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ABSTRACT 

 
Human face is a display of mental states that reflect the true 
feelings of a person. In this paper, we propose a framework 
for the video analysis of spontaneous facial expressions 
using an automatic facial emotion recognition system. 
Regional Hidden Markov Models (RHMMs) are created to 
describe the states of facial attributes for eyebrows, eyes, 
and mouth regions registered in a video sequence. The 
performance results reported in the paper show that the 
proposed technique outperforms the designated HMM for 
each emotion type [1, 2] tested with the Cohn-Kanade 
database for the person-independent case. More importantly, 
we used the proposed system to infer the mental states of a 
person based on spontaneous facial expressions. Merit of the 
proposed system is validated with human based evaluations. 
 

Index Terms—Automatic facial emotion recognition, 
facial perception, Regional Hidden Markov Model, states of 
face regions, mental states 
 

1. INTRODUCTION 
 
Human facial expressions play significant role in conveying 
a person’s mental states that reflect his internal cognitive 
states [3]. Methods to classify facial expressions are 
generally grouped as static and dynamic ones [4]. Static 
methods, taking advantage of Support Vector Machine, 
Neural Network, Bayesian Network, and others are based on 
the information obtained from a single video frame. 
Dynamic classifiers like Hidden Markov Model (HMM) 
utilize temporal information to analyze facial expressions, 
and are strongly suggested by the psychological experiments 
as reported in [5]. However, most of the prior research 
classify the entire image sequence into one of the expression 
types. In contrast, such a system should be able to classify 
every frame of a sequence highlighting temporal dynamics. 
Moreover, most of the earlier research employed emotion-
specific HMMs for the entire frame to train and test a single 
emotion type [1, 2]. The information describing a facial 
emotion is mainly registered in the movements of facial 
regions [6]. High recognition rates of facial emotions have 
been achieved in existing systems based on the 

benchmarked databases containing posed facial emotions. 
However, the posed facial emotions are not proven yet to 
interpret the true feelings of humans [4]. They are generated 
by asking subjects to perform a series of exaggerated 
expressions that are quite different from spontaneous ones 
[7, 8]. One of the most interesting challenges in the area of 
Human-Computer Interaction (HCI) is how to make 
computers more human-like for intelligent user interfaces. 

In this paper, a Regional Hidden Markov Model 
(RHMM) based facial emotion recognition system is 
proposed. It exploits the spatio-temporal dynamics of the 
facial video sequence by analyzing the movements 
(motions) of three regions eyebrows, eyes, and mouth in a 
frame. It is a marked departure from HMM based earlier 
studies that modeled emotion types for the entire image [1, 
2]. The recent research in psychology field empirically 
revealed that people reliably infer others’ preferences from 
spontaneous facial expressions [9]. To assess the plausibility 
of the proposed system, we compare its performance results 
with the human’s inference of other people’s mental states 
by analyzing the same datasets. 

We propose an automatic facial emotion recognition 
system in Section 2. The experiments based on the Cohn-
Kanade database are presented in Section 3. The 
experiments of inference to the human’s mental states are 
detailed in Section 4. Finally, conclusions are drawn in 
Section 5. 
 

2. SYSTEM DESCRIPTION 
 
2.1. Feature extraction 
 
We define typical states of face regions as shown in Table 1. 
41 facial feature points are identified on each frame of 
video, as displayed in Fig. 1. They are comprised of 10 
salient points on the eyebrows region, 12 points on the 
eyelids, 8 points on the mouth, 10 points on the corners of 
the lips, and one anchor feature point on the nose. The 2D 
coordinates of facial feature points in various face regions 
are extracted to form corresponding observation sequences 
for classification. The facial feature points are tracked using 
a constrained local model [10]. It utilizes a non-parametric 
method to represent the distribution of candidate locations 
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by using an optimization method called constrained mean-
shifts. It outperforms the other methods for deformable 
model fitting [11, 12, 13]. 
 

