstrates higher retrieval accuracy than the view-based methods 
presented in [CHEN03], [OHBUCHI08] and outperforms or is competitive with the best 3D 
shape retrieval methods presented so far. The performance can be further improved if the 
advantages of the view-based method are combined with an efficient transform-based method, 
since the latter extracts different type of information from 3D content. Among the state-of-
the-art transform-based methods, the Spherical Trace Transform (STT), presented in 
[ZARPLAS07], is combined with the proposed method leading to significantly improved 
results.  
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1.3 Deliverable Structure 
 
The deliverable is organized as follows: 
 

�  In Chapter 2, the descriptor extraction procedure of the new Compact Multi-View 
Descriptor is presented. 

 
�  Chapter 3 describes the novel similarity matching framework for both the 3D/3D and 

2D/3D matching cases.   
 

�  In Chapter 4, a performance evaluation of the CMVD method is presented. 
 

�  In Chapter 5, the integration of the new matching algorithm to the VICTORY 
framework is presented, along with a step-by-step description of the search and 
retrieval procedure. 

 
�  Finally, in Chapter 6, conclusions are drawn for this deliverable. 
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2 A Compact Multi-View Descriptor 
The descriptor extraction method can be summarized in the block diagram presented in Figure 
1. The input 3D object is a triangulated mesh, in one of the common 3D file formats (VRML, 
OFF, 3DS, etc.). As a first step, a pose estimation takes place, which includes translation, 
scaling and rotation of the object. After the pre-processing step, a set of 18 2-dimensional 
views, taken from the vertices of a bounding 32-hedron is extracted. Both binary 
(black/white) and depth images are generated. In each of the extracted 2D images, a set of 2D 
functionals is applied, resulting in a descriptor vector for each view. 

 
Figure 1: Block diagram of the descriptor extraction method 

2.1 Pose Estimation 
The Pose Estimation procedure initially involves the translation and scaling of the 3D object. 
The model is translated so that the centre of mass coincides with the centre of the coordinate 
system and scaled in order to lie within a bounding sphere of radius 1. 

After translation and scaling, a rotation estimation step is required, since the 3D object may 
have an arbitrary orientation. In order to achieve the best possible result, a combination of the 
two dominant rotation estimation methods, PCA [VRANIC01] and VCA [PU05], which have 
been proposed so far in the literature, is utilized. The VCA method achieves more accurate 
rotation estimation results than PCA when the 3D objects are composed of large flat areas. 
Otherwise, PCA produces better results than VCA.  

The proposed rotation estimation framework leads to the automatic detection of the models 
three principal axes with a quite satisfying level of success. However, it does not provide 
information about the orientation of the principal axis. Therefore, for each of the three 
principal axes, there are two possible orientations, which results in 8 different alignments of 
the model. Taking also into account the fact that the first principal axis may not always be 
successfully selected among the three principal axes, this leads to a set of 3×8 = 24 different 
alignments. 

It must be noted that the proposed rotation estimation method is introduced to deal with the 
arbitrary rotations of the model and not to overcome the inherent limitations of PCA and VCA 
in identifying the first principal axis and estimating the model’s orientation. The problem of 
having 24 possible alignments is overcome by appropriately selecting the set of 2D views as 
well as by introducing an efficient matching method, which will be elaborated in the 
following sections. 
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2.2 A Set of Uniformly Distributed Views 
The new CMVD method is based on the matching of multiple 2D views, which can be 
extracted from a 3D object by selecting a set of different viewpoints. In order to be uniformly 
distributed, the viewpoints are chosen to lie at the vertices of a regular polyhedron. The type 
of the polyhedron and the level of tessellation need to be carefully considered in order to 
provide the optimal solution. As mentioned in the previous subsection (2.1), the rotation 
estimation method may not effectively identify the �rst principal axis among the three 
principal axes. This drawback can be obviated by selecting as a base polyhedron a regular 
octahedron. An octahedron can be placed with its centre at the origin and its six vertices on 
the orthogonal axes of a cartesian coordinate system. By taking views from the vertices of the 
octahedron and aligning the principal axes of the 3D object with the x-, y-, and z-axes of the 
cartesian coordinate system, the selection of views is irrespective of which axis is selected as 
the first principal axis. 

However, the six vertices of a regular octahedron seem to be inadequate to describe the global 
shape of a 3D object. In fact, the more densely distributed the selected viewpoints are the 
better description of the 3D shape can be achieved. Therefore, a trade-off between increasing 
the number of views, in order to have an adequate description, and limiting at the same time 
this number, in order to keep the descriptor extraction time within an acceptable range, is 
required. As mentioned in [CHEN03], 15 to 20 views can roughly represent the shape of a 3D 
model. Based on this notion, the 18 vertices of the 32-hedron, which is produced by 
tessellation of an 8-hedron (octahedron) at the first level, can provide an appropriate set of 
viewpoints. 

