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Abstract

Facial action provides various types of messages for hu-
man communications. Recognizing spontaneous facial ac-
tions, however, is very challenging due to subtle facial de-
formation, frequent head movements, and ambiguous and
uncertain facial motion measurements. As a result, current
research in facial action recognition is limited to posed fa-
cial actions and often in frontal view.

Spontaneous facial action is characterized by rigid head
movements and nonrigid facial muscular movements. More
importantly, it is the spatiotemporal interactions among the
rigid and nonrigid facial motions that produce a meaningful
and natural facial display. Recognizing this fact, we intro-
duce a probabilistic facial action model based on a dynamic
Bayesian network (DBN) to simultaneously and coherently
capture rigid and nonrigid facial motions, their spatiotem-
poral dependencies, and their image measurements. Ad-
vanced machine learning methods are introduced to learn
the probabilistic facial action model based on both training
data and prior knowledge. Facial action recognition is ac-
complished through probabilistic inference by systemically
integrating measurements of facial motions with the facial
action model. Experiments show that the proposed system
yields significant improvements in recognizing spontaneous
facial actions.

1. Introduction
Facial action is one of the most important sources of

information for understanding emotional state and inten-

tion [14]. Spontaneous facial action consists of rigid mo-

tion, nonrigid motion, and their spatiotemporal interactions.

Rigid motion characterizes the overall 3D head pose. Non-

rigid motion characterizes the local facial muscular move-

ment and can be described by 44 facial action units (AUs)

based on the Facial Action Coding System (FACS) [8]. Au-

tomatically recognizing spontaneous facial action has ap-

plications in human behavior analysis, human-computer in-

teraction, psychiatry, etc. However, due to the low intensity,

nonadditive effect, and individual difference of spontaneous

facial action as well as the image uncertainty, it is not accu-

rate and reliable to recognize facial action through measur-

ing some local aspects of facial motion individually. Hence,

understanding spontaneous facial action requires not only

improving facial motion measurements, but more impor-

tantly, exploiting the spatiotemporal interactions among fa-

cial motions since it is these interactions that produce a

“synchronized, smooth, symmetrical, and consistent” [14]

facial display. By explicitly modeling and using these inher-

ent relationships, we can improve facial action recognition

performance by compensating erroneous or missing facial

motion measurements.

2. Related Work

Over the past fifteen years, there has been extensive re-

search in computer vision on recognizing facial actions. De-

tailed surveys of previous work can be found in [15, 20, 14].

However, most of the previous approaches recognize facial

action from posed facial displays. They are of limited prac-

tical use since only spontaneous facial display can reflect

the “true” emotion [19]. Technically, current techniques

have the following limitations.

First, they often recognize each AU individually. How-

ever, since spontaneous facial action often produces subtle

facial appearance changes, measuring AUs at low intensity

levels is not accurate and reliable. In addition, for sponta-

neous facial actions, AUs often occur in combination, where

an AU may look different from its appearance when occur-

ring alone. This nonadditive effect makes it more difficult

to recognize AUs individually.

Second, most of them ignore the dynamic properties of

AUs including the self evolution of each AU and the dy-

namic relationships among AUs. However, recent psycho-

logical study [2] shows that the dynamic characteristics are

crucial to interpreting naturalistic human behavior. Valstar

et al. [24] find that spontaneous eyebrow motion can be
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distinguished from posed one by employing the dynamic

properties of the related AUs such as the activating speed,

magnitude, and the occurrence orders of AUs.

Finally, spontaneous facial expressions are often accom-

panied with natural head movements. Understanding spon-

taneous facial action should, therefore, deal with large facial

shape/appearance variations caused by both rigid and non-

rigid facial motions. Although the current methods try to

separate rigid and nonrigid motions either manually [10, 3]

or automatically [5, 19, 25, 9], they generally ignore the in-

teractions between rigid and nonrigid motions, which are

crucial for interpreting spontaneous facial behavior.

In summary, few existing methods consider the spa-

tiotemporal interactions among facial motions. Based on

our previous work [23, 21], this work explicitly models and

learns the semantic and dynamic interactions among rigid

and nonrigid facial motions and uses the model to improve

spontaneous facial action recognition.

