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Introduction(1/2)

Why do we need “3D Retrieval”? 
graphics hardware is getting faster and 3D scanning hardware 
cheaper, there is every reason to believe that demand for and 
supply of 3D models will continue to increase into the future

What ‘s “Shape-Based Retrieval” ?
like Google searches online text documents ,emerging systems 
now search repositories of 3D surface models with queries 
describing geometric properties

Example
a mechanical engineer might use a search engine to find a 
particular CAD model in a parts catalog
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Introduction(2/2)

The main difficulty is that 3D surfaces rarely 
have simple parameterizations

Dimensionality is higher, feature correspondences, 
and model parameters more difficult

a specialized set of shape analysis methods is 
required for 3D data

The aim is to introduce the problems in 3D 
shape analysis and provide a road map for 
possible solution methods.
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Shape  Analysis Methods(1/6)
Methods for computer-aided shape analysis and retrieval are being 
pursued in several fields

Computer Vision
Computational geometry
Computer Graphics

The primary challenge in building a shape-based retrieval and 
analysis system is to find a computational representation of shape 
descriptors

an index can be built
similarity queries answered efficiently
features computed robustly
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Shape  Analysis Methods(2/6)

Shape-based descriptors should generally be
Concise
efficient to compute
efficient to compare
efficient to search
insensitive to noise
Cracks
invariant to transformations
independent of 3D object representation
representative of key shape features
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Shape  Analysis Methods(3/6)

It’s unlikely that any single shape descriptor will 
satisfy all these properties

There are usually trade-offs between 
computational expense and discrimination 
power

The spectrum of shape descriptors ranges from 
those that are simple to compute to those that 
require expensive computations
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Shape  Analysis Methods(4/6)
Low of the spectrum

multidimensional feature space encode global 
geometric properties (genus, moments, eccentricity, 
and compactness)
utilize histograms of geometric statistics (A3,D1,D2…)
statistics of frequency decompositions (spherical 
harmonic

These statistical methods are generally robust, concise, quick to 
compute, indexable, and effective for characterizing large-scale 
shape features
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Shape  Analysis Methods(5/6)

Middle of specturm
view-based representations that describe the shape 
of a 3D object by a set of 2D projections from different 
views

Hight of the specturm
hierarchical structures can be used as templates for which their
fit to a shape provides useful information
the topology of an object but are almost always time-consuming 
to compute, overly sensitive to small features
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Shape  Analysis Methods(6/6)

Each method involves its own benefits and 
costs associated with different application 
domains

Comparing these shape representations is 
difficult , especially since the quality of the 
results is subjective



Shape  Analysis Applications
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Retrieving 3D Models(1/3)

most important application of 3D shape analysis is the 
retrieval of 3D models available on the Web

Princeton 3D Model Search Engine
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Retrieving 3D Models(2/3)

The search engine uses a statistical shape descriptor representing 
the shape

spherical harmonic frequency
each distance from the model’s center of mass

The representation is Invariant to the model’s orientation , performed 
without aligning the models a priori or searching over all possible 
rotations

Euclidean distance between two descriptors provides a lower bound 
on the Euclidean distance between the corresponding 3D models

The system takes less than one second to find the 16 best matches 
in a database



Retrieving 3D Models(3/3)

Far receiving 770,000 queries from 160,000 different 
host , 130 different countries

the majority of queries (65%) include only text keywords

one-third of the queries have incorporated some sort of 
shape

Most often as “find similar shape’’ (13% of all queries) 
and 2D sketches (16% of all queries)

People tend to be most effective when starting out with a 
text query , using “find similar shape’’ to find other 
models of the same type that were not well-annotated 14
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Conclusion

Shape-based retrieval and analysis tools 
are proving useful in a number of 
application domains

New methods will soon be deployed to 
perform robust feature detection, partial 
shape matching, part decomposition, and 
eventually complete semantic labeling
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