
Mutual Information-Based Selection of Audiovisual
Affective Features to Predict Instantaneous

Emotional State
Sudipta Paul†, Nurani Saoda†, S M Mahbubur Rahman†, Member, IEEE, Dimitrios Hatzinakos‡, Fellow, IEEE

†Department of Electrical and Electronic Engineering
Bangladesh University of Engineering and Technology, Dhaka-1205, Bangladesh

‡Identity, Privacy and Security Institute, Department of Electrical and Computer Engineering
University of Toronto, Toronto, ON, Canada, M5S 2E4

E-mail: {sudiptapaul.paul, saodacynthia}@gmail.com, mahbubur@eee.buet.ac.bd, dimitris@comm.utoronto.ca

Abstract—Automatic prediction of continuous level emotional
state requires selection of suitable affective features to develop a
regression system based on supervised machine learning. This
paper investigates the performance of low-level dynamic fea-
tures for predicting two common dimensions of emotional state,
namely, valence and arousal instantaneously. Low-complexity
features are extracted from audio and visual modalities inde-
pendently and fused in the feature level. Features with minimum
redundancy and maximum relevancy are chosen by using the
mutual information-based selection process. The performance of
frame-by-frame prediction of emotional state using the moderate
length features as proposed in this paper is evaluated on sponta-
neous and naturalistic human-human conversation of SEMAINE
database. Experimental results show that the proposed features
selected by mutual information can be used for instantaneous
prediction of emotional state with an accuracy higher than
traditional audio or visual features that are used for affective
computation.

I. INTRODUCTION

Human can easily understand the instantaneous affective
information conveyed by speakers during human-human con-
versation from multimodal cues. Automatic retrieval of affec-
tive information helps to develop artificial listener agents and
emerging user-oriented technologies. For example, machines
will be able to provide flexible performance under uncertain
conditions, movie directors can change affective content of
a video aiming at certain viewer groups, emotional state of
drivers can be monitored to engage safety measures, and
impact of television commercials or programs can be mea-
sured by judging the emotional state of the viewers remotely.
Thus, automatic prediction of instantaneous affective state is
becoming increasingly important in the recent years [1].

A. Related Works

Analysis of affective content is an interdisciplinary field
involving research areas that includes computer vision, speech
analysis, and psychology. To relate between measurable low-
level features with corresponding affective state, certain mod-
els of emotion are required. Psychologists have used two
major approaches, viz., categorical and dimensional to quan-
tify the emotional states [2]. According to the categorical
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Fig. 1. Examples of facial appearances in the valence-arousal plane showing
typical emotional states.

approach, the model of emotion was defined by Ekman [3],
who grouped emotion into six basic categories including the
happiness, sadness, anger, disgust, fear, and surprise. Situation
arises where a small number of discrete categories may not
reflect the complexity of emotional states. In this context,
continuous emotional model reflect more subtle and context
specific emotions avoiding boundaries. As a result, research
in area of affective computing is shifting from categorical
approach to dimensional approach. Wundt [2] introduced
dimensional approach, wherein the emotion is divided into 3D
continuous space - valence, arousal, and dominance. Valence
represents the degree of pleasure, ranging from pleasant to
unpleasant feelings. Arousal illustrates the activation level
ranging from global feeling of dynamism to lethargy of an
individual. Dominance characterizes the range of emotion
from controlling sentiment to the controlled or submissive
feelings. Dietz and Lang [4] have shown that the effect of
the dominance dimension becomes visible only at points with
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distinctly high absolute valence values. Greenwald et al. [5]
have shown that the valence and arousal account for most of
the independent variance in emotional responses. Fig. 1 shows
a few examples of facial appearances in the valance-arousal
plane. It is seen from this figure that different emotional states
such as stressed, excited, bored or relaxed feelings can be
recognized independent of the subjects by the ratings of the
dimensions valance and arousal.

