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ABSTRACT

Most previous works on video indexing and recommendation
were only based on the content of video itself, without
considering the affective analysis of viewers, which is an efficient
and important way to reflect viewers’ attitudes, feelings and
evaluations of videos. In this paper, we propose a novel method to
index and recommend videos based on affective analysis, mainly
on facial expression recognition of viewers. We first build a facial
expression recognition classifier by embedding the process of
building compositional Haar-like features into hidden conditional
random fields (HCRFs). Then we extract viewers’ facial
expressions frame by frame through the videos, collected from the
camera when viewers are watching videos, to obtain the
affections of viewers. Finally, we draw the affective curve which
tells the process of affection changes. Through the curve, we
segment each video into affective sections, give the indexing
result of the videos, and list recommendation points from views’
aspect. Experiments on our collected database from the web show
that the proposed method has a promising performance.

Categories and Subject Descriptors
H.3.1 [Information Systems]: Content Analysis and Indexing

General Terms
Algorithms, Experimentation, Human Factors
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1. INTRODUCTION

With the widespread use of cameras, videos have become more
and more popular, being an indispensable part of our daily life.
Meanwhile, on-line services for sharing personal or professional
videos such as YouTube, YouKu [1] are developing rapidly, as
shown in Figurel.

How to organize videos into categories, how to segment each
video into affective sections and how to recommend videos of
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Figure 1. Examples of on-line videos from [1]. Videos in the
two lines are comedies and exciting moves respectively, both
sorted in order of recommendation points, in proportion to
image area. The right column are typical affections when
viewers are watching these videos: happiness and surprise.

high quality, whether of one’s interest or of high clearness, have
become a difficult and nerve-wracking question, but of paramount
importance for managing website and improving user experience.
Song et al. [2] presented a large scale video taxonomic
classification system, utilizing the category taxonomic structure in
training and interpreting the classification results, and integrating
video content based features with text features. Wang et al. [3]
provided an effective way of integrating data from diverse
sources, and proposed three-DRF model for fusing models trained
from individual data sources when combined with small amount
of manually labeled data in a pairwise fashion. Irie [4] proposed a
latent topic driving model to movie affective scene classification.
Rho [5] reasoned about the user’s mood and situation using both
collaborative filtering and ontology technology and implemented
a prototype music recommendation system.

On the other hand, affective computing has been paid much
attention and widely spread, since R. W. Picard introduced the
idea [6]. And facial expression is the key method to express one’s
affections. Facial expression analysis and recognition has
attracted much research attention in the community of psychology
and computer science for more than 40 years. And a lot of perfect
results have been obtained, including high recognition accuracy,
fast recognition speed, mature feature extraction method, such as
Haar-like features [7], Gabor features [8], local binary patterns
(LBPs) [9], and effective classifier building method, such as SVM
[9], AdaBoost [7]. Yang et al. [10] applied compositional features
into facial expression recognition to avoid the AU detection due
to its ambiguity. Chang et al. [11] adopted hidden conditional
random fields (HCRFs) to classify facial expression and expanded
it into partially-observed hidden conditional random fields
(POHCRFs), in which POHCRF9 got the highest accuracy.
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Figure 2. The architecture of the proposed method

However, most previous works only focus on increasing the
recognition accuracy, based on normal facial expression database,

in which expressions are too exaggerated, unavailable in daily life.

Though widely reported that facial expression recognition has
many potential applications, few concrete and practical systems
based on facial expression recognition have been developed.

In this paper, we propose a novel method to index, segment and
recommend videos based on affective analysis, mainly on facial
expression recognition of viewers, considering spatio-temporal
context. The architecture of our proposed method is shown in
Figure 2.

Our contribution lies in three aspects: 1.We index, segment and
recommend videos especially web videos based on affective
analysis, mainly on facial expression recognition of viewers. To
the best of our knowledge, this is the first time to employ viewers’
affections for indexing and recommending videos. 2. We propose
affective curve model in the form of function and combine it with
videos’ affection flow. We also explain the meanings of inflection
points of the curve. 3. We analyze and recognize expressions
from spatio-temporal aspect simultaneously by embedding the
process of building compositional Haar-like features into HCRFs,
and develop a practical system of expression recognition to reflect
viewers’ affections, which are crucial to evaluate videos’ quality.

2. SPATIO-TEMPORAL FACIAL
EXPRESSION RECOGNITION

Here we adopt Yang’s [10] compositional feature strategy, which
achieves high recognition accuracy even when recognizing
expressions with low intensity. The most two important steps are
calculating the training error of each feature with the following
popular weak classifier

B 1
s(x)= 0

where apiminimizes the weighted error, and the combination

if p".fp,i(x) >p: gp,i
otherwise

(M

updating rule shown in Equation (2). The feature f; is to be added
to the combined feature if the training error is reduced after
combination.
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Si= U 1]
if E[ﬁ""’fm’ﬁ] < 8[f1>""fm]
Different from Yang [10], our combined features won’t stop

until Equation (2) is not satisfied instead of growing up to the
maximum length.

