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Abstract. This paper presents a method for the representation of mood
in FACS-based facial expressions. To achieve this, a mapping of FACS
Action Units (AUs) into the Pleasure-Arousal-Dominance (PAD) space
is done. The PAD space is used as our mood model. From this mapping
a set of rules are obtained, which compute the activation areas and in-
tensities of each AU in the PAD. To validate these rules, we conducted
an experiment, shedding light on the AUs combinations that result in
recognizable expressions of certain mood.
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1 Introduction

Non-verbal expressions of affect can be performed using voice, gestures, body
positions, and above all, facial expressions.

The main focus of this work are facial expressions because they are one of the
richer and more accurate ways of expressing affect [1]. Emotions in particular
have been extensively studied in facial expressions. However, how mood can be
represented in the face is still in it early stages.

According to Sedikides [2], mood states are defined as “frequent, relatively
long and pervasive, but typically milder in intensity than emotions”. Thus the
main difference between emotions and moods is the temporal nature of the latter.

But when it comes to facial expressions, Faigin [4] sets the question: “to what
extent are day-to-day moods visible on the face?”. And moreover, how can be
day-to-day moods represented on the face?

To answer these questions, we establish a correspondence between Facial
Action Coding System (FACS) Action Units (AUs) [5] and a mood model, so
it would be possible to know which set of AUs would describe moods. The
mood model we have selected is the Pleasure-Arousal-Dominance model (PAD),
proposed by Albert Mehrabian [6], which categorizes mood in eight octants:
Exuberant, Bored, Disdainful, Dependent, Docile, Hostile, Anxious and Relaxed.

In the following we present a review of previous works on mood. Then, we
explain the methodology to obtain a mapping between AUs and moods; and
finally, we show the results of the experiment to validate the former mapping.
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2 Previous Works

The extensive research on mood in the field of Psychology and the use of the
PAD model in more computational, or artistic applications have resulted in a
number of interesting works, which will be briefly referenced in this section.

An early example of the use of the PAD model is the work of Payne et al. [7].
They used the PAD as theory for mood representation in order to investigate
the impact of leisure on mood that is produced by watching movies. In a more
artistic field, “Ada: Intelligent Space exhibit” [8] was an “artificial organism,
integrating a large number of sensory modalities”. It perceived its environment
and behaved coherently to achieve a set of behavioral goals. Whilst emotions
in Ada were thought as categories (joy, surprise, sadness and anger), mood was
expressed in terms of pleasure and arousal.

In the field of affective computing, especially for the generation and represen-
tation of affect in virtual characters there is an important number of works that
have used the PAD model for mood simulation. Some examples are the works of
Gebhard [9], Burkitt and Romano [10], Peña et al. [11], Santos et al. [12], Kasap
et al. [13], Ben Moussa and Thalmann [14], and Courgeon et al. [15].

Various reasons can be attributed to the use of the PAD model for depiction
of mood. For instance, Peña et al. [11] find it suitable for the representation
of emotions at specific instants, and of emotional states (moods) as the emo-
tional data collected over time. They used the PAD model because it shows the
tendency of the emotional states when the emotional stimuli are weak or nonex-
istent; and the aggregation of emotions that change the emotional state (mood)
of a person. Another property of the PAD model is that it integrates in a same
framework the semantics of affective behavior together with temporal proper-
ties. The “emotional states” defined by Mehrabian are the transitory conditions
of the organism (e.g. feeling alert vs. tired, happy vs. unhappy), which comply
with the temporal characteristic associated with mood.

3 Action Units and the PAD Space

The Facial Action Coding System (FACS) [5] is a well known method introduced
by Paul Ekman, Wallace V. Friesen, and Joseph C. Hager to measure facial
behavior and to systematically categorize facial expressions.

The PAD Model is a framework for the definition and measurement of emo-
tional states, emotional traits, and personality traits in terms of three nearly
orthogonal dimensions: Pleasure (P), Arousal (A), and Dominance (D) [6].