In order to render the multi-view images, the camera viewpoints are placed at the 18 vertices 
of the 32-hedron. The image rendering uses orthographic projection, i.e. views are taken from 
planes tangential to the 32-hedron at each viewpoint, as opposed to perspective projection, 
where views are taken directly from the viewpoint. Two 2D image types are available: Binary 
Images: the rendered images are only silhouettes, where the pixel values are 1 if the pixel lies 
inside the model’s 2D view and 0 otherwise. Depth Images: the pixel intensities are 
proportional to the distance of the 3D object from each sample point of the corresponding 
tangential plane. 

Although binary images provide an efficient and robust representation of a 2D view, depth 
images contain more information and produce better retrieval results, if appropriately 
exploited. 

2.3 Computing 2D Functionals on each View 
 The set of uniformly distributed views, described above, consists of 2D binary images and 
depth images of size 100×100 pixels. In each image, three rotation-invariant functionals are 
applied in order to produce the �nal set of descriptors per view. 

Let ft(i, j) be the 2D image, where i, j = 0,...,N �1 , N ×N the size of the image, t = 1,...,NV and 
NV the total number of views. The values of ft(i, j) are either 0 or 1, for the binary images, 
while in the case of depth images, the values can be any real number between 0 and 1. 

   



VICTORY Deliverable 4.5 PU Contract N. 044985 

 

January 2009 13 LIVINGSOLIDS  
 

2D Polar-Fourier Transform 
The Discrete Fourier Transform (DFT) is computed for each ft(i, j), producing the vectors 
FT(k,m), where k,m = 0, . . . ,N � 1. In the DFT, shifts in the spatial domain cause 
corresponding linear shifts in the phase component. Thus, the DFT magnitude is invariant to 
circular translation. Therefore, using discrete polar coordinates, rotation is converted to 
circular translation, which leads to rotation-invariant descriptors. For each ft(i, j), the first 
K×M harmonic amplitudes are considered. 

2D Zernike Moments 
Zernike moments are defined over a set of complex polynomials which forms a complete 
orthogonal set over the unit disk and are rotation invariant. The Zernike moments Zkm 
[ZARPLAS07], where �� Nk , |m| �  k, are calculated for each ft(i, j) with spatial dimension 
N×N, producing a vector of rotation-invariant Zernike descriptors. 

2D Krawtchouk Moments 
Krawtchouk moments are a set of moments formed by using Krawtchouk polynomials as the 
basis function set. Following the analysis in [HILAGA01] and some specifications mentioned 
in [TUNG05], they were computed for each ft(i, j), producing a vector of rotation-invariant 
Krawtchouk descriptors. 

A compact representation of the multi-view descriptor implies also a small number of 
descriptors per view, otherwise the shape matching time would be prohibitive. The numbers 
of descriptors for each of the above functionals are determined as follows: Concerning the 
amplitudes of the Polar-Fourier coefficients, the values of up to order kFT are selected, 
resulting in a total of NFT =(kFT ×(kFT +1))/2 descriptors. Similarly, selecting Krawtchouk 
moments of order kKraw results in NKraw =(kKraw ×(kKraw +1))/2 descriptors. Finally, selecting 
Zernike moments of order kZern would give (kZern/2 +1)(kZern +1) descriptors, which is reduced 
to NZern = (kZern/2 +1)((kZern +1)/2 +1) descriptors. 

The total number of descriptors ND for each view is given below: 

ND = NFT +NZern +NKraw    (1) 

In order to produce a compact descriptor vector, the number ND should be relevantly small, 
which implies small values of orders kFT , kZern and kKraw, but not significantly small so as not 
to discard valuable information. It was found experimentally, that the optimal values are: 

kFT = 12, kKraw = 12 and kZern = 13. (2) 
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3 Matching Method 
Similar to existing view-based approaches, the CMVD framework measures the similarity 
between two 3D objects by summing up the similarity from all the corresponding images. 

Let Dt be the descriptor vector of the tth view, which is extracted according to the procedure 
described in 2.3. The dissimilarity metric between a corresponding pair of views of two 
models A and B is given by the L1-distance: 

�
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tt kDkDd

1

)()(
 

(3)
 

where ND is the number of descriptors per view. 

3.1 3D/3D Matching 
Let now A and B be two 3D models, with descriptor vectors Dt

A and Dt
B, respectively, where 

t = 0,...,NV and NV the total number of views. The total dissimilarity d between the models A 
and B is given by the following equation: 
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where dt is the dissimilarity of the tth view described in (3), thus the total dissimilarity 
between two 3D objects is the sum of the dissimilarities of the corresponding views. Note that 
the dissimilarity metric does not include matching of all views of model A with all views of 
model B (“all-to-all” matching), it includes matching of only the corresponding views (i.e. 
matching of View1

A with View1
B, View2

A with View2
B and so on). The 3D/3D matching 

procedure is depicted in Figure 2. The numbering of views has been arbitrarily chosen but it is 
consistent for every 3D model. This results in a significantly fast matching procedure, 
however, it requires that rotation normalization provide 100% success, not only in terms of 
identification of the three principal axes but also in terms of orientation of each axis. 