@

Then the process of building compositional features is
embedded into HCRFs. In nature, the main idea behind HCRFs is
to enrich CRFs by adding hidden states to capture complex
dependencies or implicit structures in the training samples. The
effect can be enhanced by using more hidden variables, or by
increasing the number of possible hidden states [11]. Equation (3)
and (4) list the probability and feature function, and Equation (5)
gives the objective function in training parameters g[11, 12].

> exp((y,h,x;0)) 3)
P(y|x,0) = <=2
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L(0) fZi:logP(y,- |%,0) =119l (5)

% =argmax, L(0)
The detailed training algorithm is listed in Algorithm1.

Algorithm 1 Facial expression recognition training procedure

Input: Image samples, labels (x;,y;), (X212, ... , (Xpyn), Xi is a
expression sequence, y;€ {-3,-2,-1,0,1,2,3}
Output: Classifier P(y|x,8)

1 fori=1ton

2 Build candidate set {F} and encode it as a binary vector,
similar with the method in [10];
3 for each f;e F do
4 i el fi, o fos f1<el i, £, ] do
N/ d VB
Update the training error;
end if
end for
5 According to (3) and (4), calculate p( ¥, 1x,0)5
end for
6 According to (5), train parameters §;
7 Return 4.

3. VIDEO INDEXING AND RECOMMEN-
DATION

3.1 Viewers’ Facial Expression Recognition

What is the most different from previous works and the most
difficult is that the videos of views’ facial expression usually
consist of several different categories of expression. How to
segment the videos into image sequences, each of which consist
of only one prototype expression, becomes the most important
question. Here we adopt the optimization strategy: we calculate
the probability of the sequence from the first frame to present



frame, until the probability comes to the maximum and then
update the first frame. The detailed is shown in Algorithm 2.

Algorithm 2 Facial expression recognition testing procedure

Input: Image sequence (x;, X, ..., X,

Output: Expression recognition result (y;;, yp, ...
2,-1,0,1,2,3}

1 Initialization i=1, count=1,

2 while i<=n do

3 Calculate compositional Haar-like features f;;

s Yims YilI{-3,-

4 According to the results of Algorithm 1, calculate the
probability P(vilxy) , yi[1{-3,-2,-1,0,1,2,3};
5 Calculate the maximum sequence probability
JjE=arg max; P(yilx;,....x;),0{-3,-2,-1,0,1,2,3};
6 l(count)=j;
Record expression category: y(j)= yi;
7 Update the first image of sequence: i=j+1;
8 count=count+1,
end while
9 Return y.

3.2 Affective Curve

An affective curve can be created by manipulating goals,
obstacles, and solutions to produce feelings like fear, disgust,
anger, surprise, happiness, and sadness. These components can be
coordinated with many different attractions, such as the attraction
of a particular star, an act of spectacular violence, a sad song, and
a dangerous stunt.

Definition An affective curve is a trinary function A=f{t,p,e), in
which ¢, p, e and A4 are short for time, person, event and affective
valence(affections) respectively. As we consider facial expression
for affective valence only, 4 belongs to the seven basic categories
of facial expressions. That is,

A€ {fear’,’sadness’, surprise’,'happiness’, 'disgust’, ‘anger’, 'neutral }.

For a particular person in a special event, the affective curve
turns into A=f{?), as shown in Figure 5. From the figure, we can
see that there are many inflection points, which are the transitions
of viewers’ affections, meaning the transitions of video, the key
part of the story, determining the results of the story.

Table 1. Indexing and recommendation criteria of videos.

main facial terminal recommendation

expressions expression standard
comedy neu, hap hap P(hap)> g
tragedy | neu,hap, sad sad P(sad)> 0, &P(hap)< g,
horror neu, fea, sur fea, sur P(fea)+P(sur)> 6,
moving neu, sad sad P(sad)> 6,
boring neu, dis neu,dis don’t recommend at all
exciting | neu, hap, sur hap P(hap)+P(sur)> 06

3.3 Video Indexing and Recommendation

Video indexing is done according to viewers’ affective curve and
affective segmentation. Here we classify videos into six affective
categories: comedy, tragedy, horror films, moving movies, boring
films, and exciting movies. Take comedy for example, if there are
only two facial expressions- happiness and neutral, and the
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percentage of happiness reaches the trained threshold, we classify
it to comedy.

Video recommendation is done through the percentage of
viewers’ main facial expression and the terminal facial expression.
Take comedy for example, if the percentage of happiness reaches
10% and the terminal facial expression is happiness, we can say
the video is good enough to recommend to others, for it achieves
its aim to make viewers happy. The detailed indexing and
recommendation criteria are shown in Table 1. Hap, sad, dis, sui,
ang, fea stand for happiness, sadness, disgust, surprise, anger, fear
respectively (the same below).