In general, the affective states of humans are estimated
by extracting affective features from suitable sensors, and
then relating between the low-level descriptors and high-
level semantic meanings. Initial researches on affective content
analysis confined in recognition of exaggerated expressions
of prototypical emotions that are recorded in constrained
environments. For example, studies carried out by of Chen
and Huang [6], De Silva and Ng [7] involve the investigation
audio and video signals to recognize six basic expressions
introduced by Ekman [3]. Facial action coding system [8] is
an well known approach of expression recognition that codify
the muscle movements of faces. Spontaneous expressions are
also recognized using the differentially expressive components
of the facial images represented by orthogonal 2D Gaussian-
Hermite moments [9]. Automatic detection of posed or spon-
taneous expressions with an acceptable accuracy is possible
using monomodal static descriptors and static classifiers. But,
challenges appear to solve for the problem of recognizing
continuous level naturalistic emotions instantaneously those
are displayed in our day-to-day life.

Recent trends for predicting continuous-level emotional
state apply the process of feature extraction from different
modalities, feature selection, and mapping of the selected
feature to the semantic meanings using regression technique
based on a suitable machine learning algorithm. Although fea-
tures extracted from audio, visual or physiological signals have
been attempted for prediction of emotional states, the former
two-types of signals are preferred to the last-type of signal
due to their easy accessibility and widespread availability.
In order to analyze the dynamics of human emotion over a
period of time, the regression algorithm requires the inclusion
of dynamic features extracted from data of each modalities in-
stead of commonly used static features. For example, Wollmer
et al. [10] prescribed the use of low-level dynamic features
extracted from the optical flow of facial video signals for
automatically rating the emotional states. Dahmane and Me-
unier [11] used the Gabor energy texture descriptor of visual
signals as the features of emotion. Another example of low-
level dynamics is the use of quantized local-phase of texture
patterns obtained from the three orthogonal planes (TOPs) of
a video [12]. Nicolle et al. [13] used mid-level visual dynamic
features including the head movement, face deformation, and
local variations of face appearance. The performance of high-
level static features such as the gaze direction, head tilt, smile
intensity to obtain the continuous-level emotional meanings
from a single image has been investigated in [14]. To remove
redundant and irrelevant information in the regression process,
suitable selection techniques such as those employ the correla-

tion coefficients [13] and mutual information [15] are applied
to certain features. In the multimodal analysis, results obtained
from individual modality are required to be fused to predict the
emotional states. In case the emotional state is predicted using
the synchronized modality the feature-level fusion is suitable.
On the other hand, the decision-level fusion is recommended
for features extracted from asynchronous modalities. Various
machine learning regression algorithms such as the long short-
term memory network [10] and hidden Markov model [16] are
applied to predict the continuous-level emotional state from
the extracted features or the fused set of features.

B. Scope of Analysis

Existing methods of continuous-level affective computa-
tion use a relatively high number of features as well as
the computational complexity of their extraction processes is
relatively high. Prediction results of these features have been
reported only for the entire set of test data, with performance
comparisons are given only in terms of the root mean square
error, concordance of correlation coefficient or mean absolute
error. To the best of our knowledge, the deep investigation
of prediction performance of instantaneous affective state
using commonly-referred audiovisual features is absent in the
literatures. Thus, there remains a scope of developing new
algorithm such that the frame-by-frame emotional state can be
predicted in real-time by the use of sufficiently low number
of effective features chosen by a suitable selection process.

C. Specific Contributions

In this paper, we focus on instantaneous prediction of
continuous-level emotional states using a suitable selection of
audiovisual features. In particular, our specific contributions
are as follows:

∙ The frame-by-frame instantaneous prediction of emo-
tional states using a small set of audio-visual features.
The extraction process of features involves low-level of
computational complexity such that the method can be
applied in real-time application.

∙ The comparison of the performance of different features
for prediction of two emotional dimensions, namely,
arousal and valence. We show that improvement of pre-
diction result is obtained when only relevant features are
taken care of and redundant features are eliminated.

This paper is organized as follows. Features extracted from
audio and visual signals are presented in Section II. Sec-
tions III and IV detail the feature selection and regression
processes, respectively. The experimental setup and results
obtained are given in Section V. Finally, concluding remarks
are provided in Section VI.

