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1
Introduction

Humans have an innate ability to display and comprehend facial expressions. For instance,
newborns can discriminate and imitate expressions of surprise, fear, and sadness, shortly af-
ter birth [51]. Furthermore, they naturally express discomfort (i.e. pain and hunger) and their
taste preferences with reflex facial responses [61, 42, 145]. Facial behavior of newborns not only
expresses vital needs, but it also acts as a means of social interaction. Expressions build a bridge
of common understanding between the mother and baby in the absence of language. Moreover,
certain inborn emotions are displayed by specific facial expressions [32, 39, 76].

As a consequence of the expression of the inner soul, facial expressions have been used by artists
to reflect inner feelings and emotions. “Tronie” (“facial expression” in Dutch), is a specialized
type of face/head painting in the Dutch Golden Age of Painting. It may be considered a good
example of the conformity between feelings and facial expressions. In such painting, characters
or emotional states are represented by facial expressions. Unlike portraits, which depict the
identity of subjects, tronies are paintings of anonymous people from many walks of life, shown
in Fig. 1.1. Even though these painting are well-detailed representations of facial behavior, they
are largely static. In contrast, Leonardo da Vinci aimed to show a dynamic facial expression in
a single image. Hence, Mona Lisa’s expression has had a unique influence on the perception of
art. Her facial expression seems like a smile at the first sight. However, it will change depending
on how it is viewed (see Fig. 1.2). In [94], it is argued that her smile is mostly drawn in low
spatial frequencies, thus based on the peripheral vision, the smile disappears when focusing on
the mouth. Alternatively, in [83], the random noise in the human visual system is claimed to
cause the changing nature of her expression. Nevertheless, da Vinci intentionally created such a
delusion in human vision, using his detailed knowledge of anatomy and light. In his notebook,
da Vinci indicated the desire to paint dynamic expressions since that was what he saw in the
streets.

As da Vinci’s observation suggests, a key property of the face is its active behavior. Individ-
ual and combined contractions of several muscles, and resulting surface deformations continu-
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Figure 1.1: Tronie samples: (a) “The Gipsy Girl” by Frans Hals, (b) “Laughing Man” by Rembrandt,
and (c) “Girl with a Pearl Earring” by Vermeer.

Figure 1.2: “Mona Lisa” by Leonardo da Vinci.

ously alter the facial appearance. Such a dynamic display explicitly indicates the importance
of temporal information in the representation and the analysis of facial expressions. For in-
stance, subtle changes in face cannot be fully exposed by static images. Thus, temporal evalua-
tion and dynamic measurements are required. Similarly, findings of psychology studies demon-
strate that the perception of subtle expressions is significantly enhanced by taking the dynamics
into account [8, 85]. Not only the appearance of facial deformations characterize the expres-
sions, but also the dynamics of the movements. As the focus of expression analysis has shifted
from static images to temporal data, and from acted facial activity to naturally occurring be-
havior [150, 111, 138, 97], recent studies have started to investigate dynamic aspects of facial
actions [150, 132, 157, 33, 121]. These studies shed light on the importance of facial dynamics.

This thesis aims to analyze the expression dynamics for improved face analysis. Such dynamics
may be defined based on appearance or based on movements. Change in appearance captures the



3

temporal aspects of facial deformation. Alternatively, movement dynamics are defined as timing,
amplitude, or speed of the facial landmark displacements. In both cases, accurate detection of
landmark points is a vital step for reliable facial tracking. To this end, our first research question
deals with the reliability of automatic landmarking for face analysis:

• How do we localize facial landmarks in an accurate and robust way?

This question is addressed in Chapter 2. We approach the problem with a coarse-to-fine strategy
that reduces the computational complexity and makes the method resilient to resolution changes.
To allow for a probabilistic interpretation, the appearance of each landmark is modeled using
Gabor wavelet features. However, since the visual information may be misleading, modeling
the neighborhood appearance of points is not sufficient to detect accurate facial landmarks. Poor
illumination conditions may cause confusion between the corners of eyes and the corners of lip.
Hence, a structural prior integrates facial morphology in the search.

Accurate landmark detection and tracking may lead to a more reliable analysis of facial dynamics.
With the help of machine learning techniques, dynamic patterns reveal the information hidden
behind expressions. Previous findings in the literature have shown that the dynamics of lip
corner and eyebrow movements describe the difference between spontaneous and posed facial
behavior [25, 157, 133]. These findings bring out a new research question:

• Can we detect expression spontaneity using the dynamics of different facial regions?