4. EXPERIMENTS

We conduct our training experiments of expression recognition on
the Cohn-Kanada expression database [13], a popular database
widely used to evaluate facial expression analysis and recognition
algorithms. The detailed description is shown in [13].

We conduct our video indexing and recommendation
experiments on our own selected database. It consists of 100 short
videos of different categories from YouKu [1], such as comedy
30%, tragedy 15%, horror film 15%, moving movies 18%, boring
films 10%, exciting movies12% and so on, Fig.1 shows the
examples. We also collected related videos of 10 viewers most
students of 20 to 30, 40% female and 60% male, watching the
selected web videos as the reflection of viewers’ affection. They
also gave their evaluation including recommendation points after
watching videos. Corresponding examples of viewers’ facial
expressions (original) are shown in Figure 4.

4.1 Facial Expression Recognition

We compare our method with [11]’s POHCRFs + Gabor method,
which adopted POHCRFs with Gabor features and [10]’s
Boosting + compositional method, which integrated the procedure
of building compositional features into boosting. The
experimental results on the testing set are illustrated in Table 2. It
is clear to see that our proposed method outperforms the other
two. Our method obtains the average recognition accuracy of
96.6%, while that of POHCRF + Gaobr is 90.0% and that of
Boosting + Compositional is 92.3%. This is reasonable because
we combine temporal and spatial context together in a unified
framework.

Table 2. Comparison of performance on the testing set (%)

hap sad dis sur ang fea
POHCRF+Gabor[11] 98.0 97.5 | 98.6 | 694 | 87.7 | 88.9
Boosting+Comp[10] 95.6 904 | 91.7 | 983 | 844 | 932
HCRF+Comp(ours) 100.0 982 | 98.7 1 994 | 924 | 955

Based on the training on Cohn-Kanada database, we test our
viewers’ facial expression sequence and also get a satisfying
performance, with accuracy reaching 90%. Some recognition
result examples can be found in Figure 4.

4.2 Video Indexing and Recommendation

Take comedy< Got the Money Anyway>, tragedy <Titanic>,
horror < Ferocious bell at the midnight>, moving < old soldier:
Wu Dehou> , boring < There is a graduate home>, exciting
<MBA: Kebi> for example, part of the affective curves are drawn
in Figure 3. To explain it, we take the famous comedy and
tragedy for example. It is clear to see that the curve of the
opusculum is filled with happiness, completely fitting the effect



of comedy. The affections of viewers watching the tragedy are
happy and finally sad, and this is the criteria of tragedy.
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Figure 3. Affective Curves. -3,-2, -1, 0, 1, 2, 3 stand for sadness,
anger, disgust, neutral, fear, surprise, happiness respectively.

Then we segment each video into affection sections, according
to viewers’ expressions. Some of the examples are listed in Figure
4. The detailed indexing confusion matrix is listed in Table 3. We
can see that the average accuracy reaches 85.4%. Some of the
videos are incorrectly classified, not because of the algorithm but
because of videos’ quality. Take comedy <There is a graduate
home > for example, it is classified as boring, because it doesn’t
make viewers laugh at all. So we won’t recommend it at all too.

happinesshappinesshappiness happinesshappiness happiness

[T X ¥

happlness fear happ[ness d|sgust happiness

f-’

LL.LLL

\_ disgust surprise surprise sadness sadness

Figure 4. Examples of the affective scene of comedy <Got the
Money Anyway> and tragedy <Titanic>

According to the recommendation criteria listed in Table 1, we
give recommendation points according to the proportion. Some
results are shown in figure 1.

S. CONCLUSION AND FUTURE WORK

In this paper, we propose a novel method to index and
recommend video based on affective analysis, mainly on facial
expression recognition of viewers. By building a spatio-temporal
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facial expression recognition classifier, drawing affective curve
and segmenting each video into affective sections, we obtain
perfect results of video indexing and recommendation.

Table 3. Indexing confusion matrix (%)

come | trage | horr . borin | excit

dy dy or moving g ing

comedy 93.33 0 0 0 3.33 3.33
tragedy 0 80 0 6.66 13.33 0

horror 0 0 86.66 0 3.33 3.33
moving 0 5.56 0 88.88 5.56 0
boring 10 10 0 0 80 0

exciting 8.33 0 8.33 0 0 83.33

We only consider facial expression as the method of expressing
affections without considering verbal, vocal and other parts.
Affections are generated through series of methods, including
facial expressions, verbality, vocality, sounds, and actions.
Combining them together effectively may further improve the
performance of analyzing viewers’ actual affections, which can
increase the accuracy of video indexing and recommendation. In
addition, it is also possible to build a general dataset of various
methods of expressing affections. Integrating an iterative co-
training framework of incrementally adding additional unlabeled
data is also a possible way of further expanding the training data
set and improving the classification performance. We can also
classify videos into more detailed categories in the form of
affections to index and recommend videos better.
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