II. FEATURE EXTRACTION

In order to extract relevant information from audio and
video signals for emotion prediction, we perform different
processing steps on these signals. In particular, we extract
the mel frequency cepstral coefficient (MFCC) from audio
signals and local binary pattern (LBP) texture descriptor from
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Fig. 2. The extraction process of feature MFCC from speech signals. (a) A
simplified block diagram of the process. (b) The bank of 15 mel-scale filters
with sampling frequency 8 kHz.
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Fig. 3. The process of extraction of LBP-TOP features [19] for prediction of
continuous-level emotional states from facial video data.

visual signals as features of emotion. The processes of feature
extraction from two-types of signals and their normalization
are presented in separate sections.

A. Audio Features

Relative importance of the MFCC in speech emotion
recognition is higher than speech energy, pitch, and speech
duration [17]. The MFCCs are obtained by discrete cosine
transform(DCT) of log power spectrum of short-time speech
signal on mel-scale frequency. A simplified block diagram
of standard MFCC-based feature extraction process and the
mel-scale filter bank is given in Fig. 2. Let 𝑿 be the power
spectrum obtained from windowed speech frame using the
discrete Fourier transform. If 𝑯 is the matrix of mel-scale
filter bank and 𝑫 is the matrix of DCT, then the MFCCs can
be estimated as [18]

𝑪 = 𝑫 log (𝑯𝑿) (1)

B. Visual Features

The dynamic features represented in terms of the LBPs
obtained from TOPs of facial video data are chosen for
prediction of continuous-level emotional state motivated by
the fact that such features are shown to perform well for
recognizing micro-level expressions in the case of spontaneous
scenario [20]. Let 𝐼(𝑥, 𝑦; 𝑡) denote the spatial intensity at

position (𝑥, 𝑦) and time 𝑡 in a video data of size (𝑋,𝑌, 𝑇 ).
The descriptor LBP-TOP is obtained by concatenating LBP on
three planes: XY, XT, and YT, and considering only the co-
occurrence statistics in these three directions. In estimating the
LBPs in a plane, each pixel is represented by a binary value
calculated by thresholding the graylevel of the pixel from that
of the neighboring pixels. The value of uniform LBP code in
terms of the signs of joint differences is defined as [19]

𝐿𝐵𝑃 =

3𝑃+1∑
𝑞=0

𝑢(𝑔𝑞 − 𝑔𝑐)2
𝑞 (2)

where 𝑔𝑐 and 𝑔𝑞 (𝑞 ∈ 0, 1, 2, ⋅ ⋅ ⋅ , 3𝑃 + 1) are the graylevel
intensities of the center and neighboring pixels of current, pre-
vious, posterior frames with 𝑃 number of circularly symmetric
neighboring points in a frame, respectively, and the function

𝑢(𝑧) =

{
1 𝑧 ≥ 0

0 𝑧 < 0
(3)

Let a set of dynamic textures in terms of uniform LBP of size
𝑋𝑑×𝑌𝑑×𝑇𝑑 (𝑥𝑐 ∈ {1, 2, ⋅ ⋅ ⋅ , 𝑋𝑑}, 𝑦𝑐 ∈ {1, 2, ⋅ ⋅ ⋅ , 𝑌𝑑}, 𝑡𝑐 ∈
{1, 2, ⋅ ⋅ ⋅ , 𝑇𝑑}) be estimated by considering only the center
part of the neighborhood from a segment of video clip. The
histogram of the dynamic feature is estimated as

𝐻𝑖ℓ =
∑
𝑥,𝑦,𝑡

𝐼{Φ𝑐
ℓ(𝑥, 𝑦, 𝑡) = 𝑖} 𝑖 = 1, 2, ⋅ ⋅ ⋅ , 𝑛ℓ ℓ = 1, 2, 3

(4)

where Φ𝑐
ℓ(𝑥, 𝑦, 𝑡) represents the uniform LBP code of central

pixel (𝑥𝑐, 𝑦𝑐, 𝑡𝑐), 𝑛ℓ is the number of different labels produced
by the LBP operator in the ℓth plane (ℓ = 1 : XY, 2 : XT, 3
: YT) and

𝐼{𝐴} =

{
1 if 𝐴 is true

0 if 𝐴 is false
(5)

The labels from the XY-plane contain information about the
appearance, whereas that in the XT- and YT-planes represent
the co-occurrence statistics of motion in horizontal and vertical
directions. The three histograms are concatenated to build a
global description that represents dynamic feature with the
spatial and temporal characteristics of the data, which is often
referred to as the LBP-TOP. Fig. 3 shows a schematic diagram
of the computation process of the LBP-TOP of a facial video
data using five overlapping blocks. It is noted that the LBP-
TOPs of five blocks are concatenated to obtain the dynamic
feature sets of emotional states.