 
Figure 2: The similarity matching framework 

In Figure 3, the results of rotation normalization for three 3D models, by using the method 
described in Section 2.1, are presented. The method succeeds in detecting the first principal 
axis (x) in all three cases, while, in the third case, it confuses the second with the third 
principal axis (y,z). Although all three models look similar, a comparison of the first two with 
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the third, using (4), would produce an unexpectedly large dissimilarity. This is due to the fact 
that the views numbers in the third model correspond to different model parts compared to 
those in the first two models (e.g. in the third case, view #2 depicts the back of the animal, 
while in the first two cases, view #2 depicts the left side view, etc.). 

 
Figure 3: The results of unsuccessful rotation normalization in 3D/3D matching 

The above problems cannot be avoided due to the inherent limitations of PCA and VCA. 
However, for a model rotated by an arbitrary angle, the proposed rotation estimation method 
is accurate in detecting the three principal axes, disregarding of the axis order and orientation. 
Taking the above into account, the similarity matching of two 3D models can be improved, if, 
instead of a single set of views, 24 different sets of views are used for the second model. This 
number is equal to the different possible alignments of the 3D model, after the rotation 
normalization step is applied. In order to produce these sets of views, the 3D model should be 
rotated 24 times at intervals of 90 degrees. In the case that the multiple views are taken from 
the six vertices of a regular 8-hedron (octahedron), then, in each of the 24 rotations, the 
viewpoints will always lie at these six vertices. Thus, the views (and consequently the 2D 
descriptors) need to be extracted only once. In order to have an adequate set of views, a 32-
hedron (produced by the octahedron at the first level of Tessellation) is used instead. The total 
dissimilarity d between A and B is now modified as: 
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where r = 1,...,24 is the total number of rotations of the second model, dr is the dissimilarity 
of the r th

  rotation and NV = 18 is the number of views of the 32-hedron. 

3.2 2D/3D Matching 
Retrieval of 3D models can also be achieved if, instead of a 3D model, a single 2D image is 
used as query. In order to measure the dissimilarity, the query 2D image is compared to the 
NV views of the 3D model and the most similar (to the image) view is selected: 
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where t = 1,...,NV , NV = 18 is the total number of views of model B, DQ(k) are the descriptors 
of the query image Q and Dt

B(k) are the descriptors of the tth view of model B. 

It is obvious that 2D/3D matching cannot be as efficient as 3D/3D matching, since a 2D 
image is unable to capture the global visual information of an object. However, it is much 
easier to provide a 2D image as query than a 3D model (e.g. take a photo of an object or draw 
a sketch). In order to produce a valid dissimilarity metric, the 2D image query should be of 
the same type as the multiple views generated from a 3D model, i.e. either binary 
(black/white) images or depth images. Since depth images are usually difficult to create, 
binary images are preferred. 

3.3 Computational Aspects 
A method for 3D search and retrieval should not only be effective in retrieving similar objects 
but also be adequately fast, which makes it appropriate for online applications. Therefore, a 
major aspect in the proposed method is the computation time. 

The main time-consuming parts throughout the descriptor extraction procedure are the 
multiple views generation and the 2D functionals computation. The views generation time per 
object varies from a few milliseconds to a few seconds and depends on the number of 
triangles that constitute the object’s 3D mesh. On the other hand, the 2D functionals 
computation time depends on calculations performed on a fixed number of equally-sized 2D 
images, thus, has only slight variations. 

Similarly, the matching time between two 3D models is constant, since it involves distance 
computation of equally-sized descriptor vectors. 

However, this time may become prohibitive when the number of database models increases 
significantly and each 3D model should be rotated 24 times according to the proposed 
matching framework. In this case, a method based on look-up-table, similar to the one 
presented in [CHEN03] is utilized to speed-up the matching process. 

In Table 1, the average computation times for descriptor extraction and matching procedures 
are summarized. The times were obtained using a PC with a 2.4 GHz processor and 3GB 
RAM, running operating system Windows XP. 