Table 1. States of Three Face Regions. 
Face Regions Observable States 
Eyebrows raise, fall, neutral 
Eyes open, close, neutral 

Mouth Mouth open, close, neutral 
lips corners up, down, pull, pucker, neutral 

 
2.2. Regional Hidden Markov Model 
 
14 different RHMMs, labeled 1λ to 14λ , are generated. Each 
represents one of the 14 observable states of the three facial 
regions. The observation sequences are formed using the 
coordinates of the facial feature points in a 2D 
representation. In Table 2, we tabulate six basic emotion 
types [14] and their states.  
 
Table 2. Library of Emotion Types and States of Face 
Regions. 
Emotion Type States of Face Regions 

Anger Eyebrows fall, eyes close, mouth close, and lips 
corners pucker 

Disgust 
Eyebrows fall, eyes close, mouth close and lips 
corners pull 

Sadness Eyebrows raise, eyes close, mouth close and lips 
corners down 

Happiness 
Eyebrows neutral, eyes neutral, mouth open, and 
lips corners up 

Surprise Eyebrows raise, eyes open, mouth open, and lips 
corners neutral 

Fear Eyebrows raise, eyes open, mouth open, and lips 
corners pull 

 
2.3. Training RHMMs and recognition 
 
We select the left-to-right model for training and recognition 
RHMMs. Gaussian type is chosen to represent the 
observation probability distribution. RHMMs are trained 
using the Baum-Welch algorithm [15]. In the recognition 
step, the probability of the observation sequence for the 
related RHMM ( | )i jP O λ is calculated using the forward-
backward algorithm [15], where the observation sequence 

iO corresponds to the thi  facial region and  j  is the state of a 
face region. A prototype emotion is expressed by combining 
states of the all facial regions. Therefore, we calculate the 
probability of an emotion type kP  by summing the 
probabilities of the states of different facial regions 
according to Table 2 as follows 

 ( | )k jiP P O λ=∑   (1) 

where k  is one of the six basic emotion types. The emotion 
type for a facial video frame is decided based on the highest 

measured probability max( )kP . 
 

3. SYSTEM PERFORMANCE 
 
The widely referenced Cohn-Kanade database [16] is used 
to recognize the six basic facial emotions listed in Table 2. 
We conduct two sets of experiments for the person-
independent case and compare our results with prior art. 180 
video sequences and 30 different subjects from the Cohn-
Kanade database are used such that one sequence per 
subject per universal emotion type is included. 24 out of the 
30 subjects are utilized for training, with the remaining 6 
subjects used for performance tests. Two sets of 
experiments are run using 5-fold cross validation. One is to 
classify facial features using the proposed RHMM 
framework for the states of face regions. The other uses the 
emotion-specific HMM [1, 2].  

Fig. 1 displays the recognition rates for emotion types as 
a function of frames (time) in a video sequence. The 
recognition performances for the proposed RHMM and 
emotion-specific HMM systems are tabulated in Tables 3 
and 4, respectively. The former performs 2.84% better than 
the latter tested on the same database. The performance is 
also better than earlier work reported in the literature for the 
person-independent case. The recognition rates given in [17] 
and [18] are 86% and 85.84%, respectively.  

 
Table 3. Recognition performance (in %) of the proposed 
method (average recognition rate is 86.67%). 

 A D F H N SA SU 
A 76.67 10 3.33 0 0 10 0 
D 3.33 83.33 0 3.33 0 10 0 
F 0 0 86.66 3.33 0 3.33 6.67 
H 0 0 3.33 96.67 0 0 0 
N 0 0 0 0 100 0 0 
SA 3.33 16.67 10 0 6.67 63.33 0 
SU 0 0 0 0 0 0 100 

 
Table 4. Recognition performance (in %) of emotion-
specific HMM per emotion type [1, 2] (average recognition 
rate is 84.28%). 

