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ABSTRACT

Dance traditions constitute a significant aspect of cultural her-
itage around the world. The organization, semantic analysis,
and retrieval of dance-related multimedia content (i.e., music,
video) in databases is, therefore, crucial to their preservation.
In this paper we explore the problem of folk dances recogni-
tion from video recordings, focusing on Greek folk dances,
using different representations for the data. To this end we
have employed the well-known Bag of Words model, in com-
bination with dense trajectories, as well as with streaklines
descriptors. Furthermore, we have adopted a representation
based on Linear Dynamic Systems, including a novel vari-
ant that uses dense trajectories descriptors instead of pixel in-
tensities. The performance of the aforementioned representa-
tions is evaluated and compared, in a classification scenario
involving 13 different dance classes.

Index Terms— dance recognition, Bag of Words model,
Linear Dynamic Systems, dense trajectories, streaklines

1. INTRODUCTION

Activity recognition is a well studied problem in the field of
computer vision and several approaches have been proposed
in the last years [1], [2], using mainly video data. The au-
tomatic classification of human activities in distinct classes
constitutes a crucial part in various domains, such as human-
computer interaction systems, health and elder care applica-
tions, video surveillance, and indexing in video databases.

In this paper, we deal with a more complex activity class,
namely dance. Dance can be thought of as a composition
of elementary motions (i.e. dance steps), the combination of
which, in a certain temporal order, gives rise to the choreogra-
phy. Therefore, the activity of dancing, unlike other types of
everyday activities commonly treated in activity recognition
research (e.g. running, jumping or waving), is characterized
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by high complexity and variation, rendering the recognition
problem more challenging.

Although a significant amount of research has been con-
ducted in the field of recognition of general activities, the
bibliography regarding dance classification is very limited.
Moreover, the majority of the existing dance recognition al-
gorithms operate upon motion capture data, or, on 3D skele-
tal motion representations. A real-time framework for clas-
sifying dance gestures using skeleton animation data can be
found in [3]. It introduces an angular representation for the
skeleton and a cascaded correlation-based classifier. In [4],
an alternative SVD-based scheme, called Segmental SVD is
introduced, which is suitable for recognizing dance motions
obtained through motion capture. A Dynamic Time Warping
(DTW)-based method is proposed in [5], for detection of mo-
tion patterns in dance movements, in the context of an interac-
tive dance system. In [6], a multimodal approach for classifi-
cation of Salsa dance movements is presented. The proposed
method fuses information from the 3D trajectories of body
joints and from the footstep impacts on the floor. In [7], the
authors approach the problem of classification of ballet moves
recorded with the Kinect sensor. Dance sequences are rep-
resented using the joint angle information of the legs, while
Nearest Neighbor and Support Vector Machine (SVM) clas-
sifiers are used for classification. Another approach for ballet
moves classification can be found in [8], where a deformable
model is introduced for the representation of the joint trajec-
tories obtained through motion capture.

Certain methods are also concerned with the recognition
of folk dances, which can be regarded as more relevant to our
problem. Such a method is presented in [9], where dance ges-
ture recognition of Bali traditional dances is performed. The
proposed approach employs a skeletal representation similar
to the one introduced in [3] for the motion data, while a lin-
guistics motivated method is used for classification. An ap-
proach for recognizing gestures in Indian classical dance us-
ing 3D coordinate data recorded with the Kinect sensor can
be found in [10]. Finally, a video-based method for recog-
nition of different Indian classical dances is proposed in [11].
According to it, each frame in a video sequence is represented
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in a hierarchical way, using a pose descriptor which is based
in the histogram of oriented optical flow. Classification of the
video data is subsequently performed using a SVM classifier.

In this paper, we study the problem of distinguishing be-
tween different folk dances recorded in video. We focus our
efforts on Greek folk dances, although the investigated ap-
proaches can be used for the recognition of such dances from
other countries or regions. Usually, folk dances exhibit a great
variability according to the region they originate from and
constitute an important part of a country’s cultural heritage.
In folk dances, old customs, aspects of everyday life, as well
as historic events are usually reflected.

