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Abstract

We present a method for automatically aligning a collection of similar shapes in arbitrary initial poses. By ana-
lyzing the shape collection we extract a deformation model to capture the variability in the collection. We use this
information to deform an extracted template shape and use it to align pairs of shapes by direct PCA alignment. We
evaluate our method on synthetically created model collections in arbitrary initial poses and demonstrate accurate
results with near ground truth alignment. Our algorithm significantly outperforms existing direct PCA alignment
methods, without significant computational overhead.

1. Introduction tual input shapes in the PCA alignment process. Specifically,
instead of applying PCA to align a pair of input shaggs
andSj, we apply PCA orD;(Sj) andSj, whereD(S;) is

the template shape extracted fréin deformed to matcls;,
andsS; is the proxy shape extracted froff). We tested the
accuracy and speed of our method against direct PCA align-
ment methods, using synthetic data. Preliminary results in-
dicate that our method outperforms such simple alternatives.

Shape collections are now ubiquitous with the proliferation
of cheap 3D acquisition devices and 3D modeling tools.
A number of interesting applications, ranging from shape
search engines to assembly-based 3D modekiS[04]
depend on such collections. Such applications, however, as-
sume the input models to be in mutual alignment, which is
rarely the case, especially in public shape repositories (e.qg.,
Google Warehouse, etc.). Manually aligning such shape col-
lections is tedious, error prone, and often impractical for 2. Background
large collections. Current pairwise alignment approaches are
not designed to handle the additional information implicitly
contained in shape collections.

Global alignment of pairs of shapes is a well studied prob-
lem, with solutions mainly based on normalization, such
as PCA alignmentBTAO2], or exhaustive search over the

We present an automatic method to align a collection of space of possible rotations. Optimization approaches have
similar shapes, for example a class of aeroplanes that canalso been developed in order to increase the accuracy of
be extracted from a shape database using a keyword searchPCA alignment CVBO09] or accelerate the search over the
Our method takes advantage of the structure of the input col- rotations spaceljaz07. Such techniques, however, are de-
lection and the low computational complexity of principal signed to operate on pairs of shapes, which means they can-
component analysis (PCA) alignment, without incurring the not take advantage of the structure of a shape collection. We
inaccuracies that usually accompany it. In a key observation, observe that a collection of similar shapes often lies near a
we use a deformation model and a template shape, extractedlow-dimensional manifold in some shape descriptor space
using previous workQLGM11], as a replacement of the ac-  and this can be used to extract a deformation model that al-
lows us to factor-out the variability of the shape collection,
which is the main cause for the poor accuracy of direct PCA
alignment methods.

—-— 3 Method

The input to our algorithmis a collectiaghof similar shapes.
One shapesy is chosen so that all other shapes are aligned
to it. We now describe the main steps (see Fid)re

Figure 1: Alignment results for three pairs of shapes from
the synthetic dataset we used. The result of moving the wings
outside the fuselage is unrealistic, but challenging to align.
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i) Extract a template
shape S, from S,

Extract a proxy
shape §; from §;

ii) Deform S, to
match shape §;
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iii) Align S, and
S; using PCA

iv) Correct
misalignments

Figure 2: Our algorithm. We start from randomly rotated similar shapes and align them using deformation information.

i) Template shape extraction. We extract a deformation
model that describes the variability of the shape collec-
tion [OLGM11]. We then extract a template shapgfrom
shapeSy and a proxy shap8; for any other shaps;,i €
1...N whereN is the size of the shape collection, using

connected component analysis. Each template shape is es-

sentially a collection of bounding boxes.

ii) Template shape deformation. We use the extracted de-
formation model to deform the template shafgso that

it matches shapé;. In the example of Figur@, the tem-
plate’s component corresponding to the wings of the aero-
plane moves along the fuselage.

iii) PCA alignment. We use PCA to recover the eigen-
vectors of the covariance matrix for template sh&8pend
proxy shapeS;. We align these eigenvectors, thus aligning
Sp andS;.

iv) Misalignment correction. Due to eigenvector ambigu-
ity, it is possible thaSg andS; might be aligned wrongly
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Figure 3: Accuracy comparison of the three methods in
terms of Frobernius distance to the ground truth. Note that
the distance between the wings of aeroplane 0 and aeroplane
99 is 495 units on both x and y axes.

somewhere around shag®g. Note that our algorithm is
oblivious to initial orientations of the models in the collec-
tion. In terms of speed, our method is nearly as fast as direct

in the previous step. We use an exhaustive approach, going PCA alignment and two orders of magnitude faster than best
through the 24 possible alignments and selecting the one thatPCA alignment.

gives the smallest distance betweégandsS;. The resulting
transformation aligns; to Sp.

4, Results

5. Conclusionsand Future Work

We have presented an alignment method for collections of
similar shapes that gives near ground-truth alignments, with-

We created several synthetic datasets to test our approach.out incurring a high computational cost. Next, we would like
Here we report results on 100 synthetic aeroplanes createdto test our approach with real shapes from repositories to val-

by moving the wings of an aeroplai® along the fuselage
and to its side (for examples of aeroplanes see Fidiire

idate our initial results.
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