3. Facial Action Modeling

3.1. Overview of the Facial Action Model

A spontaneous facial action consists of rigid head mo-

tion, nonrigid facial deformations, and their spatiotemporal

interactions. In the view of facial action analysis from 2D

images, 2D facial shape encodes the information of both

rigid and nonrigid facial motions since it is generated from

three hidden causes: head pose, 3D facial shape, and non-

rigid facial muscular movements. 3D facial shape charac-

terizes an intrinsic property of a subject. Nonrigid facial

muscular movements represented by a set of AUs cause 3D

shape deformation of the facial surface. Head pose pro-

duces the changes in the position and shape of the 2D face

on the projected 2D image. In addition, through various

computer vision techniques, we can obtain measurements

for these hidden causes.

Based on the causal relationships shown in Figure 1a, we

propose to use a Bayesian network (BN) to model the statis-

tical dependencies among rigid motion, nonrigid motions,

and their interactions through the 2D facial shape. Further-

more, the nodes in a BN can be grouped into hidden nodes

and measurement nodes. 3D facial shape denoted by S3D,

facial muscular movements represented by a set of AUs, 3D

head pose denoted by Pose, and 2D facial shape denoted

by S2D are modeled as hidden nodes, and their true states

can be inferred from their measurements through the model.

And so, we associate each hidden node with a measurement

node representing the observation of the corresponding hid-

den node, as shown in Figure 1a.

Given the model, facial action recognition is to find the
optimal states of head pose and AUs by maximizing the
joint probability of pose and AUs given the measurements

as follows:

Pose∗, AU∗=argmax
Pose,AU

p(Pose, AU|Opose,OAU,OS3D ,OS2D ) (1)

where AU is the set of all target AUs; Opose, OAU, OS3D ,

and OS2D denote the measurements of head pose, AUs, 3D

facial shape, and 2D facial shape, respectively. In the next

several sections, we gradually show how the relationships

in Figure 1a can be expanded and enriched.
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Figure 1. (a) A graphical model to represent the causal relation-

ships among elements of a facial action, where the shaded nodes

represent the measurements of the connected hidden nodes. (b)

Facial feature points on a frontal view face: the black dots repre-

sent the local feature points, whereas the white dots represent the

global feature points.

3.2. Modeling the Interactions Between Rigid and
Nonrigid Facial Motions

In this research, the shape of a 3D face can be repre-

sented by a vector of 28 facial feature points, which are lo-

cated around each facial component (e.g., mouth, eye, nose,

and eyebrow), as shown in Figure 1b. Given a 3D face,

the deformation of a 2D facial shape reflects the action of

both head pose and facial muscular movements. Specifi-

cally, head pose and facial muscular movements may affect

different sets of facial feature points. As a result, the facial

feature points are further divided into global feature points,

which are relatively invariant to facial muscular movements,

and local feature points, which are affected by both head

pose and facial muscular movements.

3D

B E M
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N

Figure 2. The head pose and 3D facial shape directly affect the

2D global shape Sg; whereas the 2D global shape Sg controls the

variation of each 2D local facial component shape.

(1) Modeling Rigid Motion with 2D Shape
The 2D global shape denoted by Sg is the projection of

the 3D global feature points on the image plane. There-

fore, the 3D facial shape governs the shape of the 2D global
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shape, whereas the 3D head pose controls both the position

and shape of Sg. This causal dependency can be represented

by a directed link from head pose/3D facial shape to Sg, as

shown in Figure 2.

Furthermore, the 3D local facial shape can be partitioned

into four components: eyebrows, eyes, nose, and mouth.

The corresponding 2D local facial component shape is indi-

rectly affected by the head movement through the 2D global

shape Sg. Given Sg, the center of each 2D local facial

component can be roughly estimated, independent of the

head pose. For example, the center of eye can be deter-

mined, given the eye corners, which are parts of the global

shape. Hence, this causal relationship can be represented by

a directed link from Sg to each 2D local facial component

shape, as shown in Figure 2.

(2) Modeling the Relationships between Nonrigid Mo-
tion and 2D Local Facial Component Shapes

The nonrigid facial muscular movements produce sig-

nificant changes in the 3D shape of the facial component.