This question is discussed in Chapter 3. Facial dynamics have been used to distinguish between
spontaneous and posed expressions [25, 157]. These studies have analyzed the dynamics of
lip corner or eyebrow movements. For a better understanding of dynamic patterns, different
facial regions should be investigated in a more detailed way. To this end, movements of eyelids,
lip corners and cheeks are analyzed. From each of regional movements, a set of features is
extracted to describe dynamic characteristics in terms of amplitude, speed, acceleration and
duration. The reliability of regional dynamics are assessed. And these regional features are
combined to provide a more accurate analysis. To evaluate the proposed method with large
scale experiments, a spontaneous/posed enjoyment smile database has been collected from 400
people.

Findings of Chapter 3 reveal a significant difference in smile dynamics between adults and young
people. To comprehend age effects on facial muscle activity, we have explored the geriatrics liter-
ature. However, we have not managed to find sufficiently detailed descriptions of age effects on
muscle dynamics. This has motivated us to investigate relation between age and facial dynamics:

• Can we estimate human age from smile dynamics?

The research question is addressed in Chapter 4. Except in [71], all studies on automatic age
estimation use static images. And they focus on appearance-based cues, more specifically, the
wrinkles formed on the face due to deformations in the skin tissue and the craniofacial structure.
Alternatively, in [71], Hadid proposes to use spatio-temporal information extracted from talking
faces for age estimation. However, this method did not reach the accuracy of static image-based
approaches. In contrast, we approach the problem of age estimation using movement dynamics
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Figure 1.3: Sample frames from the affect-responsive interaction: (a) While the user shows a neutral face,
baby stays neutral as well, yet (b) a smile from her elicits a smile from the baby.

of smiles. To this end, the discrimination power of regional dynamics is analyzed. The effect of
the expression spontaneity is evaluated. We show that smile dynamics can be used to improve
image-based age estimation.

Since our database includes smiles of a group of people connected with kin relationships, we
proceed to analyze facial dynamics by focusing on possible kinship similarities. This leads to
the research question:

• Can we verify kinship using smile dynamics?

The question is discussed in Chapter 5. Kinship verification from faces is a new research topic
and the previous research is limited to the use of static appearance-based cues. In contrast,
expressions of people may resemble their parents’, even if their faces do not. According to
a study of blind people and their relatives, spontaneous facial expressions are inherited [114].
Hence, we investigate the similarities between kin pairs in terms of movement and appearance
dynamics.

In the topics discussed thus far, we have focused on expression dynamics in an attempt to im-
prove face analysis. There is one more point left to consider. Temporal analysis of facial actions
may allow for a better understanding of the user’s behavior, thus offer a more natural form of
human-computer interaction. The final research question in this thesis will be:

• Can we provide a form of face-to-face affective interaction with computers?

We address this research question in Chapter 6. Where, we design and implement an affect-
responsive system. The system responds dynamically to the user on the basis of his/her af-
fective behavior. The affective behavior is decomposed along the dimensions of valence and
arousal [124]. While valence defines the emotional state, arousal indicates the activity level of
the behavior. The implementation effectively tracks inner facial movements. They are taken as
the quantitative predictors of the valence. To measure the arousal level, optical flow features
are extracted around the face. The system matches the observed user affect to the content of the
videos. As a prototypical scenario, we consider baby-grandmother interaction, where the system
represents the baby. Videos of the baby are automatically segmented. The affective content of
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these segments is matched with the grandmother’s response. A smile from the grandmother may
elicit a smile from the baby (see Fig. 1.3). During interaction, the system anticipates a level
of activity. Yet if the user cannot display the expected valence or arousal, the required level of
activity is adjusted with respect to the user’s behavior. When the grandmother displays a subtle
smile, the baby may not respond in the beginning of the interaction. After a while however, the
system adapts its activation levels causing the (artificial) baby to start smiling back.

This thesis – from locating accurate facial landmarks to understanding of facial signals, and en-
abling dynamic adaptation in affective interaction – focuses on temporal information to improve
automatic face analysis. Findings of this thesis may lead to a better understanding of facial
dynamics. In the end, we hope to achieve a more natural human-computer interaction.