Action  Time (msec)  
Views Generation  2587  
Polar-Fourier Descriptors Extraction  63  
Krawtchouk Descriptors Extraction  398  
Zernike Descriptors Extraction  811  
Matching between 2 models  10  

Table 1: Average computation times for descriptor extraction and matching procedures 
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4 Performance Evaluation 

4.1 Evaluation of the 3D/3D Matching Method 
The CMVD method was experimentally evaluated using three different databases. The first 
one was compiled from the Internet by us and it is called “the ITI database” [ITIDB]. It 
consists of 544 3D models classified in 13 different categories: 27 animals, 17 spheroid 
objects, 64 conventional airplanes, 55 delta airplanes, 54 helicopters, 48 cars, 12 motorcycles, 
10 tubes, 14 couches, 42 chairs, 45 fish, 53 humans, and 103 other models. This choice 
reflects primarily the shape of each object and secondarily its function. The average numbers 
of vertices and triangles of the models in the new database are 5080 and 7061, respectively. 

The second dataset, the “Princeton Shape Benchmark (PSB)” [PSBDB], was formed in 
Princeton University and it consists of 907 3D models classified into 35 main categories. This 
classification reflects primarily the function of each object and secondarily its form. Finally, 
the third dataset, the “Engineering Shape Benchmark (ESB)” [ESBDB], contains a total of 
867 3D CAD models from the mechanical engineering domain. They are classified into 3 
main classes: 107 flat-thin wall components, 281 rectangular-cubic prism and 479 solids of 
revolution. 

To evaluate the method, each 3D model was used as a query object. The retrieval performance 
was evaluated in terms of “precision” and “recall”, where precision is the proportion of the 
retrieved models that are relevant to the query and recall is the proportion of relevant models 
in the entire database that are retrieved in the query [DARAS06]. 

 
Figure 4: Precision-recall curves diagram of the proposed method using the ITI database 

Two variations of CMVD are used: the CMVD-Binary that uses binary images and the 
CMVD-Depth that uses depth images. In Figure 4, the precision-recall diagrams of the 
CMVD method using the ITI database are depicted. It is obvious that the use of depth images 
instead of binary images improves the performance of the method, since the depth image can 
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capture more details in a 3D object. The method is also compared with the Spherical Trace 
Transform (STT), which was presented in [ZARPLAS07]. The Spherical Trace Transform is 
a transform-based method and produces rotation-invariant descriptor vectors with high 
discriminative power. Although STT has demonstrated very high performance in ITI 
database, the CMVD-Depth method is slightly better. 

An attempt to combine the advantages of the view-based CMVD method and the STT 
(transform-based) method was also made. The retrieval results of the combined “CMVD-
Depth & STT” method are depicted in Figure 4. As expected, the combination of different 
types of descriptors has achieved the highest retrieval performance. 
 

 
Figure 5: Precision-recall curves diagram of the proposed method using the PSB database 
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Figure 6: Precision-recall curves diagram of the proposed method using the ESB database 

Similar results are obtained using the PSB and the ESB databases. In Figure 5 and Figure 6, 
the precision-recall diagrams of the proposed method (CMVD-Binary and CMVD-Depth) and 
the combination of CMVD-Depth with STT (CMVD-Depth & STT) are shown for the PSB 
and the ESB database, respectively. The diagrams demonstrate the retrieval efficiency of 
CMVD-Depth method, as well as of the combination of CMVD-Depth with the Spherical 
Trace Transform. 

Our results were also compared to those of the following three methods. The first two belong 
to the category of the “view-based” methods, while the third combines 2D view-based 
methods with a transform-based method. 

The Light �eld descriptor (LFD): Similar to CMVD, LFD [CHEN03] uses a representation of 
a model as a collection of images rendered from uniformly sampled positions on a view 
sphere. The distance between two descriptors is defined as the minimum L1-difference, taken 
over all rotations and all pairings of vertices on two 12-hedron(dodecahedron). The 
advantages of CMVD over LFD are: a) significantly less number of rendered 2D views, since 
only 18 views are extracted, b) less number of different rotations, since a pose normalization 
step has been added, and c) the use of depth images instead of only black/white silhouettes, 
which captures more details per view. 

The Bag-of-Features SIFT algorithm (BF-SIFT): BF-SIFT [OHBUCHI08] is also based on 
the rendering of a set of range images from multiple viewpoints. For each image, the method 
uses the well-known Scale Invariant Feature Transform (SIFT) to extract local features. 
Finally, the method integrates all the local features of the model into a single feature vector by 
using the Bag-of-Features approach. 

DSR: This method, denoted as hybrid DSR [VRANIC04], is a combination of two view-based 
methods and the well-known transform-based method REXT [VRANIC03]. DSR is one of the 
best-known shape matching methods that produce very accurate retrieval results, which 
reinforces the notion that the combination of view-based with transform-based methods 
achieves the highest efficiency of descriptors. 
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It should be noted that we did not implement the above methods. The performance of the �rst 
and the third method was computed by using the executables taken from the home pages of 
the authors, while the results of the second method were directly extracted from the ones 
presented in [OHBUCHI08] and are available only for the PSB database. 