 A D F H N SA SU 
A 73.33 10 3.33 0 0 13.34 0 
D 6.67 80 0 3.33 0 13.34 0 
F 0 0 83.33 6.67 0 3.33 6.67 
H 0 0 3.33 93.33 0 0 3.33 
N 0 0 0 0 100 0 0 
SA 3.33 23.33 6.67 0 6.67 60 0 
SU 0 0 0 0 0 0 100 
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Fig. 1.  Recognition rates (probabilities) of emotion types as 
a function of frame index (time) in a video sequence. 
 

4. INFERENCE TO MENTAL STATES 
 
To assess the plausibility of the proposed system to infer 
mental states, we compare its performance results with the 
human’s by analyzing the same dataset. Affect [19] refers to 
the emotion elicited by stimuli and objectively reflects a 
person’s mental state. It has been generally classified in the 
field of psychology using positive and negative dimensions 
[20]. Based on the basic facial emotion types, we classify 
Happiness as the positive affect and Anger, Disgust, Fear, 
and Sadness as the negative affect. 

This experiment consists of two steps.  In the first step, 
24 professional actors (mean age = 29.167, SD = 9.907, 11 
females) are selected as target participants to express five 
prototype emotion types elicited by stimuli from real-life 
activities, such as conversations and events. They are Anger, 

Disgust, Fear, Happiness, and Sadness. Since Surprise can 
be revealed as a result of positive or negative affect, it is not 
used for measuring affect in this experiment. Their frontal-
view facial emotions are extracted from video clips of the 
TV series in which the actors perform. In this novel 
paradigm, subjects express their facial emotions triggered by 
real environment or events without bias. A total of 120 
video clips with 640x352 pixel resolution are extracted, 
each of which starts and ends with a single emotion type per 
person. The auditory information is filtered and the motions 
of the mouth due to speaking or chewing are isolated.  

In the subsequent step, both the human perceivers and 
the proposed system separately judge target participants’ 
affects by watching these video clips. 15 people (mean age 
= 24.933, SD = 5.483, 1 female) served as perceivers. Both 
the perceivers and the system are assigned to watch 120 
videos clips. After watching a video clip, the perceivers 
evaluate the type of affect (positive or negative) and the 
degree of the affect using a 21-point scale ranging from (-10 
= extremely negative, +10 = extremely positive) [9]. 
Analogously, the system provides its affect rating in the 
range between -1 to +1. To calculate the similarity between 
ratings of the system and the perceivers, the perceivers’ 
ratings are also scaled between -1 to +1. Both the perceivers 
and the system do not know the emotion type (affect) 
labeled on the video clips. The resulting advantage is that 
they naturally give the final ratings in the absence of prior 
knowledge. 
 
4.1. Evaluation of video clips 
 
We asked all perceivers to independently evaluate all video 
clips after watching them. Each video clip is classified as an 
explicit video if the number of perceivers inferring the same 
facial affect as that labeled on the video clip is over 50% of 
all perceivers. Otherwise, it is classified as an ambiguous 
video clip. A total of 13 of the 120 videos were classified as 
ambiguous videos. The remaining 107 explicit video clips 
were utilized for the experiments. Some samples are shown 
in Fig. 2. 
 

 
 

Fig. 2. Samples of spontaneous facial expressions. 
 
4.2. Inference of automatic system and human perceivers 
 
Inference of targets’ mental states by the system is based on 
facial emotion recognition. The system recognizes emotion 
type of a video clip v by calculating the largest probability 

Emotion
vP  among Anger, Disgust, Fear, Happiness, Neutral, 

Sadness, and Surprise expressed as 
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 ,max( ),    v 1,...,  1,..,7Emotion

v i videoP P N i= = =   (2) 
 
where videoN  is the total number of videos. iP  is the 
probability of an emotion type, that is obtained by summing 
the overall probabilities ijp of this emotion type in each 
frame of a video clip. ijp  is normalized to one. Hence, iP  is 
calculated as follows 
 

 
7

1 1
,     1

frameN
i ij ij

j i
P p subject to P∑ ∑

= =
= =   (3) 

 
where frameN is the number of fames of a test video. 