The dimension Pleasure-displeasure distinguishes positive affective states
from negative ones. Arousal-nonarousal is defined as a combination of mental
alertness and physical activity. Dominance-submissiveness is defined in terms of
control versus lack of control over events, one’s surroundings, or other people.

From the intersection of the Pleasure, Arousal and Dominance axis eight
octants can be derived, representing mood categories: Exuberant (+P +A +D),
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Bored (-P -A -D), Docile (+P -A -D), Hostile (-P +A +D), Dependent (+P +A
-D), Disdainful (-P -A +D), Relaxed (+P -A +D) and Anxious (-P +A -D).

This section presents an approach to mapping Action Units (AUs) to octants
in the PAD space, with the main objective of describing each of the eight moods
in terms of AUs. This contribution represents a step forward in the representation
of mood through facial expressions.

3.1 Definition of Rules Based on Examples

In a first step, we identified a subset of AUs that could be considered sufficient
to potentially express in a readily recognizable manner a set of facial expres-
sions [16]. These are: AU1 - Inner Brow Raiser, AU2 - Outer Brow Raiser, AU4
- Brow Lowerer, AU5 - Upper Lid Raiser, AU6 - Cheek Raiser, AU10 - Up-
per Lip Raiser, AU12 - Lip Corner Puller, AU14 - Dimpler, AU15 - Lip Corner
Depressor, AU25 - Lips Part, AU26 - Jaw Drop and AU43 - Eye Closure.

In a second step, we considered previous works on mapping emotions into
the PAD space. The mapping of emotions in the dimensions Pleasure, Arousal
and Dominance was initially proposed by Russell and Mehrabian [18], and later
refined in the ALMA model [17]. A part of this mapping is shown in Figure 1.

Fig. 1. Location of example emotions in PD space

We also took into account the AUs analysis of facial expressions of emotions
to formulate the rules to map each AU into a region, or regions of the PAD space.
The AUs analysis was based on annotated examples provided by the Facial
Expression Repertoire (FER) [19]. It is an on-line database developed by the
Filmakademie Baden-Württemberg that maps over 150 emotional expressions,
both static and dynamic to FACS, and explains in detail which AUs are activated
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in each of them. The main reason for the use of FER is that it provides a greater
number of facial expressions that, to the best of our knowledge, have not been
yet annotated by any other existent database. Figure 2 presents graphically all
the elements taken into account for the AUs-PAD mapping.

Fig. 2. Facial expressions for AU-based mood modeling

3.2 Mapping AUs into the PAD Space

Given that an emotion is located in a PAD region, and that this emotion has
a set of AUs, we need to find the correspondence between this PAD region and
this set of AUs.

The methodology consists in taking the mapping of Emotions-PAD, which
is done in the ALMA model [9] (e.g. sadness is mapped into the Bored octant),
and identify the AUs that describe the movements in a facial expression of the
emotion. This gives us an idea of where the AUs are mainly active. For example,
AU1 is active in fear, which is in the -P -D quadrant. But AU1 is also active in
other emotions in the +P -D quadrant.

The analysis is divided in: AUs in the Pleasure-Dominance (PD) space and
AUs in the Arousal (A) space. It takes into consideration: (a) the values of
P,A,D for each emotion (e.g. sadness: P = −0.5, A = −0.42, D = −0.25), (b)
the emotions where the AU is activated and (c) the regions PD or A where those
emotions are mapped according to the list in [9]. Then we can depict for each
AU a function dependent on the PD or A dimension, which represents the area
where the AU is active.

The reasons for this division in PD and A are that it facilitates the analysis
of the dimensions where the AUs could be activated, and there are AUs that can
be easily associated with arousal (e.g. opening of the mouth or the eyes).