C. Feature Normalization

In the proposed method, we adopt a simple but effective nor-
malization process of audio and visual features. The MFCCs
are obtained from DCT coefficients, hence, the audio features
are real-valued data. On the other hand, the video features
are non-negative integers, since the LBP-TOPs are obtained in
terms of histograms of texture patterns. In order to combine the
two different-types of features, first the audio and video feature
sets are scaled to the range of (−1, 1) and (0, 1), respectively,
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and then concatenated. We refer to the feature set ℱ of length
𝐿 with normalized elements as {𝑓𝑖} (𝑖 ∈ 1, 2, ⋅ ⋅ ⋅ , 𝐿).

III. FEATURE SELECTION

In order to select the relevant features and to eliminate
the redundant features, the minimum redundancy maximum
relevance (mRMR) feature selection technique is used [21].
The feature selection process also reduces the length of
feature vectors and thus lowers the effective computational
complexity. To calculate mRMR ranking of a dynamic feature
𝑓𝑖(𝑡) (𝑖 ∈ 1, 2, ⋅ ⋅ ⋅ , 𝐿), we employ the difference between
the maximum relevance and minimum redundancy criteria
expressed in terms of their dynamic random variables 𝐹𝑖(𝑡)
(𝑖 ∈ 1, 2, ⋅ ⋅ ⋅ , 𝐿) as [21]

Ψ𝑅ℱ (𝑡) = max
𝐹𝑖∈ℱ

[
1

∣ℱ∣
∑
𝐹𝑖∈ℱ

ℳ(𝑅(𝑡), 𝐹𝑖(𝑡))−

1

∣ℱ∣2
∑

𝐹𝑖,𝐹𝑗∈ℱ
ℳ(𝐹𝑖(𝑡), 𝐹𝑗(𝑡))

]
(6)

where 𝑅(𝑡) is the dynamic random variable of the ground truth
of instantaneous emotional rating 𝑟(𝑡), ℳ(⋅) is the mutual
information of two random variables 𝐹𝑖 and 𝐹𝑗 given by

ℳ(𝐹𝑖, 𝐹𝑗) =

∫ ∫
𝑝(𝐹𝑖, 𝐹𝑗) log

𝑝(𝐹𝑖, 𝐹𝑗)

𝑝(𝐹𝑖)𝑝(𝐹𝑗)
d𝐹𝑖d𝐹𝑗 (7)

where 𝑝(𝐹𝑖), 𝑝(𝐹𝑗) and 𝑝(𝐹𝑖, 𝐹𝑗) are the probability density
functions. Finally, the feature vector F𝒔 consisting only the
features {𝑓𝑠𝑖} (𝑖 ∈ 1, 2, ⋅ ⋅ ⋅ , 𝐿𝑠) with high values of mRMR
ranking are constructed to predict the emotional states.

IV. PREDICTION OF EMOTIONAL RATING

In the proposed method, a regression technique is required
to map the features to continuous-level emotional dimension.
We employ the support vector regression (SVR) technique to
predict the emotional states from the proposed audiovisual
features by acknowledging that it is a well-established statis-
tical learning theory applied successfully in many prediction
tasks in computer vision. The kernel SVR implicitly maps the
dynamic features into a higher dimensional feature space to
find a linear hyperplane, wherein the emotional state can be
predicted with a predefined soft error margin. Given a training
set of known emotional rating Θ(𝑡) ∈ {F𝒔(𝑡), 𝑟(𝑡)}, where
F𝒔(𝑡) ∈ ℝ

𝐿𝑠 and −1 ≤ 𝑟(𝑡) ≤ 1, the emotional state is
predicted using the test feature F̂𝒔(𝑡) as a regression function
given by