The ratings of both the positive affect posP  and the 
negative affect negP  for a video are separately calculated by 
the system as 
 

 max( , , , )
subject to

max( , , , )

max( , , , )

max( ,  ),  1,..., ,

Happiness
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Happiness Anger Disgust Fear Sadness

Anger Disgust Fear Sadness
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Affect
v pos neg video

P
P

P P P P P

P P P P
P

P P P P P

P P P v N

=
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+
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 (4) 

 
where the larger affect rating Affect

vP  of the two values is 
selected as the recognized affect of the corresponding video 
clip. 

Affect recognition accuracy of the system is measured 
by comparing its results with the actual labels of test video 
clips. The emotion recognition rate of the system is 76.64% 
and the affect recognition rate reaches to a higher value of 
85.98%. This is mostly due to the fact that some emotion 
types are misrecognized although they may be affiliated 
with the same affect type. The perceivers’ inferences are 
given in Table 5. ,   1,...,15iP i =  represents the ith perceiver. 
The perceivers’ average accuracy for affect recognition is 
90.47%. 
 
Table 5. Accuracy (in %) of human perceivers’ inferences  

P1 P2 P3 P4 P5 P6 P7 P8 
86.92 96.26 96.26 87.85 92.52 94.39 81.31 82.24 

P9 P10 P11 P12 P13 P14 P15  
92.52 92.52 91.59 79.44 94.39 94.39 94.39  

 
4.3. Similarity of the system and the human perceiver 
 
Similarity scores are calculated by the percentages of affect 
recognitions by the system the same as the perceivers’ in all 
test videos. For this purpose, we use the one-sample t-test 
that assesses whether the sample mean is statistically 
different from the population mean [21]. The similarity 
score for positive affect (mean = 97.39%, SD = 5.14, t(14) 

=35.68, p<0.001) is higher than that for negative affect 
(mean = 76.90%, SD = 6.84, t(14) = 15.24, p<0.001), where 
p is the probability of obtaining a test statistic close to the 
one that was observed, given that the null hypothesis is true. 
It is in line with the fact that the system is more sensitive to 
Happiness emotion. We also calculate the similarity score 
for the overall affects (mean = 81.31%, SD = 5.22, t(14) = 
23.24, p<0.001). The results of one-sample t-test show that 
similarity scores of inferences between the system and 
perceivers are significantly above 50% for both affects. The 
proposed system is able to perform as the human does to 
infer people’s mental states from their spontaneous facial 
expressions estimated from a video sequence. 

To check the reliability of our results, we examine 
whether some targets’ spontaneous facial expressions lead 
to predict similarity of inference between the system and 
perceivers. For each emotion type, we calculate the 
correlation between (a) recognition rates of the system for 
each target, and (b) similarity scores for each target. Fisher’s 
z transform is used to evaluate for sample correlations in the 
range of -1 and +1 to a near Gaussian population [9, 22]. 
The correlations for each emotion type are close to zero 
( angerr  = -0.23, disgustr  = -0.15, fearr  = 0.02, happinessr  =  -0.18, 

sadnessr  = 0.08, mean = -0.10, SD = 0.16, t(4) = 1.38, p>0.1). 
The results show that the correlations for the emotion types 
are not significantly higher or lower than zero. It explains 
that the human-like ability of the system to infer people’s 
mental states is quite independent of the recognized 
spontaneous emotion types. 

 
5. CONCLUSIONS 

 
We proposed an automatic facial emotion recognition 
system that employs RHMMs for states of face regions 
instead of using a traditional HMM to represent a single 
emotion type for the entire face. The results showed that the 
proposed method outperforms the traditional HMM method 
for the person-independent case. The performance was also 
superior to the state-of-the-art in the literature. More 
importantly, the results verify that the proposed system has 
the capability to infer mental states reported similar with 
human-to-human interactions. To the best of our 
knowledge, this is the first attempt to explore the 
psychological plausibility of the automatic system to 
analyze spontaneous facial expressions registered in video 
sequences. The authors are currently studying the 
implementation of such a system for various applications. 
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