– AU1 - Inner Brow Raiser. It is activated in sadness, which is associated
to low pleasure and low dominance (-P-D) [19] [20]. We use the values of
sadness (p = −0.5, d = −0.25) to formulate a linear function that returns
the area in the -P-D where AU1 is activated, see Equation 1.
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AU1intensity =

{
(−4.0)d if d ∈ (−0.25, 0.0]

1.0 if d ∈ [−1.0,−0.25]
(1)

AU1 is also found in +P-D in emotions like liking and relief (relief happiness
in FER). Using the values of relief (p = 0.2, d = −0.4), we formulated
Equation 2, which is similar to Equation 1, but with an offset of −0.4 because
relief is the point where AU1 begins to change from -P to +P.

AU1intensity =


0.0 if d ∈ [−0.4, 0.0)

(−4.0)(d + 0.4) if d ∈ (−0.65,−0.4)

1.0 if d ∈ [−1.0,−0.65]

(2)

– AU2 - Outer Brow Raiser. It is activated in sadness and fear, which are in
the -P-D quadrant. Using the P and D values of both emotions, we obtained
a progression beginning at the location of sadness (p = −0.5, d = −0.25)
and ending in fear (p = −0.65, d = −0.45), see Equation 3. This AU is also
found in +P-D, thus we used the same analysis as for AU1, see Equation 4.

AU2intensity =


0.0 d ∈ (−0.25, 0.0] ∧ p ∈ [−1.0, 0.0)

(−4.0)d d ∈ (−0.45,−0.25] ∧ p ∈ [−1.0, 0.0)

1.0 d ∈ [−1.0,−0.45) ∧ p ∈ [−1.0, 0.0)

(3)

AU2intensity =


0.0; d ∈ [−0.4, 0.0] ∧ p ∈ (0.0, 1.0]

(−4.0)(d + 0.4); d ∈ (−0.65,−0.4) ∧ p ∈ (0.0, 1.0]

1.0; d ∈ [−1.0,−0.65] ∧ p ∈ (0.0, 1.0]

(4)

– AU4 - Brow Lowerer. It is found in the -P+D and -P+D dimensions. To
map this AU in -P+D we use anger (p = −0.5 and d = 0.25). In FER the
expressions considered were: enraged (compressed lips) and sternness, which
have about the same dominance value in the -P. Equation 5 depicts the area
where AU4 is activated. For the -P-D quadrant we use sadness (p = −0.5
and d = −0.25), resulting in Equation 6.

AU4intensity =


(4d)(−2p) if P ∈ (−0.5, 0.0] ∧D ∈ (0.0, 0.25)

(−2.0)p if P ∈ (−0.5, 0.0] ∧D ∈ [0.25, 1.0]

(4.0)d if P ∈ [−1.0,−0.5] ∧D ∈ (0.0, 0.25)

1.0 if P ∈ [−1.0,−0.5] ∧D ∈ [0.25, 1.0]

(5)

AU4intensity =


(−4d)(−2p) if p ∈ (−0.5, 0.0] ∧ d ∈ (−0.25, 0.0]

(−2.0)p if p ∈ (−0.5, 0.0] ∧ d ∈ (−1.0,−0.25]

(−4.0)d if p ∈ [−1.0,−0.5] ∧ d ∈ (−0.25, 0.0]

1.0 if p ∈ [−1.0,−0.5] ∧ d ∈ [−1.0,−0.25]

(6)
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– AU6 - Cheek Raiser. It is activated in displays of genuine positive emo-
tions. To find the area of activation in +P-D, we used liking (p = 0.4 and
d = −0.24). For +P+D we used joy (p = 0.5 and d = 0.25) and satisfaction
(p = 0.5 and d = 0.47), see Equation 7.

AU6intensity =


(2.0)(d + 0.25) if d ∈ (−0.25, 0.25)

(4.0)(0.5− d) if d ∈ [0.25, 0.5)

1.0 if d ∈ [0.5, 1.0]

(7)

– AU10 - Upper Lip Raiser. It is activated in -P+D, since it is a key
feature of contempt. Similar emotions are disdain or arrogance. To compute
its intensity we used arrogance (p = 0.0 and d = 0.5). Equation 8 computes
the area of activation of AU10.