These 3D facial muscular movements can be systematically

represented by AUs as defined in [8]. For example, acti-

vating AU27 (mouth stretch) will produce a widely open

mouth; and activating AU4 (brow lowerer) makes the eye-

brows lower and pushed together.

Since the 3D shape of each facial component is deter-

mined by the related AUs, the 2D local facial component

shape is controlled by the AUs, besides rigid head move-

ment. We can model such causal relationship by directly

connecting the related AUs to the corresponding facial com-

ponent. For instance, AU1 (Inner brow raiser), AU2 (Outer

brow raiser), and AU4 (Brow lowerer) control eyebrow

movements, and can be connected to the eyebrow. However,

directly connecting all related AUs to one facial component

would result in too many AU combinations, most of which

rarely occur in the daily life. Thus, only a set of common

AUs or AU combinations is sufficient to control the shape

variations of the facial component. As a result, a set of in-

termediate nodes (i.e., “CB”, “CE”, and “CM ” for eyebrow,

eye, and mouth, respectively) are explicitly introduced to

model the correlations among AUs and to reduce the num-

ber of AU combinations. For example, “CM ” has 8 states,

each of which represents a common AU or AU combination

controlling mouth movement. Figure 3 shows the modeling

of the relationships between nonrigid facial motions (AUs)

and the local facial component shapes.

3.3. Modeling Semantic and Dynamic Relationships
among AUs

So far, we have modeled relationships between rigid

head motion and nonrigid facial motions through the 2D

facial shapes, but have not discussed the modeling of spa-

tial and temporal dependencies among AUs, which are cru-

cial to create a meaningful and natural facial display. Tong
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Figure 3. The relationships between the facial muscular move-

ments (AUs) and the 2D local facial component shapes through

the intermediate nodes (CB , CE , and CM ).

et al [22] demonstrated that there are two important spa-

tial semantic relationships among the AUs: co-occurrence

and mutually exclusive relationships. Furthermore, AUs

also show strong temporal dependencies to represent dif-

ferent naturalistic facial behaviors. Nishio et al. [13] have

shown that when the mouth moves prior to the eye move-

ment, a smile expression is mostly interpreted as a smile of

enjoyment. On the contrary, when the eyes move prior to

the mouth movement, it is mostly interpreted as a miserable

smile.

Generally speaking, there are two types of temporal

dependencies among AUs: intra-dependency and inter-

dependency. Intra-dependency characterizes the self evo-

lution of an AU, while inter-dependency captures temporal

dependencies among different AUs, i.e., an AU will be ac-

tivated following the activation of another AU. For exam-

ple, in a spontaneous smile, AU6 (cheek raiser) is activated

in an average of 0.4 second after the activation of AU12

(lip corner puller) [17]; after both the actions reach their

apexes simultaneously, AU6 is relaxed before AU12 is re-

leased. Furthermore, due to the variability among individu-

als and different contexts, the dynamic relationships among

AUs are stochastic. Therefore, systemically capturing the

spatiotemporal dependencies among AUs and incorporat-

ing them into facial action recognition process is especially

important for spontaneous facial behaviors.

3.3.1 A DBN for Modeling Semantic and Dynamic De-
pendencies among AUs

In this paper, we propose to use a DBN to model and learn

both the spatial and dynamic dependencies among AUs. A

DBN is a directed acyclic graphical model, which models

the spatiotemporal dependencies of a set of random vari-

ables X over time [6]. Let Xt represents a set of random

variables at a discrete time slice t. A DBN is defined as

B = (G, Θ), where G is the model structure, and Θ rep-

resents the model parameters, i.e., the Conditional Proba-

bility Tables (CPTs) for all nodes. There are two assump-

tions in the DBN model: first, we assume that the sys-
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tem is first-order Markovian, i.e., P (Xt+1|X0, · · · , Xt) =

P (Xt+1|Xt); and second, we assume that the transition

probability P (Xt+1|Xt) is the same for all t. Therefore, a

DBN B can be also defined by a pair (B0, B→): (1) the

static network B0 = (G0, Θ0) captures the static distribu-

tion over all variables X0; and (2) the transition network

B→ = (G→, Θ→) specifies P (Xt+1|Xt) for all t in a finite

time slices T + 1.
Given a DBN model, the joint probability over all vari-

ables X0, · · · , XT can be factorized as follows:

