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Abstract— In this paper, we present a new statistical model
for human faces. Our approach is built upon a tensor factorisation model that allows controlled estimation, morphing
and transfer of new facial shapes and expressions. We propose
a direct parametrisation and regularisation for person and
expression related terms so that the training database is well
utilised. In contrast to existing works we are the first to reveal
that the expression subspace is star shaped. This stems from the
fact that increasing the strength of an expression approximately
forms a linear trajectory in the expression subspace, and
all these linear trajectories intersect in a single point which
corresponds to the point of no expression or the point of
apathy. After centring our analysis to this point, we then
demonstrate how the dimensionality of the expression subspace
can be further reduced by projection pursuit with the help of
the fourth-order moment tensor. The results show that our
method is able to achieve convincing separation of the person
specific and expression subspaces as well as flexible, natural
modelling of facial expressions for wide variety of human faces.
By the proposed approach, one can morph between different
persons and different expressions even if they do not exist in
the database. In contrast to the state-of-the-art, the morphing
works without causing strong deformations. In the application
of expression classification, the results are also better.

I. INTRODUCTION
The focus of this work lies in the analysis of human
faces represented by annotated, discrete 3D point feature sets,
where the annotated people possess predefined expressions
with varying strength. The variation of these point feature
sets is represented and characterised by a multiway array that
naturally divides the data into shape, person, and expression
modes that can be further decomposed by using conventional
tensor decomposition techniques.
A. Related Work
3D shape modelling based on factorisation is not new. The
first approach was introduced for rigid 3D-reconstruction in
[1] and later generalised to non-rigid shapes in [2]. So-called
morphable models were introduced in [3]. These models use
principle component analysis (PCA) to describe variations
in the data. In [3], for instance, PCA was applied to capture
both the 3D-shape variation, and the texture variation. In
[4] the authors use PCA to compute shape and expression
bases of dense 3D face shapes without texture, whereas an
independent component analysis (ICA) based factorisation
was proposed in [5].
A morphable model, which is able to infer both the
3D-structure and the point-light sources given 2D-images,
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Fig. 1: Illustration of the first 3 dimensions of the expression
space spanned by the rows of U(3) . Each face represents one
of the 25 expressions (neutral and 6 emotions in 4 levels of
strength); each colour represents one of the 7 emotions of the
database: neutral (gray), anger (dark blue), disgust (orange),
fear (yellow), happiness (violet), sadness (green), surprise
(light blue). Apparently, the expression space is an affine
subspace and and it has a special point indicated by the red
face – the point of apathy. Note that there was no expression
corresponding to the point of apathy in the training data and
the neutral expression is not the origin of the expressions.
Each coloured line represents a regression line through the
4 instances of the same expression with varying level of
strength.

was introduced in [6]. Since altering the parameters of a
PCA-based model usually changes multiple shape aspects
simultaneously, in [7], the PCA-directions of a bodyshape
model were remapped to semantically meaningful variations,
which relate to single shape attributes, for instance weight.
A statistical model of a full human body was introduced in
[8], where the kinematic chain of the skeleton was estimated,
given the assignments of vertices to body segments. The
parameters associated with the body shape were separately
learned in a subsequent step. Models which do not require
the assignments of vertices to body segments were proposed
in [9], [10].
Tensor factorisation, to learn sets of person and
expression-related parameters from images, was proposed in