Figure 7 contains a numerical precision versus recall comparison of CMVD-Depth with the 
aforementioned methods using the PSB database. It is clear that the proposed method 
outperforms all others. The difference is even more noticeable when the proposed method is 
combined with the Spherical Trace Transform (CMVD-Depth & STT). 

 
Figure 7: Comparison of the proposed method with LFD, BF-SIFT and DSR in terms of precision-recall, using 

the PSB database 

Similar results are obtained using the ITI and the ESB databases. Figure 8 and Figure 9 
illustrate the precision-recall diagrams, using the ITI and the ESB database respectively, 
where CMVD-Depth and the combination of CMVD-Depth with STT (CMVD-Depth & STT) 
are compared to the LFD and DSR methods. The results are impressive, since both of the 
proposed approaches outperform the other existing 3D shape retrieval methods. It is worth to 
mention that CMVD-Depth alone is slightly better than DSR, which combines view-based 
and transform-based information. 
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Figure 8: Comparison of the proposed method with LFD and DSR in terms of precision-recall, using the ITI 

database 

 
Figure 9: Comparison of the proposed method with LFD and DSR in terms of precision-recall, using the ESB 

database 

4.2 Evaluation of the 2D/3D Matching Method 
The experimental results presented above have proven that the CMVD descriptor is very 
effective in retrieving similar 3D objects from a database, using a 3D model as query. 
However, an input 3D model is not always available and it cannot be created from scratch by 
a non-expert user. Thus, using a 2D image or a hand-drawn sketch as query is more 
convenient to inexperienced users. 
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As explained in the previous sections, the integrated matching framework provides efficient 
search and retrieval capabilities using only a 2D image or a sketch as a query, when an input 
3D model is not available. In this case, the matching is performed by computing the 
dissimilarity between the query image and the multiple 2D views of the 3D object and finally 
selecting the view with the lowest dissimilarity. Since depth images cannot be easily sketched 
or retrieved, most input data will be 2D images in binary form. 

It is obvious that 2D/3D matching cannot be compared with 3D/3D matching, in terms of 
retrieval performance, since the amount of information enclosed in a 2D query is significantly 
less than in a 3D object. In order to measure the performance of the 2D/3D matching method, 
an evaluation scheme more qualitative than quantitative, other than precision/recall, is needed. 
The evaluation procedure, followed in this paper for 2D/3D matching, is described below: 

For each 3D object of the ITI database, a single 2D view, preferably the most significant, was 
selected from the set of the 18 binary images. Each of the selected binary images was used as 
query in order to retrieve 3D objects from the ITI database. Note that the term “significant” 
has been used to characterize the view that an ordinary user would choose, if asked to 
represent a 3D object in two dimensions. In order to ensure validity of results, an experiment 
has been conducted, where 50 users were asked to choose among all views of several 3D 
objects the most representative ones. Although the identification of the most significant view 
for a 3D object is highly subjective, the one that reflected the majority of users was eventually 
selected. Finally, for each 2D query, a rank list of retrieved results is generated and a 
qualitative evaluation of the k-first results, in terms of similarity to the query, takes place. 

The results are impressive, since, for the majority of the queries, the 3D objects retrieved at 
the first positions of the rank list belong to the same category as the query. Figure 10 depicts 
the retrieved results for seven example 2D queries. The first model is the query binary image, 
while the rest are the first nine retrieved 3D objects. Note that the 3D object that corresponds 
to the query image has been removed from the rank list. 
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Figure 10: Retrieved 3D models using only a single view as query 

4.3 Results for SHREC 2009 - Structural Shape Retri eval 
The 3D/3D matching method was also evaluated on a new benchmark dataset of 3D models, 
introduced in Structural Shape Retrieval Track of SHREC 2009 contest [SHREC09A]. The 
dataset consists of 200 3D objects classified in 20 categories and 10 queries have been 
provided. The performance was evaluated using first and second tier precision and recall, 
finally presented as the F-measure. The first tier represents the first 10 objects retrieved while 
the second tier the first 20 objects retrieved. F-measure is separately calculated for both 1st 
and 2nd tier. The F-Measure will only be high if both precision and recall are high: 

F-Measure  = (2 * Recall * Precision) / (Recall + Precision) 

The CMVD method, presented in this deliverable, was combined with a volume-based 
method, the Shape Impact Descriptor (SID). A more detailed description of SID is available 
in Deliverable D4.2 “Low-Level Feature Extraction Algorithms” of the VICTORY project. 
Five different institutes participated in the Structural Shape Retrieval Track of SHREC 2009 
contest, including the CERTH/ITI group. The compound CMVD-SID method of CERTH/ITI 
was compared with the methods of the other four institutes. The results concerning the 
absolute and relative values of F-Measure are presented in Figure 11 and Figure 12, 
respectively. The rank lists submitted by the CERTH/ITI group are shown in green. A more 
detailed view of the results is also available at the web site of the Structural Shape Retrieval 
Track of SHREC 2009 (http://shrec.ge.imati.cnr.it/SHREC_2009_-
_Structural_Shape_Retrieval/Results.html).  
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Figure 11: Average results using F-Measure (Absolute Values) 
 