P (x0, · · · , xT ) = PB0(x0)

T−1∏

t=0

PB→(xt+1|xt), (2)

where xt represents the sets of values taken by the random
variables Xt, PB0(x0) captures the joint probability of all
variables in B0, and PB→(xt+1|xt) represents the transition
probability and can be decomposed as follows:

PB→(xt+1|xt) =

N∏

i=1

PB→(xt+1
i |pa(Xt+1

i )), (3)

where pa(Xt+1
i ) represents the parent configuration of node

Xt+1
i in the transition network B→, and N represents the

number of random variables in Xt. Hereafter, paj(X) rep-

resents the jth parent configuration of variable X in a given

network.

In this work, B0 is used to capture the spatial dependen-

cies among AUs, while B→ is used to capture and model

the intra-dependency and inter-dependency for AUs in two

adjacent time slices. The intra-dependency is modeled as

an arc linking AUi at time t − 1 (AU t−1
i ) to that at time t

(AU t
i ) and depicts how a single AU develops over time. The

inter-dependency is modeled as an arc from AU t−1
i to AU t

j

and represents the pairwise dynamic dependency between

two different AUs.

3.3.2 Constructing the Initial DBN

In this work, each AU is represented by a binary value [0, 1]

for its presence/absence status. First, we derive an initial

static BN to model the semantic AU relationships based

on the data analysis from a spontaneous facial expression

database in a way similar to [22]. The details of the database

are discussed in Section 6. Second, we also need to con-

struct an initial transition network for modeling the dynamic

dependencies among AUs.
Since the state of an AU at time t depends not only on

its state in previous time slice, but also on the states of other
AUs, P (AU t

j |AU t−1
j , AU t−1

i ) is used to capture the dynamic
relationships between AUi and AUj as well as the dynamic
evolution of AUj itself. For example, the positive depen-
dency between two AUs is computed as follows:

P (AU t
j = 1|AU t−1

j = 1, AU t−1
i = 1) =

N
AUt

j+AUt−1
j +AUt−1

i

N
AUt−1

j +AUt−1
i

,

(4)

where N
AUt−1

j +AUt−1
i

is the total number of the events that

AUj and AUi both are present in the (t − 1)th slice, regard-

less of the presence of other AUs, and N
AUt

j+AUt−1
j +AUt−1

i

is the total number of the events that AUj is present in the

tth slice while AUj and AUi are present in the (t−1)th slice.

The other probabilities are computed similarly.

The initial intra-dependency and inter-dependency

among AUs are partially learned from the spontaneous

facial expression database. If P (AU t
j = 1|AU t−1

j =

0, AU t−1
i = 1) is higher than a predefined threshold Tup or

P (AU t
j = 1|AU t−1

j = 1, AU t−1
i = 0) is lower than a pre-

defined threshold Tbottom, we assume that there is a strong

dynamic dependency between AUi and AUj , which can be

modeled with a link from AU t−1
i to AU t

j in the DBN. In this

way, an initial DBN is manually constructed as in Figure 4a.

3.3.3 Learning DBN Model

Given a set of observed data D, we can refine the initial

DBN model with a structure learning algorithm. As men-

tioned above, a DBN consists of two parts (B0 and B→).

Therefore, we should learn both of them from the training

data. Since learning methods for both parts of the model are

similar, here we only discuss learning the transition model.
The transition network B→ consists of two types of links.

Inter-slice links connect the temporal variables of two ad-
jacent time slices. Intra-slice links connect the variables
within same time slice, and are same as the static network.
To evaluate the fitness of the transition network to the data,
it needs to define a scoring function. The score of the B→ is
defined based on the Bayesian Information Criterion (BIC)
[18] as follows:

ScoreB→ = logP (B→)+
∑

i,j,k

N→
i,j,klogθ̂→

i,j,k− log(M − S)

2
KB→

(5)

where logP (B→) is the log prior probability of B→; the

second term evaluates how well B→ fits the training data;

the third term is a penalty relating to the complexity of the

network. M − S is the total number of pair-wise transitions

between two adjacent slices in the training data; KB→ is the

number of parameters in B→; θ→
i,j,k = P (Xt

i = k|paj(Xt
i ))

represents the model parameter for the node Xt
i at kth state

given its jth parent configuration in B→; and N→
i,j,k accounts

for the number of the instances of transition, where Xt
i is at

its kth state with its jth parent configuration paj(Xt
i ), in

the training data.

