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ABSTRACT

In this work we compute the similarity of 3D faces using a set of
eight contour curves. These contours were selected and matched
using our 3D face matching framework. In previous work, we
performed extensive research to the selection of distinctive facial
curves for 3D face matching. To relate the performance of several
of these curves to other face matching methods, we participated the
SHape REtrieval Contest (SHREC) of 3D Face Scans. Within this
contest we have used a set of eight C-contours and tested their face
retrieval performance using two different distance measures. In an
attempt to increase the expression invariance of these curves, we
employed our 3D face matching framework to match either 100%
of the selected features or the subset of the best 60% of the selected
features. Results show that the selected distance measure can have
a great influence on the distinctiveness of facial curves. In case of
large variations in facial expressiveness, the subset of the best 60%
of the features increases the overall performance. With a recog-
nition rate of 91.1% and a mean average precision of 0.693 our
method performs reasonably well compared to other methods.

1 INTRODUCTION

The first 3D face matching algorithms mainly focussed on com-
paring face scans with neutral expressions. However, for a 3D face
matching algorithm to be widely applicable, expression invariant al-
gorithms were necessary. With an emphasis on how to match a 3D
neutral scan with a 3D expression scan, algorithms became more
advanced. Different sets of various facial curves were investigated
for their invariance to expressions [2, 3] and surface geodesics were
put to use to obtain bending invariant representations [1]. With the
continuously growing sizes of 3D face databases, such as the FRGC
v.2 with over four thousand 3D face scans, the scalability of 3D
face matching method is furthermore an important aspect. Our 3D
face matching framework enabled the selection and comparison of
different facial curves [3], allowing the selection of discriminative
features for efficient face matching. In this work we briefly describe
the settings of our framework, that we used to retrieve faces within
the SHape REtrieval Contest of 3D Face Scans.

2 METHOD

Starting from the tip of the nose in a pose normalized face, our
framework [3] extracts profile curves over the face surface in differ-
ent directions. These sets of profile curves are used to determine the
similarity of two faces. To match two profile curves, we match a set
of samples along the curves. When combined, all samples with the
same constraints builds up a face contour. Because our framework
was implemented to work on surface meshes with a proper topol-
ogy and without holes, we fitted a morphable face model [4] to each
of the 427 face scans. After the fitting, we obtained a good model
with the required properties for our face matching framework.
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To compute the similarity of two faces A and B, we extract N,
samples for each of the IV, profiles. Such a sample A;; is defined
as the intersection(s) of profile i and contour j. Because the profiles
and their contour samples are extracted in a structured way, we can
assume that these N < N, - N, samples correspond for faces A
and B. The distances between these correspondences introduce a
dissimilarity. We use this information in a 3D face matching frame-
work that consists of the generic formula

N, N,
1 — -
d(AB)= 5D fu) di(Ay,By),
i=1 j=1

which must be instantiated with the following parameters:

* The number of profiles V,,.

¢ The number of contours N..

e The distance measure for two corresponding samples

ds(Aij, Bij).

¢ The function f,, that determines the weight for a profile with

N, samples.

For the experiment we extracted from each face a set of N,=90
profile curves. Along these curves we extracted N.=8 C-samples,
building a feature set of eight C-contours (720 sample points). Fig-
ure 1 shows the contour samples extracted from a face model that
was fitted to scan data. We have used this set of features also in [3].

Figure 1: The set of eight contour curves extracted from a model
(right) which was fitted to a scan (left). The line shown in black is one
of the V;,=90 profile curves.

The information of each 3D face is now reduced to a small set
of (N. x Np) 3D sample points, with one-to-one correspondence
to the same set of samples in a different face. In case two faces are
identical, the distance of these extracted samples sum up to zero,
otherwise they cause a dissimilarity. In our experiments we have
used two different distance measures (dp1 and dp2) within measure
ds.

ds(Aij, Bij) = minvpea; voeB,; dp(p; 9),

dp1(p, @) = (e(p, pnt) — €(q,pnt))?,

dPQ(p7 Q) = (e(pv q))27

where dj, is the squared difference in Euclidean distance e to the
tip of the nose (pn:) and dp2 is the squared Euclidean distance.



D dp RR MAP | MADP
ter Haarrunl | 100% | dp1 | 76.1% | 0.561 0.729
ter Haarrun2 | 100% | dp2 | 86.9% | 0.668 0.809
ter Haar run3 60% dp1 81.5% | 0.615 0.766
ter Haar run4 60% dp2 91.1% | 0.693 0.823

Table 1: Retrieval results of our different runs

Our framework can be easily adapted, such that the matching of
features becomes more invariant to facial expressions. By intro-
ducing function f,,, a weight can be assigned to different profile
curves. In this experiment we use f,, to assign a weight of 1 to the
p% best matching profiles and a weight of O to the other profiles.
Values p=60 and p=100 were used. With this function, profiles in
facial areas that changed because of an expression can be neglected
for the actual face comparison.

3 RESULTS

The results of four different runs on the SHREC’08 3D face
database are shown in Table 1. These runs are based on the eight
uniformly extracted C-contours and are matching according to,

1. p=100% of the profiles using measure dp1,

2. p=100% of the profiles using measure d2,

3. p=60% of the profiles using measure dp1,

4. p=60% of the profiles using measure dp:s.

Based on the squared Euclidean distance (d2) the selected features
perform approximately 10% better with recognition rates (RR) of
86.9% (run2) and 91.1% (run4) on this database. This can be ex-
plained as follows. When the curve distance of a profile on two
different faces increases, the distance to the nose tip may remain
the same while the Euclidean distance between the profiles does
change. On the other hand, when the Euclidean distance between
two samples is zero, the distance to the nose tip is zero too. Match-
ing features using the Euclidean distance (dp2) between samples is
therefore more reliable, achieving high results.

The use of a smaller percentage of best matching profiles in-
creases the recognition rates with approximately 5% to a maximum
of 91.1% for run4. The matching of profiles in a more selective way
allows the exclusion of data in facial regions which could have been
changed by an expression. Since the SHREC’08 3D face database
contains scans of subjects with various expressions, the matching
of a subset of profiles improves the retrieval performance. Figure
2 shows an example of a difficult query (rank 1) which is recog-
nized using p=60% of the profile curves and not recognized using
p=100% of the profile curves.

To perform 427 times 427 face comparisons using the 720 prede-
termined correspondences, our face matching method requires less
than one hundred seconds on a Pentium IV 2.8 GHz.

4 CONCLUDING REMARKS

We have shown that a small set of contour curves can be used for
3D face retrieval in both an efficient and effective manner. Effi-
cient because correspondence are determined before the actual 3D
face matching, which allows the matching of 427 times 427 faces
in less than one hundred seconds. Effective because a MAP up
to 0.693 and a recognition rate up to of 91.1% were achieved re-
sulting in a sixth place (out of 19) in the shape retrieval contest of
3D face scans. The different runs we experimented with, shows
that C-contour curves are more distinctive when matched using the
squared Euclidean distance compared to the squared difference in
Euclidean distance to the nose tip. To increase the retrieval per-
formance of these contour curves in case of facial expressions, our
employed 3D face matching framework can be easily adapted to
match only the samples that belong to a subset of best matching
profile curves. In the future, we will investigate other types of con-
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Figure 2: An arbitrary gesture not recognized using p=100% (left),
but correctly recognized using p=60% (right)

tour sets and the optimal way to match their samples, for the task
of expression invariant face retrieval.
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