𝑟(𝑡) =

𝐿𝑠∑
𝑖=1

𝛽𝑖Φ
(
𝑓𝑠𝑖(𝑡), 𝑓𝑠𝑖(𝑡)

)
+ 𝑏 (8)

where 𝛽𝑖 are the Lagrange multipliers of a dual optimization
problem, Φ(⋅) is a kernel function, 𝑓𝑠𝑖 are the support vectors,
and 𝑏 is the weight of bias. In order to map the audiovisual fea-
tures into the higher dimensional feature space for prediction,
the most frequently used kernel functions such as the linear,
polynomial, and radial basis function (RBF) can be used. With
a view to select the parameters of the SVR, a grid-search on
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Fig. 4. Prediction performance of dimension valence in terms of MAE with
increasing length of proposed dynamic features ranked according mRMR.

TABLE I
COMPARISON OF PREDICTION PERFORMANCE OF EMOTIONAL

DIMENSIONS IN TERMS OF MAE USING DIFFERENT FEATURES

Features Valence Arousal

Audio (MFCC) 0.1202 0.1614

Visual (LBP-TOP) 0.1049 0.1163

Audio (MFCC with 𝛿 and 𝛿𝛿 + Zero-Crossing 0.1390 0.1624
Rate + Log Frame Energy + Centroid with 𝛿) [22]

Visual (Gabor Energy) [11] 0.1185 0.1586

Proposed Audiovisual 0.0891 0.1114
(MFCC with 𝛿 and 𝛿𝛿 + LBP-TOP)

the hyper-parameters is used by adopting a cross-validation
scheme. The parameter settings that produce the best cross-
validation accuracy are used for predicting the emotional state
from the proposed dynamic features under test.

V. EXPERIMENTS

Experimentations are carried out to evaluate the perfor-
mance of the prediction method using the proposed audio-
visual features. The experiments are presented in separate
subsections by detailing the nature of the database, the setup
that was employed, and the results that were obtained.

A. Database

In the experiments, we consider spontaneous and natural-
istic interactions between pairs of humans provided in the
SEMAINE (Sustained Emotionally colored Machine-human
Interaction using Nonverbal Expression) database [23]. The
database was developed by capturing both the audio and video
signals of the interactions with a target to analyze the issues
of sensitive artificial listener (SAL) agents. The experiments
consider the solid-SAL scenario, wherein nonverbal engage-
ments such as the back-channelling, and eye contact between
the participants and operators are recorded. The database
contains 24 such recording sessions comprising a total of 190
multimedia clips. The audio signal of the databse is recorded
at 48 kHz with 24 bits per sample. The grayscale video signal
is recorded at 49.979 frames per second and 8 bits per pixel.
Continuous ratings of the dimensions valence and arousal in
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the range (−1, 1) are provided for each of the frames of the
clips in the database.

B. Setup

According to the frame-rate of video signal and sampling
frequency of the audio signal of the database, single frame
corresponds to the 20ms short-time of audio signal. Thus, in
order to calculate the MFCC, the audio signal is segmented
into non-overlapping short-time signals with a duration of
20ms. Mel-scale filter bank consisting of 15 uniformly-spaced
triangular filters and a bandwidth of 4kHz is applied to the
power spectrum of the short-time signal. We have considered
all the DCT coefficients from the order 2 to 13 for the
calculation of MFCC. The audio features are extracted from
the actual MFCCs as well as from their first and second
derivatives, also known as 𝛿 and 𝛿𝛿, respectively. Thus, the
initial length of features contributed from each of the short-
time frame of audio signals becomes 36.

To extract the visual features, the face region is cropped us-
ing the well-known Viola-Jones face detection algorithm [24].
The features in terms of LBP-TOP of the cropped face region
are estimated using 5 numbers of neighboring frames by
considering that emotional ratings remain nearly unchanged
for such a group of frames. The number of neighboring
points in a frame is set to 8 to estimate the LBPs. In such
a case, the initial number of visual features represented by
histogram of all possible uniform patterns becomes 58. Due
to normalization and fusion of audio and visual features, the
total number of dynamic features for a set of non-overlapping
5-frames prior to the selection process becomes 𝐿 = 94.

