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h i g h l i g h t s

• A new 3D face recognition algorithm is proposed, developed in Matlab.
• 17 landmarks are automatically extracted relying on facial geometrical properties.
• Geodesic and Euclidean distances, nose volume, and ratios are computed.
• These descriptors are summed in a final score and used to compare faces.
• Recognition rate is 90.29% over a dataset of 244 faces belonging to 38 people.
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a b s t r a c t

In the last decades, several three-dimensional face recognition algorithms have been thought, designed,
and assessed.What theyhave in commoncanbehardly said, as theydiffer in theoretical background, tools,
andmethod. Herewe propose a new3D face recognition algorithm, entirely developed inMatlab R⃝, whose
framework totally comes from differential geometry. First, 17 soft-tissue landmarks are automatically
extracted relying on geometrical properties of facial shape. We made use of derivatives, coefficients of
the fundamental forms, principal, mean, and Gaussian curvatures, and shape and curvedness indexes.
Then, a set of geodesic and Euclidean distances, together with nose volume and ratios between geodesic
and Euclidean distances, has been computed and summed in a final score, used to compare faces. The
highest contribution of this work, we believe, is that its theoretical substratum is differential geometry
with its various descriptors, which is something totally new in the field.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Automated human face recognition (FR) is a non-trivial com-
puter vision problem of considerable practical significance. It
has applications including automated secured access, automatic
surveillance, forensic analysis, fast retrieval of records from
databases in police departments, automatic identification of pa-
tients in hospitals, checking for fraud or identity theft, and hu-
man–computer interaction [1].

The literature on FR is wide and various. We have selected
among the numerous contributions the most significant ones that,
similarly to us, work in 3D with facial landmarks and/or possibly
employ geometrical concepts to the algorithm. Gupta et al. [1] pro-
posed the newAnthroface 3D recognition algorithmafter automat-
ically detecting 10 landmarks through the support of Gaussian and
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mean curvatures. The algorithm compares 123 distances among
a set of Euclidean and geodesic ones, performing significantly bet-
ter than the well-known eigensurfaces, fishersurfaces, and Itera-
tive Closest Point (ICP) algorithms. In many points this method is
close to ours, although our landmarking procedures totally rely on
geometrical background. Zhao et al. [2] used their Statistical Facial
Feature Model (SFAM) to perform facial Action Unit (AU) recog-
nition. The SFAM is a partial 3D face morphable model contain-
ing both global variations in landmark configuration (morphology)
and local ones in terms of texture and shape around each landmark.
19 landmarks were here considered. Similarly to us, the Shape In-
dex proposed by Koenderink and Van Doorn [3] was computed to
describe local surface properties. Also Passalis et al. [4] used the
Shape Index, that, together with Spin Images, was employed to
support automatic landmarking. In particular, in this work a new
3DFRmethod is proposed that uses facial symmetry to handle pose
variations. Then, an Annotated Face Model is registered and fitted
to the scan. The result is a pose-invariant ‘‘geometry image’’. İnan
and Halici [5] proposed a 3D FR approach based on local shape de-
scriptors to discriminate three-dimensional face scans of different
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individuals. Uniformly resampled 3D face data are used to gener-
ate the Shape Index, curvedness, Gaussian andmean curvature val-
ues on each point of the data. Hence, they obtained bi-dimensional
matrices of these descriptors representing three-dimensional ge-
ometry information.

Following Bronstein et al.’s [6–8] idea that different facial ex-
pressions of the same person are isometrics, namely geodesic dis-
tances between facial reference points are equal for all emotional
expressions of the same person, other researchers worked with
geodesic distances as features to be compared between faces to
perform FR. Berretti et al. [9,10] proposed a 3D FR solution in
the presence of expression variations. 3D face models are rep-
resented by identifying the iso-surfaces originated by the set of
points which are at the same geodesic distance from the nose tip.
The iso-geodesics and their relationships are then described by
developing through the modeling technique of three-dimensional
Weighted Walkthroughs (3DWWs) capable to quantitatively rep-
resent spatial relationships between 3D surfaces. Similarly, Feng
et al. [11] presented a 3D face representation and recognition ap-
proach. 3D face is represented by a set of level curves of geodesic
function starting from the nose tip, which is invariant under iso-
metric transformation of the surfaces. Ouji et al. [12] presented
an FR approach based on dimensional surface matching. The pre-
sented matching algorithm relies on ICP that rigidly aligns facial
surfaces and perfectly provides the posture of the presented probe
model. Then, the similarity metric consists in computing geodesic
maps on the overlapped parts of the aligned surfaces. Mpiperis
et al. [13] proposed a geodesic polar parameterization of the facial
surface aimed at 3D FR. Face matching is performed with surface
attributes defined on the geodesic plane. Li and Zhang [14,15] in-
vestigated the use of multiple intrinsic geometric attributes, such
as angles, geodesic distances, and curvatures, for 3D FR. Geodesic
distances, andGaussian andmean curvatures are then employed as
descriptors for faces. Jahanbin et al. [16] introduced a multimodal
framework for FR based on local attributes calculated from range
and portrait image pairs. They applied statistical feature analysis
to 2D and 3D Gabor, and Euclidean and geodesic anthropometric
feature sets to select the most discriminative features while dis-
carding redundancies.

