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Abstract

Facial ageing analysis based on 4D data (3D plus time) is much more robust to pose changes and illumination variations than using
2D image and video. The purpose of this investigation was to measure the effects of age and gender related facial changes using
dynamic 3D facial scans. Experiments were carried out on the subjects, who were divided into two groups by age (15-30 years
and 31-60 years). Each group was further subdivided by gender. 3D scans of the subjects were processed to extract facial features
which were tracked through the duration of the data capture. Subsequently, a set of dynamic features were computed from these
facial features, as well as static features for comparison. Two-way multivariate analysis of variance (MANOVA) of these features
demonstrated that statistically significant age and gender related differences could be detected. We show that 3D facial dynamics
provide more useful information than static features for the characterisation of smiles.
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1. Introduction

The human face conveys important information related to personal characteristics, including identity, gender, eth-
nicity and age. Age can play an important role in many applications such as age estimation in crime investigation,
age-adaptive targeted marketing, age-invariant person identification' and is also the main risk factor for many com-
plex diseases?. As facial ageing is one of the most prominent and accessible phenotypes of human ageing, it is
important for assessing the risks of age-related diseases and for designing individualised treatments®. Ageing is an
inevitable process that leads to many soft tissues changes, and this process particularly affects the lips, causing many
changes such as thinning, and an increase in length*>. Since the ageing process can change the characteristics of the
smile, it is critical to acquire knowledge of age-related facial changes to inform the above applications. Automatic
classification of faces into different categories based on gender, identity, age, ethnicity, facial expression and other
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face characteristics, is an essential element of facial analysis. Although there has been a great deal of progress in
face analysis in the last few years, many problems remain unsolved. The design of algorithms that are effective in
discriminating between males and females, or classifying faces into different age categories is still a major area of
research®. Moreover, research on analysis of facial dynamics encounters many challenging problems, especially in
the context of ageing.

However, gender differences in age-related change in the 3D dynamics of smile have been, to date, unexplored.
A lack of suitable datasets in particular proving to be the limiting factor. To address this issue we have performed a
study using 3D videos of closed mouth smiles for 80 subjects to determine whether ageing affects smile expressions.
We have investigated and shown that the lips becoming less elastic and mobile with increased age is a factor, and we
investigated whether gender played a role in the smile dynamics.

2. Related Work

In recent years, researchers have attempted to quantify facial ageing effects through various strategies. Ageing
has been considered as the fourth dimension’”8. The human face undergoes many skeletal and soft tissue cellular
changes, due to age progression which consequently affects its functional behaviour *!°. Studies have shown that
lips become less elastic and less mobile with ageing !''2. Oral structures such as teeth and periodontium also change
with age. Due to these changes the smile can be affected. Moreover, facial movements differ between the genders,
especially in adulthood 3. Recent psychological studies show that men and women have different smile behaviour 4.
However, in many studies on smile aesthetics, these results were not statistically tested'>!6. Geld !* and Desai et al '°
recently studied age related changes in smiles using videos. In this work, gender differences in age related changes in
smiles were not explicitly identified. Due to the lack of information concerning gender and age differences, Chetan et
al.'” proposed a cross-sectional study to determine the trends and patterns between the different ages groups, and to
determine if gender plays an important role. The findings from this study were:

* There is a difference between male and female smiles, and smiles also change with age.
* As individuals age, there is a loss of muscle tone which leads to a reduction in the height of smiles.
* During a smile, females exhibit greater horizontal movement and males exhibit greater vertical movement.

Facial dynamics yields further information allowing for more detailed analysis. This allows for greater discrimination
across larger age differences. In the last decade, dynamic features of smiles (such as duration, speed, and amplitude
of smiles) have received attention as opposed to morphometric cues to discriminate smiles. Cohn et al.'® analysed
correlations between lip-corner displacements, head rotations, and eye motion during spontaneous smiles. In another
study, Cohn and Schmidt '’ reported that spontaneous smiles have a smaller onset amplitude of lip corner movement,
but a more stable relation between amplitude and duration. Furthermore, the maximum speed of the smile onset is
higher in posed samples, and posed eyebrow raises have higher maximum speed and larger amplitude, but have shorter
duration than spontaneous ones. Linear discriminant classifier were proposed to distinguish between spontaneous
and deliberate enjoyment smiles using duration, amplitude, and duration amplitude measures of smile onsets. They
analysed the significance of the proposed features and showed that the amplitude of the lip corner movement is a
strong linear function of duration in spontaneous smiles, but not in deliberate ones.

Krumhuber et al. 202! studied the effects of dynamic attributes of smiles in human and synthetic faces, and whether
facial dynamics tell us something about the genuineness of an emotion. The findings demonstrate that the participants
who showed an authentic smile were perceived as more likeable, attractive and trustworthy than those who showed a
fake smile or a neutral expression.

Recently, Dibekliolu et al.?? proposed a method to use facial expression dynamics, and produced a database to
explore the effect of dynamic features for age estimation. In another study the dynamic features are used for age
estimation using a person’s smile and it was shown that the facial expression dynamics with appearance information
are much more reliable for group classification tasks. Furthermore, experiments were carried out on disgust expression
to evaluate the effectiveness of the proposed method in this study on a different expression and the results significantly
improve the age estimation accuracy?’. In addition, Dibekliolu et al.>*?> proposed using the dynamics of eyelid,
cheek, and lip corner movements to distinguish between spontaneous and posed smiles, where distance-based and
angular features are defined in terms of changes in eye aperture.
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