In order to select the effective features for prediction of
emotional rating the mRMR ranking of each of the features
are obtained from a training set of data. Approximately 25%
frames of video clips are considered for choosing the training
data and the rest of the frames as the test data for predicting
the emotional dimensions. In order to train the features with
the emotional rating, we have discretized the range of rating
in 10-levels uniformly. The sets of 50-neighboring frames that
have nearly constant rating (variation is less that 20%) for each
of the levels are chosen for the purpose of training. Five-fold
cross-validation technique is applied on the training data set to
optimize the model of SVR. The parameters such as the length
of RBF kernel, weights, and bias of the SVR are optimized
in terms of the mean absolute error (MAE) of prediction. The
optimized SVR is employed first to select effective length of
features those are ranked by the criterion mRMR, and finally
for prediction of emotional dimension on the testing set of
data.

C. Results

Fig. 4 shows the MAE values obtained for the trained
data to predict the dimension valence using the increasing
length of features ranked according to mRMR. It is seen from
this figure that the MAE of prediction decreases with the
inclusion of first few features that have high values of mRMR
ranking. However, if the feature length exceeds 𝐿𝑠 = 30, the

MAE values are not ensured to be minimum. The prediction
performance of the dimension arousal also shows similar
performance characteristics, and hence, we have selected first
30 mRMR ranked audio-visual features to predict emotional
dimension of the testing set in the experiments. According
to the proposed approach of selection approximately 20%
features are counted from the audio signals and rest from the
video frames.

The overall performance of prediction is compared with
individual features that we have used, i.e., MFCC and LBP-
TOP, as well as bundles of audio features including the MFCC
with derivatives, zero-crossing rates, log-energy, centroid with
derivatives [22] and visual features including the Gabor en-
ergy [11]. Table I shows the overall prediction performance of
the testing clips in terms of MAE for the comparing methods.
It is seen from this table that in general the visual features
in terms of texture patterns of facial images performs better
than the audio features that represent frequency characteristics
of speech. It can be also observed that the prediction of
emotional dimension arousal is more challenging than that
of dimension valence. Due to the proposed normalization,
fusion, and selection processes of the audiovisual features, the
MAE of prediction performance for both valence and arousal
dimensions are found to the lowest among the comparing
methods.

Fig. 5 shows instantaneous prediction of the emotional
dimensions valence and arousal for sampled frames of video
clips having recording and session IDs (1, 2) and (10, 41),
respectively, wherein the sampling period is 5. The training
data of 250 frames in these clips or equivalently 50 sampled
frames are encircled. It is seen from Fig. 5 that the proposed
method can predict the ratings of both dimensions closely.
The closeness of prediction is significant, when the changes
are small in the testing frames as revealed in the facial
appearances of the participants. If there is a sudden change of
a dimension, then the proposed prediction can follow the trend
within few seconds as per the frame-rate. Thus, the proposed
instantaneous emotion prediction technique can be effective in
developing real-time artificial listener agents.

VI. CONCLUSION

Automatic prediction of emotional states is crucial for
developing SAL that has many potential applications requiring
interaction between machines and humans. The generalized
approach of prediction of emotional state follows the steps
of extraction of affective features, selection of features, and
mapping of selected features using a regressor. This paper
has investigated the performance of instantaneous prediction
of two commonly-referred emotional dimensions, namely, the
valence and arousal, using the low-level audiovisual features
including the MFCC and LBP-TOP under certain settings.
Extracted features are combined with a feature-level fusion
process and then selected by using the mutual information-
based mRMR ranking. These low-level features are mapped
on the emotional dimensions using the SVR technique. Per-
formance of the proposed audiovisual features is compared
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Fig. 5. Instantaneous prediction of emotional dimensions using the proposed audiovisual features. The dimensions are (a) valence and (b) arousal.

with existing audio and visual features for prediction of
instantaneous rating of valence and arousal dimensions. The
MAEs calculated using different length of feature vector show
that the prediction performance improves significantly, when
approximately 30% of top ranked features are considered for
the regression. Experiments on instantaneous prediction reveal
that a moderate length audiovisual features as proposed in this
paper can provide a few seconds of settling time even when
an emotional dimension changes sharply.
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