The paper is structured as follows. Section 2 dealswithmethod-
ology: Section 2.1 is the landmarking phase; in Sections 2.2–2.4
geodesic and Euclidean distances between landmarks, and other
extracted features are presented; Sections 2.5 and 2.6 concern
evaluation of geometrical features and final score for matching, re-
spectively. Results are exposed in Section 3. Then, some conclu-
sions are drawn, and, after references, Appendix is added to figure
out the geometrical background of the work.

2. Method

To perform face recognition, we used a different geometrical in-
formation of the face, extracted in correspondence to the position
of automatically extracted landmarks. Landmarks, originally intro-
duced by Farkas [17], are defined as precise locations on biological
forms that hold somedevelopmental, functional, structural, or evo-
lutionary significance [18]. Among the facial features to be com-
pared between faces, geodesic distances are the core ones. Then, in
order to increase the accurateness, we added Euclidean distances,
and, after having obtained nose volume, some ratios between Eu-
clidean and geodesic distances and the behavior of the Shape In-
dex in the pronasal. The entire process has been programmed in
Matlab R⃝.

The correctness of landmark localization process has been
tested by the support of a plastic surgeon, who manually identi-
fied correct landmark positioning. The ‘‘true landmark’’ identifi-
cation has been gained in both visual and contact terms by the

Fig. 1. The whole process of our face recognition algorithm.

surgeon. Once a landmark is found, the surgeon marks it with a
point directly on the person’s face. Afterwards, through texture
mapping [19], overlapping on the 3D model is performed and the
Euclidean distance between the real landmark and the respective
point given by the algorithm is computed.

In Fig. 1 we have summarized the whole process of our FR
algorithm.

2.1. Landmark extraction

The method used for automatic landmarking is explained
in [20]. Considering the morphological features of the face, in
order to extract the landmarks, it was necessary to employ
a refining procedure that first identifies the region, and then
extracts the specific landmarks maximizing or minimizing one
appropriate descriptor. Relying on the different peculiarities of the
different facial regions where the landmarks are located, different
combinations of the first, second and mixed derivatives (Figs. 2
and 3), the Coefficients of the Fundamental Forms E, F ,G, e, f and
g (Figs. 4 and 5), the curvatures K ,H, k1 and k2 (Figs. 6 and 7)
and Shape and Curvedness Indexes S and C (Fig. 8) have been
employed as descriptors. Figs. 2–8 represent these descriptors
applied point-by-point to facial shells. The meaning of these
geometrical descriptors is reported in Appendix.

The accurateness of the method explained in [20] has been
enhanced and eight other landmarks were added, reaching a total
of 17 landmarks extracted (Fig. 9): the pronasal (PN), the subnasal
(SN), the two alae (ALA), the two endocanthions (EN), the two
exocanthions (EX), the nasion (N), the two inner eyebrows (IE), the
two outer eyebrows (OE), the two chelions (CH), the labrum superior
(LS) and the labrum inferior (LI).

Similar procedures have been employed to extract these
new landmarks. For length reasons, we do not report here the
whole procedure, but, in order to evaluate the accurateness of
our method, we computed the distance between the landmark
localized with our algorithm and the correct landmark position.
In Table 1 the mean error distance and its standard deviation are
shown for each landmark, the unit of measure is the millimeter.

To obtain mean errors and standard deviations, we used only
a subset of our dataset, considering only the scans of 5 people,
in total 35 scans (for each person we considered 7 different facial
expressions).
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