Given the definition of a score for B→ as in Eq. (5), we

need to identify a structure of B→ with the highest score by

a searching algorithm subject to some coherent constraints

on B→. First, the variables X0 do not have parents. Second,

the inter-slice links can only from the previous time slice

to current time slice. Finally, both the inter-slice links and

intra-slice links should be repeated for t ∈ [1, T ]. Further-
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Figure 4. (a) The initial DBN and (b) the learned DBN by the proposed algorithm for AU modeling. The self-arrow at each AU node

indicates the intra-dependency. The dashed line with arrow across two time slices indicates the pairwise inter-dependency between different

AUs.

more, since we intend to capture the strong dynamic de-

pendencies among AUs that are true for most people, an

additional constraint is imposed so that each node Xt
i has

at most two parents from the previous time slice. Starting

from the initial B→ as shown in Figure 4a, we then apply a

hill climbing technique [16] to identify the structure of B→.

Compared with the manually constructed initial B→ in

Figure 4a, the learned transition network better reflects the

dynamic relationships among AUs in the training data. For

example, the dynamic link from AU t−1
17 to AU t

24 means that

before the lips are pressed together (AU24), it is most likely

that the chin boss is already moved upward by activating

AU17 (chin raiser). Furthermore, given the scoring function

of the static network, the definition of which is similar to

that of the transition network, learning the static network

is performed similarly as learning the transition network.

Figure 4b shows the learned DBN by the proposed learning

algorithm.

3.4. Modeling Facial Motion Measurements

In the facial action model, head pose, AUs, 3D facial

shape, 2D global facial shape, 2D local facial component

shapes, and the intermediate nodes are hidden nodes. To

acquire the measurements for the hidden nodes except for

the intermediate nodes, we first perform face and eye de-

tection and detect the 28 feature points on neutral face with

frontal view. The measurement of 3D facial shape is ob-

tained by personalizing a trained generic 3D shape model.

Afterward, the measurements of 2D global shape and lo-

cal facial component shapes are obtained by tracking the

28 feature points in each frame. Furthermore, based on the

personalized 3D facial shape and the tracked global feature

points, three face pose angles (i.e., pan, tilt and roll) are es-

timated by using a technique similar to [4]. The continuous

pan angle is further discretized into frontal, left, and right

face pose measurement to model the left-right head rota-

tion. Given the normalized face image, we also extract the

measurement for each AU based on Gabor wavelet-based

feature representation and AdaBoost classification similar

to the work in [3]. To incorporate these measurements into

the facial action model, a node (shaded) is introduced to

represent each measurement. In addition, a link between a

hidden node and its measurement is introduced to model the

measurement accuracy.

4. A Complete Facial Action Model and Its
Parametrization

4.1. A Comprehensive Facial Action Model

Now we have extended and enriched the causal relation-

ships in Figure 1a to a complete DBN model for facial ac-

tion understanding, as shown in Figure 5. Specifically, the

interactions among nonrigid facial muscular movements are

characterized by the static links among AUs in the same

time slice and the temporal links among AUs across consec-

utive time slices. The 2D shape deformations of the facial

components are controlled by both the head pose through

the 2D global shape and the related AUs through the inter-

mediate nodes. In this way, the interactions between head

pose (rigid motion) and the AUs (nonrigid motions) are in-

directly modeled through their relationships with 2D global

and local facial component shapes. Finally, the facial mo-

tion measurements are systematically incorporated into the

model through the shaded nodes. This model, therefore,
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completely characterizes the spatiotemporal dependencies

between rigid and nonrigid facial motions and accounts for

the uncertainties in facial motion measurements.

4.2. Model Learning And Parametrization

Given the model structure shown in Figure 5, we need

to define the states for each node and, then, learn the model

parameters associated with each node. For each node with-

out parents, it is parameterized by its prior probability. For

the continuous node X with discrete/continuous parents, it

is characterized by Conditional Probabilistic Distribution

(CPD) and defined as p(X|pa(X)); whereas for the discrete

node with discrete parents, it is characterized by the CPT

defined as p(X|pa(X)) similar to CPD.