Regarding the First Tier, it is obvious that for all different measures (Precision, Recall and F-
measure), the third run of the proposed compound CMVD-SID approach is ranked second 
among 14 different submitted runs. More specifically, the three different runs of the 
compound approach are in the second, third and forth place. The retrieval performance of the 
method is improved in the Second Tier, where the third run of the compound CMVD-SID 
approach is always ranked first for all different measures. This is very important, if we also 
consider that the second tier provides a better overview of the complete retrieval performance 
than the first tier, since it relies on the first 20 retrieved objects, instead of 10 used in the first 
tier. In general, the three out of four runs submitted by us are always ranked in the first four 
places. 

Another remarkable conclusion drawn from the results is that the combination of a view-
based approach, such as CMVD, with a volume-based method, such as SID, achieves 
significantly high retrieval accuracy. This is due to the fact that every approach captures 
different geometric properties of a 3D object. More specifically, the view-based approach 
relies on the assumption that as the 3D models are completely given, projections can be 
produced in a controlled manner so that nuisance effects of occlusion (except self-occlusions), 
clutter or affine deformations are avoided. The only drawback is that it discards valuable 3D 
information (due to the self-occlusion). The latter can be avoided if a volume-based method, 
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such as SID, is merged with the view-based CMVD, producing the compound CMVD-SID 
descriptor. 

 

Figure 12: Average results using F-Measure (Relative Values) 
 

4.4 Results for SHREC 2009 - Shape Retrieval Contes t of Partial 
3D Models 

The performance of the 2D/3D matching method has been tested on a new 3D object dataset 
provided for the SHREC 2009 - Shape Retrieval Contest of partial 3D models [SHREC09B]. 
This dataset consists of 720 3D objects classified in 40 categories. The query set is composed 
of 20 range images, which are acquired by capturing range data of 20 models from arbitrary 
view directions.  

Three variations of the CMVD have been used for evaluation, resulting in three different runs: 
a) CMVD-Binary that uses binary images, b) CMVD-Depth that uses depth images and c) 
merged CMVD-Depth and CMVD-Binary, which is a weighted sum of the dissimilarities 
computed by each method separately. The performance has been evaluated using 6 different 
evaluation metrics: Nearest Neighbour (NN), First Tier (FT), Second Tier (ST), F-Measure, 
Discounted Cumulative Gain (DCG) and Precision Recall Diagram. 
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The three variations of CMVD were compared with two other state-of-the-art methods, BF-
SIFT and BF-GridSIFT. In Figure 13, the precision-recall curves of all methods are depicted. 
A more detailed view of the results is also available at the web site of the SHREC 2009 - 
Shape Retrieval Contest of partial 3D models.  
(http://www.itl.nist.gov/iad/vug/sharp/benchmark/shrecPartial/results.html). 
 

 

Figure 13: Precision-Recall Curves for one run of all methods 
 

It is clear from the results that all three runs of our CMVD approach outperform the BF-SIFT 
method, while they are competitive with the BF-GridSIFT method. More specifically, our 
method outperforms BF-GridSIFT for recall values close to 0.1, from 0.5 to 0.6 and greater 
than 0.9. This means that we have a better retrieval accuracy for the first 10% of relevant 
retrieved results, i.e. in the first places of the rank list, while we have comparative or even 
better retrieval accuracy for the last 50% of relevant retrieved results. Furthermore, CMVD-
Depth has the same NN (0.45) with BF-GridSIFT. Nearest Neighbour indicates the relevance 
to the query of the first retrieved result. Regarding the Emeasure and DCG, the CMVD-
Binary and the CMVD-Depth & STT achieved better performance respectively. Their values 
are very close to the ones of BF-GridSIFT. The overall results demonstrate that the CMVD 
descriptor is among the best 3D object retrieval methods that use as query only a single 2D 
view, such as a range scanned image. 
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5 Integration to the VICTORY Framework 
The 3D shape retrieval in the VICTORY framework is a procedure distributed among 
different VICTORY entities: 

i) The feature extraction module is engaged, in order to extract the new descriptors. 
The feature extraction module can be part of the client application (Desktop PC 
case) or the mobile gateway (Mobile case).  

ii)  The new descriptors are submitted to the Search Engine along with the rest of the 
information concerning the new MultiPedia object. The Search Engine is also 
responsible for the matching between a given MultiPedia object and all the 
submitted objects. 

iii)  Searching for MultiPedia objects, using either a 3D model or a hand-drawn sketch, 
is enabled through the user interface, which is part of the client application. The 
feature extraction module is once again engaged, in order to extract the query 
descriptors. 