AU10intensity =

{
(2.0)(d− 0.5) if 0.5 ≥ d ≤ 1.0

0.0 if 0.0 ≥ d ≤ 0.5
(8)

– AU12 - Lip Corner Puller. It is also activated in positive emotions like joy,
along the dominance dimension. In the +P-D space, FER expressions that
can be associated are qualifier smile, the coy smile and the embarrassment
smile. In +P+D, we find it in joy and its many variants. Equation 9 computes
the activation area of AU12.

AU12intensity =


0.0; p ∈ [−1.0, 0.0)

(2.0)p; p ∈ [0.0, 0.5)

1.0; p ∈ [0.5, 1.0]

(9)

– AU14 - Dimpler. It appears in the smiling mouth as a key feature of posi-
tive Pleasure. In FER it is activated in enjoyable contempt. Therefore, it is
activated in +P+D, see Equation 10.

AU14intensity =

{
2(0.5− p)2(d− 0.5); p ∈ [0.0, 0.5) ∧ d ∈ (0.5, 1.0]

0.0; else
(10)

– AU15 - Lip Corner Depressor. It is found in sadness, fear and anger.
Therefore, AU15 is mapped into the -P dimension along the Dominance
axis. Using the P and D values of sadness, we obtained Equation 11.

AU15intensity =


0.0; p ∈ (0.0, 1.0]

(−2.0)p; p ∈ (−0.5, 0.0]

1.0; p ∈ [−1.0,−0.5]

(11)

– AU5 - Upper Lid Raiser. It is found in emotions with high arousal such
as fear (a = 0.6), terror (a = 0.82) or worry (a = 0.14). That is why
we considered only the positive Arousal dimension (+A) to locate AU5.
Equation 12 depicts a progression that begins at worry and ends terror.
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AU5intensity =


0.0; a ∈ [−1.0, 0.1]
a−0.1
0.7 ; a ∈ (0.1, 0.8)

1.0; a ∈ [0.8, 1.0]

(12)

– AU25 - Lips Part. According to FER, it is found in emotions like rage,
surprise, disgust, or in “confused” expression. We use confusion (a = 0.27)
and rage with a = 0.72 to map it into the +A dimension, see Equation 13.

AU25intensity =


0.0; a ∈ [0.0, 0.3]
a−0.3
0.4 ; a ∈ (0.3, 0.7)

1.0; a ∈ [0.7, 1.0]

(13)

– AU26 - Jaw Drop. It is found in surprise, fear or disgust, among other
FER expressions like uproarious laughter and yawning. We use the values of
fear (a = 0.6) and disgust, (a = 0.35) to compute a progression beginning in
disgust, and ending in fear. See Equation 14.

AU26intensity =


0.0; a ∈ [0.0, 0.35]
a−0.35
0.25 ; a ∈ (0.35, 0.6)

1.0; a ∈ [0.6, 1.0]

(14)

– AU43 - Eye Closure. It is activated in emotions or states like tiredness,
disdain or relief happiness. To compute the area where AU43 is activated
we use fatigued (a = −0.57), see Equation 15.

AU43intensity =


0.0; a ∈ [0.0, 1.0]

a
−0.6 ; a ∈ (−0.6, 0.0)

1.0; a ∈ [−0.6,−1.0]

(15)

As a result, we obtained a general mapping of AUs into regions of the PAD
space. Nevertheless, a refinement and validation of these associations was carried
on through a perceptual experiment that is explained in the following section.

4 Experimental Validation

We performed a perceptual evaluation with the intention of constraining the
number of AUs, regarding the ones that were more representative of each mood.

Our hypothesis was to prove that all moods have associated expressions,
which are described by the AUs activated in their corresponding PAD dimension.