Specifically, head pose is represented by three states:

left, frontal, and right in the proposed system. The prior in-

formation of the pose p(Pose) can be learned from training

data. 3D facial shape S3D is characterized by a continuous

3D shape vector consisting of 28 feature points from neu-

tral faces. 2D global shape Sg is represented by a continuous

shape vector consisting of global feature points, whereas 2D

local shape of the jth facial component is represented by a

continuous shape vector Slj containing the corresponding

local feature points. Each AU has two discrete states repre-

senting the presence/absence state of the AU. The interme-

diate nodes (i.e., CB , CE , and CM ) are discrete nodes, each

state of which represents a specific AU/AU combination re-

lated to a facial component.
Given Pose = k and S3D = s3D, the CPD of Sg can be

defined as follows [12]:

p(Sg =sg|Pose=k, S3D =s3D) = (2π)−
dg
2 |Σgk|− 1

2 (6)

exp(− (sg−Wgk∗s3D−μgk)T Σ−1
gk (sg−Wgk∗s3D−μgk)

2
)

where dg is the dimension of Sg; μgk, Wgk, and Σgk are the

mean shape vector, regression matrix, and covariance ma-

trix, respectively. Based on the conditional independence

in the BN, we can learn μgk, Wgk and Σgk locally from the

training data consisting of Sg, S3D, and head pose.

For each local shape component node (i.e., Eyebrow,

Eye, Nose, and Mouth), its CPD is parameterized as a

Gaussian distribution. Given the training data of each 2D

local shape, Sg, and the related AUs, we can learn its

CPD locally. The CPT p(Ci|pa(Ci)) for each intermedi-

ate node is manually specified based on the data analysis.

The CPD/CPT of each measurement node is learned to re-

flect the measurement accuracy of the computer vision tech-

nique. The CPTs for all the AUs including the static and dy-

namic links among AUs are learned simultaneously in the

local DBN model, as shown in the Figure 4b. Finally, we

learn the transition probability pB→(Xt+1
i |pa(Xt+1

i )) for the

other temporal links of the DBN.

5. Facial Action Inference
Once the measurement nodes are observed, we can

infer the facial action by maximizing the joint probability

of pose and AUs given the measurements. Let Poset and

AU t
1···N represent the nodes for Pose and N target AUs at

time t. Given the available evidence until time t: OS3D ,

O1:t
Pose, O1:t

Sg
, O1:t

Sl1···L
, O1:t

AU1···N for the measurements of

the 3D facial shape, the head pose, the 2D global shape, the

2D local facial component shapes, and the AUs, respec-

tively, where N is the number of target AUs and L is the

number of local facial component shapes, the probability

p(Poset, AU t
1···N |OS3D

, O1:t
Pose, O1:t

Sg
, O1:t

Sl1···L
, O1:t

AU1···N )
can be factorized and computed via the facial action model

by performing the DBN updating process as described

in [11]. Then, the true joint states of Pose and the AUs

are inferred simultaneously over time by maximizing

p(Poset, AU t
1···N |OS3D

, O1:t
Pose, O1:t

Sg
, O1:t

Sl1···L
, O1:t

AU1···N ).
Therefore, the true joint states of head pose and the AUs

can be inferred simultaneously, given the measurements of

the 3D face, head pose, the 2D global shape, the 2D local

shapes, and the AUs through probabilistic inference.

6. Experiments on Spontaneous Facial Action
Recognition

To demonstrate the system robustness for recognizing

spontaneous facial action, the system is trained and tested

on a spontaneous facial expression database, which consists

of image videos collected through three sources: (1) Mul-

tiple Aspects of Discourse research lab at the University of

Memphis [1]; (2) Belfast natural facial expression database

[7]; and (3) videos obtained from the website. In these im-

age sequences, the subjects are displaying various sponta-

neous facial expressions with natural head movements. Fig-

ure 6 shows an image sequence from the Belfast database

[7], where the subject is talking with natural head move-

ment. For this study, all the image sequences are coded into

AUs frame by frame. For each AU, the positive samples are

chosen as the images containing the target AU at different

intensity levels, while the negative samples are defined as

the images without the target AU. For training the 2D facial

shapes, we also manually marked the 28 feature points on

some images in the database.