More information about the different VICTORY entities can be found in D2.1 “VICTORY 
architecture analysis and building blocks analysis” and D3.1 “P2P-based networking stack”. 

5.1 Share 
During the sharing of a MultiPedia object, the user specifies the 3D model that s/he wishes to 
share in a registered VICTORY community. After selecting the 3D model to share, the client 
undertakes the following actions: 

i) A screenshot of the specified model is automatically created. 

ii)  The volume based feature extraction algorithm, developed in Task 4.1 of the 
Victory project, is applied on the model and a set of 3D descriptors is extracted. 
More information on the volume based feature extraction algorithm can be found 
in D4.2 “Low-level feature extraction algorithms”. 

iii)  The view based feature extraction algorithm, described in the present deliverable is 
applied on the model. A set of 18 views is produced and the appropriate 
descriptors are extracted from each view. 

iv) Based on the extracted descriptors, the annotation propagation module suggests a 
classification of the model. The annotation propagation module is described in 
D4.3 “Annotation and annotation propagation algorithms”. 

The user is then called to provide a name and a description for the MultiPedia object, to check 
and to correct the classification if needed, to provide attachments as descriptions of the object 
(text files, images, video files, etc.) and to confirm the submission of the new object. The 
share interface of the client application is depicted in Figure 14. 
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Figure 14: Sharing a MultiPedia object 

5.2 Indexing and Matching 
The view based descriptors, along with the rest of the automatically generated and user 
provided information concerning the new MultiPedia object, are submitted to the Search 
Engine. The Search Engine is responsible for indexing the submitted MultiPedia objects, as 
well as calculating the similarities between query objects and indexed objects (matching). 
Detailed information about the services provided from the search engine can be found in D4.6 
“Ontology management” and D5.4 “Search engine - beta version”. 
 
In the next table the attributes used for describing a MultiPedia object inside the Search 
Engine are shown. 
 
Attribute Type Description 
Att_File_ID String The value of this attribute is 

unique for each MPO registered 
in the MultiPedia repository and 
is used by the search engine’s 
mechanisms when manipulating 
MultiPedia content. 

Att_MPO_Name String Name of the MPO object 
Att_CreationDate Timestamp Timestamp of the creation of the 

MPO 
Att_3DObjectId MD5 Checksum MD5 Checksum of the 3D object 
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Attribute Type Description 
Att_Preview MD5 Checksum MD5 Checksum of the 3D 

object’s preview (thumbnail)  
Att_Attachments Set of MD5 

Checksums 
MD5 Checksum of all MPO files  

Att_Attachment_Filenames Set of Strings Filenames of all files which 
constitute the MPO 

Att_Type Set of predefined 
Strings (object types) 

All categories in which the 
MultiPedia object belongs 

Att_Description String Textual information for 
describing the specific MPO 

Att_LowLevelFeatures Vector of Floats Descriptors generated by the 
volume based low level feature 
extraction 

Att_ViewBasedLowLevelFeatures Set of Vectors of 
Floats 

Descriptors generated by the 
view based low level feature 
extraction 

Att_owner_eMail String Email of Creator/Submitter 
Att_owner_Name String Name of Creator/Submitter 
Att_DRM String Digital Rights Management 

method used to protect the 3D 
object (IPMP/None) 

Att_3DFileSize Integer Size of 3D file (in KB) 
Att_3DFileFormat String File format of the 3D object 

(.wrl, 3Ds, etc.) 
Table 2: MultiPedia object attributes 

 
In the following lines, the structure of the view based low level feature vector attribute is 
shown in XML format. This structure is used inside the Search Engine, as well as for the 
communication between the Search Engine and the peers. 
 

XML-Entity SE Structure 
  
<A n="Att_ViewBasedLowLevelFeatures"> Attribute 

<Set class="SetOfLLFV2D.V1"> Set 
<Agg class="Agg_lowlevelFeatureVector2D.V1"> Vector 

<AV n="value2d0001" v="0.922629"/> Float 
  
… (repeated $number of descriptors per view$ times ) …  

  
</Agg>  
  
… (repeated $number of views per object$ times ) …  

  
</Set>  

</A>  
Table 3: Structure of the view based low level feature vector attribute 
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5.3 Search 
As a first step during the search procedure, the user selects the type of query that s/he wants to 
use. Figure 15 depicts the initial search interface and the query type selection menu. The 
following search methods are supported and explained in the sequel: a) 3D / 3D Search and b) 
2D / 3D Search. 