The first step was to generate 33 = 27 images of expressions corresponding to
the combinations of {low, medium, high} ∪ {pleasure, arousal and dominance},
for each of the 8 moods. This gave a total of 216 images that were randomly
evaluated. The virtual character used to generate the expressions was Alfred,
from the Game Engine of the University of Augsburg [21] and a set of the
evaluated expressions is shown in Figure 3.
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Fig. 3. Facial expressions in the mood quadrants of the PAD Space. Upper row: Anx-
ious, Bored, Dependent, Disdainful. Lower row: Docile, Exuberant, Hostile, Relaxed

A total of 109 subjects (59 male and 50 female) between 19 and 55 years
old (mean = 29,2; SD = 7,1) took part on survey. To assess the images we used
the Self-Assessment Manikin (SAM) questionnaire [22], which is a non-verbal,
graphic representation of each of the three dimensions (P, A, D). It directly
assesses the pleasure, arousal and dominance associated to an object or event.

The experimental stimuli consisted of 18 static images, randomly selected
from the pool of 216 images. Each subject rated each of these 18 images using
SAM, based on a 5-item Likert Scale, where 1 corresponded to the minimum
value of the dimension and 5 to the maximum. For analysis purposes, this scale
was normalized between -1 and 1. The questions were of the form: (1) How is
Alfred feeling? (SAM items for pleasure). (2) How energetic seems Alfred? (SAM
items for arousal). (3) How dominant is Alfred? (SAM items for dominance).

When analyzing the results, we observed that each image was evaluated in
average 10 times. Then, for each mood we computed the average recognition
rate (mean value) of all its 27 images. Table 1 contains the mean values and
standard deviations of the identification of mood in the expressions.

Table 1. Mean analysis of recognition of mood in facial expressions

Mood Pleasure Arousal Dominance

Mean SD Mean SD Mean SD

Anxious -P+A-D -0.5 0.43 0.0 0.57 -0.3 0.61

Bored -P-A-D -0.4 0,50 -0,5 0,50 -0,5 0,50

Dependent +P+A-D 0.5 0.37 0.3 0.44 0.3 0.48

Disdainful -P-A+D -0.4 0.45 -0.1 0.61 -0.1 0.61

Docile +P-A-D 0.5 0.31 -0.1 0.49 0.0 0.56

Exuberant +P+A+D 0.4 0.44 0.4 0.44 0.4 0.48

Hostile -P+A+D -0.5 0.44 0.4 0.54 0.2 0.62

Relaxed +P-A+D 0.4 0.35 -0.2 0.52 0.1 0.52
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The former results showed that not all the expressions for each mood were
associated as such. However, we used this fact to constrain the set of expressions,
and hence the set of AUs. The resultant set were indeed the expressions recog-
nized with the P, A and D values of the mood they described. Table 2 presents
the AUs, which allowed us to generate the mood facial expressions.

Table 2. AUs describing expressions of mood

Mood (AUs)

Exuberant AU6, AU5, AU12, AU25, AU26

Bored AU1, AU2, AU4, AU15, AU43

Docile AU1, AU2, AU12, AU43

Hostile AU4, AU10, AU5, AU15, AU25, AU26

Anxious AU1, AU2, AU4, AU5, AU15, AU25, AU26

Relaxed AU6, AU12, AU43

Dependent AU1, AU2, AU5, AU12, AU25, AU26

Disdainful AU4, AU15, AU43

5 Discussion

After the analysis of the results, we found that the expressions associated with
a mood are indeed described by the AUs in the octant of that mood. Regarding
the easiness of recognition, the results concluded that:
- Pleasure was correctly identified in the majority of the cases, except when P
value was close to zero. It is the dimension that gives meaning to the expression.
- Arousal was also correctly identified in most of the cases, except when A was
negative and most of the subjects did not know how to assess it.
- Dominance presented most of the perception problems. Subjects were not sure
how to measure it or what to take into consideration to do it.

These results showed that pleasure and arousal are dimensions that can be
represented in the expression, while dominance is a dimension that is manifested
during interaction. Therefore, it was difficult to assess from an static image.
Nevertheless, the use of SAM icons helped considerably to successfully perform
the questionnaire, facilitating the understanding of the questionnaire.
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