Figure 6. An example image sequence from Belfast database

where the subject is talking with natural head movement.

Currently, the database contains 74 image sequences
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Figure 5. The DBN for spontaneous facial action understanding. The shaded node indicates the observation for the connected hidden node.
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(j �= i) at time t indicates the dynamic dependency between different AUs.

from 13 subjects, where 63 image sequences are used for

training, and 11 image sequences for testing. In this work,

we intend to recognize 12 target AUs, as shown in Figure

5, which frequently occur in the database. Since we intend

to recognize AUs under varying head pose, the AdaBoost

classifiers are trained on frontal, left, and right face view,

respectively, for each AU. Assuming that face pose varies

smoothly over time, the AdaBoost classifier corresponding

to the face pose estimated in the previous frame is selected

to obtain the AU measurement for the current frame.

Figure 7 shows the average AU recognition performance

on the spontaneous facial expression database of using the

AdaBoost classifiers alone, using the semantic AU model

that focuses on modeling the static relationships among

AUs and self-development of AUs as in [22], and using the

proposed facial action model, respectively. The AdaBoost

classifiers achieve an average false negative rate (the ratio of

the misclassified positive samples to the total positive sam-

ples) of 44% and an average false positive rate (the ratio

of the misclassified negative samples to the total negative

samples) of 8.58% for the 12 target AUs. By employing the

semantic relationships among AUs, the semantic AU model

decreases the average false negative rate to 36.5% and de-

creases the average false positive rate to 6.6%. With the

semantic and dynamic relationships among AUs and the in-

teractions between the rigid and nonrigid motions, the aver-

age false negative rate further decreases to 24.3%, and the

false positive rate decreases to 5.3%.

Compared to the recognition results using the AdaBoost

classifiers, the system performance is greatly improved by

(a)

(b)

Figure 7. AU recognition results on spontaneous facial expression

database: (a) average false negative rates, and (b) average false

positive rates. In each figure, the black bar denotes the result using

the AdaBoost classifier, the grey bar represents the result using the

semantic AU model [22], and the white bar represents the result

using the proposed facial action model.

using the proposed facial action model for some AUs. For

example, the false negative rate of AU23 (lip tighten) de-

creases from 94.4% to 25.9% with a moderate increasing

of false positive rate (from 3.6% to 5.8%); the false neg-

ative rate of AU12 (lip corner puller) decreases from 53%
to 37.8% with a significant drop of false positive rate (from
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32% to 12.8%); and the false negative rate of AU2 (outer

brow raiser) decreases from 26.9% to 16.9% with a decreas-

ing of false positive rate from 6.2% to 3.1%. Furthermore,

since the spontaneous facial action is often accompanied by

natural head movements, only employing the relationships

among AUs are not sufficient to deal with the facial appear-

ance variations due to varying head pose. By incorporating

the relationships between head pose and AUs through the

2D facial shapes, the complete facial action model further

improves the system performance compared to the recog-

nition results by using the semantic AU model [22]. That

demonstrates the effectiveness and importance to model the

interactions among the rigid motion and nonrigid motions

and to model the spatiotemporal relationships among AUs

for understanding spontaneous facial action.

7. Conclusion and Future Work

In this paper, we propose a novel approach for spon-

taneous facial action analysis and understanding. Specifi-

cally, we introduce a probabilistic facial action model based

on a DBN to systematically model rigid and nonrigid facial

motions, their spatiotemporal interactions, and their image

observations. The experiments show that the proposed sys-

tem yields significant improvements for spontaneous facial

action recognition over the method that recognize facial ac-

tion individually and the method that only focus on one as-

pect of facial action. The performance improvements come

mainly from combining the facial action model with the fa-

cial measurements: the erroneous AU measurements can

be compensated by the model’s built-in spatiotemporal rela-

tionships among AUs and the built-in relationships between

rigid and nonrigid motions. The important lesson we can

learn from this work is that for a robust visual interpretation

and understanding, solely improving the computer vision

techniques will not be enough. It is important to capture

the prior knowledge or context in a probabilistic manner

and systematically combine the captured knowledge with

the improved visual measurements to achieve a robust and

accurate visual interpretation.
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