 
Figure 15: Query type selection 

In Figure 16, the corresponding interface for the mobile client application is shown. Since the 
desktop PC and the mobile client application have a similar functionality, concerning the 
search & retrieval framework presented in this deliverable, only the desktop PC interfaces 
will be depicted in the rest of the deliverable. 
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Figure 16: Query type selection and retrieved result interface of the mobile client application 

 

3D / 3D Search 
After the user chooses to use a 3D object as query, two 3D descriptor extraction methods are 
available: 
 

i) The volume based extraction, described in D4.2 “Low-level feature extraction 
algorithms” 

ii)  The view based extraction, described in the present deliverable. 
 
The procedure followed in both cases is uniform. After the user selects the query object, the 
descriptor extraction module extracts the appropriate features. A screenshot of the 3D object 
is automatically generated. The user can also restrict search, providing keywords, desired 
classification or filters like owner name, maximum size or file format of the 3D object. The 
search interface is depicted in Figure 17 and the retrieved results in Figure 18.  
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Figure 17: Search by 3D interface 

 
Figure 18: Retrieved results using a 3D object as query 
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2D / 3D Search 
A query 2D image can be taken either by drawing a free hand sketch or by using an image 
from the user’s digital camera as a template. In order to support these types of queries, a user-
friendly interface has been appropriately designed within the VICTORY project. The 
interface provides a typical drawing tool, allowing the user to easily create a binary 2D image, 
as well as a panel to visualize the retrieved results. 

The user has to draw the closed shape of the desired results (Figure 19), fill the shape (Figure 
20) and confirm the search request. The retrieved results are depicted in Figure 21. 

 

 
Figure 19: Search by sketch interface (Draw) 
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Figure 20: Search by sketch interface (Fill) 

 

 
Figure 21: Retrieved results using a free hand sketch as query 
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Despite the simplicity of the proposed interface, the quality of the input hand-drawn sketches 
(and consequently of the retrieved results) depends on the users’ drawing skills. 

As an alternative, a 2D image, taken for example from a digital camera, can be used. In this 
case, a manual segmentation for separating the query image from the background is 
necessary. This functionality is supported by the proposed querying interface, as shown in 
Figure 22. The image is separated from the background by using the interface for user-
assisted segmentation. The tool allows the user to load an image file (Figure 22), draw the 
contour of the desired object (Figure 23) and fill any closed contour (Figure 24) before 
proceeding to the search procedure and retrieve the results (Figure 25).  

 

Figure 22: Search by image interface (Load) 
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Figure 23: Search by image interface (Draw) 

 

 
Figure 24: Search by image interface (Fill) 

 



VICTORY Deliverable 4.5 PU Contract N. 044985 

 

January 2009 37 LIVINGSOLIDS  
 

 
Figure 25: Retrieved 3D models using the Search by image interface 
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6 Conclusions 
In this deliverable, a novel unified framework for 3D object retrieval is presented. The 
method provides search and retrieval capabilities by supporting multimodal queries (3D 
objects, 2D images or sketches). The proposed view-based approach creates a compact 
representation of a 3D object as a set of multiple 2D views (both binary and depth images) 
taken from uniformly distributed viewpoints. For each view, a set of 2D rotation-invariant 
shape descriptors, based on the Polar-Fourier Transform, Zernike Moments and Krawtchouk 
Moments, is produced. A novel matching scheme is also introduced, which calculates the 
global shape similarity between two 3D models by effectively combining the information 
extracted from the multi-view representation.  

The new Compact Multi-View Descriptor (CMVD) was evaluated in terms of retrieval 
performance using three different databases. The results were compared to those of the best-
known retrieval methods in the literature and clearly demonstrate that CMVD outperforms all 
others in terms of precision-recall. Another interesting conclusion is that the combination of a 
view-based method, such as CMVD, with a transform-based method, such as the Spherical 
Trace Transform, achieved the highest retrieval performance. The effectiveness of the 
integrated matching framework, using a single 2D image as query, was also tested. The results 
were impressive, since the method was able to retrieve relevant objects by exploiting a very 
limited amount of information enclosed in a 2D image. 

CERTH/ITI participated in the worldwide Shape Retrieval Contest 2009 (SHREC 2009) with 
the new Compact Multi-View Descriptor. The SHREC2009 results demonstrated the success 
of CMVD, since it achieved a top ranking for several evaluation measures. 
 
This work has been submitted for publication in the International Journal of Computer Vision 
(IJCV) and it will also appear in the Proceedings of the Eurographics Workshop on 3D Object 
Retrieval (March 29, 2009). 
 
Finally, the CMVD method was integrated to the VICTORY framework. In the last section of 
this deliverable, a detailed description of the share, indexing and search procedures, using the 
VICTORY client application, is given. Emphasis is given to search and retrieval of 3D 
objects, using as query either a sketch or a 2D image taken from a digital camera. 
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