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The Chamfer matching technique searches for
the best match between two binary images. Geo-
metric transformations are used to distort one im-
age (referred as the candidate image) to another
(the reference image) in order to minimize a given
distance measure between them. These binary im-
ages are often derived from the image edges. Here,
we make use of the shape of the profile only. Profile
authentication can be seen as an easy way to rec-
ognize human faces. Although we cannot expect as
much identification potential from the profile shape
as from other techniques (e.g. fingerprint, speech
or facial analyses), profile recognition can be useful
in the framework of a multi-modal person identifi-
cation as described in [1].

The Chamfer Matching
Algorithm

The first step of the algorithm is to generate a dis-
tance map from the reference profile. This map as-
sociates with each pixel of the reference picture, its
distance from the closest profile pixel. As the true
Euclidian distance is costly to compute, we make
use of a sequential Chamfer distance approzimation
[2]. By superposing the candidate image on this dis-
tance map and by summing up all distances found
along the candidate profile, we get an estimate of
the global distance that stands between them.
Actually, we cannot directly compare the refer-
ence and the candidate profiles together. The can-
didate profile has first to be compensated from the
possible geometric transformations that can affect
a face from one shot to the other, i.e. translations
along x and y axes, scaling factor and rotation in
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the x/y plane. Given a set of values for these pa-
rameters, we then build a compensated profile from
the candidate profile. This compensated profile is
superposed on the reference distance map and a
new global distance is computed. The best match
between the candidate and the reference profiles is
obtained by finding the set of parameters that mini-
mizes this global distance. In other words, it reverts
to minimize a compensation function which in our
case depends on the translation, scale and rotation
variables. This can can be done through any classic
multidimensional minimization. Here we make use
of a Downhill simplex algorithm [3)].

The global matching process is illustrated in fig-
ure 1. First, the candidate profile is projected onto
the reference distance map and a global distance
is computed. By minimizing this distance, the op-
timum compensation parameters are found. Then,
the residual distance between the best compensated
and the reference profiles is used to decide whether
the two profiles belong to the same person or not.

Attention must be paid to the equations describ-
ing the geometric transformations between one pro-
file and the other. In particular, we have to avoid
as much as possible the influence of one parame-
ter to the other(s). For example, by compensating
the profile for rotation, we might have chosen a ro-
tation center — usually the (0;0) coordinate — that
is far from profile center of mass. On a theoreti-
cal viewpoint, it does not matter since every rigid
transformation can be described by a rotation fol-
lowed by a translation whatever the center that has
been set for the rotation. In practice, chosing a
rotation center that is far from the center of mass
of the object to be rotated, induces an additional
(and ofter large) translation of the object that has
to be compensated for. In such a case, the mini-
mization algorithm encounters some problems when
being close to the minimum but still searching for
the best rotation parameter (same problem for the
scale factor). Changing the rotation value will shift
the profile and introduce an additional translation :
then the translation vector previously found to be
correct is not valid anymore. We can solve this
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Figure 1: The Chamfer Matching Process

problem by properly centering the rotation and the
scaling around the center of mass of the profile.

Profile Authentication Results

Four different shots taken from the M2VTS Multi-
modal Face database (37 faces / 5 shots) are used to
perform our tests [4]. Profiles from shots 1/2/3 are
used as a reference while shot 4 provides the candi-
date profiles. Authentication results are computed
by matching each candidate profile with all the ref-
erences of the same subject. The lowest score (i.e.
the lowest Chamfer distance) is kept as the final
score. If the final score is below a given thresh-
old, the matching is accepted, rejected otherwise.
Once the false rejection rate is computed, the can-
didate profiles are then matched with the references
of other subjects in order to compute the false ac-
ceptance rate. As final results, we get an equal error
rate (i.e. when the threshold is such as the false ac-
ceptance rate is equal to the false rejection rate)
of 5.5% when we are able to deal with full profiles,
10.5% when only partial profiles can be used (e.g.
due to the presence of facial or long hair). For a
given false acceptance rate of 1%, recognition rates
are 83% for full profiles and 64% for partial profiles.
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