Recognition of folk dances is a very challenging problem
in comparison to recognition of general activities, due to the
complexity and the particularities of this specific motion cat-
egory. This is particularly true for Greek folk dances. Often,
different folk dances consist of similar steps or have the same
rhythm. Furthermore, large intra-class variabilities are ob-
served. The tempo may change from slow to fast within the
same song across various performances of the same dance,
which strongly affects the execution style. In addition, the
dancers’ costumes may differ across performances. Finally,
further obstacles in the recognition task are introduced by oc-
clusions in dance recordings. These occlusions might occur
due to the fact that folk dances are often performed by a group
of dancers in circle (as is the case of Greek folk dances), or
due to the long skirts sometimes worn by female dancers, hid-
ing the feet movements.

The work we present here extends our previous work on
the folk dances recognition problem [12], by exploring alter-
native representations for the dance data and by considering
a more complex classification scenario, involving 13 differ-
ent classes instead of 5. In contrast to the majority of the
aforementioned methods, which are based on motion capture
data, our approach is based on video recordings. In order to
classify (Greek) folk dances, we explore a number of differ-
ent approaches. First, we apply the method proposed in [13]
for activity recognition, where a dense trajectory represen-
tation is combined with a Bag of Words (BoW) model and
SVMs for classification. This method was employed in our
previous work [12], and here it serves as a baseline. Sec-
ond, we adopt a representation for the video data based on
streaklines. Streaklines are borrowed from the fluid mechan-
ics field, where they have been used for modeling the flow
vector field. In [14], they were employed in order to model
the flow in crowded scenes, with application to crowd seg-
mentation and abnormal behavior detection. Following [14],
we apply the streakline representation to an activity recogni-
tion problem, namely folk dances recognition, and integrate it
into a BoW+SVMs classification scheme. Finally, we adopt
a Linear Dynamic Systems (LDS)-based representation along
with the Bag of Systems (BoS) model proposed in [15]. This
representation is further extended in a novel way, by com-
bining a dense trajectory-based feature descriptor. In the fol-
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lowing sections, the aforementioned methodologies for folk
dances recognition are discussed in more detail.

2. METHODS DESCRIPTION

2.1. Dense Trajectories and Bag of Words model

Dense trajectories ([16],[13]) have been proved very efficient
feature descriptors in human activity classification tasks.
Their calculation is performed by first densely sampling
points of the video at different spatial scales. The sampled
points located in video regions where motion occurs are
tracked on each spatial scale separately, using the informa-
tion from the dense optical flow field. A trajectory is formed
by points in successive frames: (P¢, Pii1, Piio, ..oy Pryr),
where L is the length of the trajectory. Consequently, each
trajectory is represented by a descriptor given by the follow-
ing formula:

APy, APyyq, ..., AP 1)
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where APy = (Py11 — Py) = (w4401 — ¢, Yea1 — Yz is the
displacement vector between two successive frames. Apart
from the aforementioned trajectories, the following additional
descriptors are calculated in the spatio-temporal volumes sur-
rounding each trajectory: Histogram of Oriented Gradients
(HOG), Histogram of Optical Flow (HOF), as well as Mo-
tion Boundary Histograms in horizontal (x) and vertical (y)
directions (MBHx and MBHy respectively).

The process described above results in the extraction of
five different descriptor types for each trajectory. Subse-
quently, a BoW model is constructed for each descriptor type
separately. The first step of the BoW construction is the cre-
ation of a codebook: by applying k-means clustering on the
features calculated for the training data, a set of K codewords
is obtained. Subsequently, a histogram of occurrences of each
codeword is calculated for a training video, by assigning each
feature vector of the video to the closest codeword. Using
the same procedure, a histogram for a test sequence can be
obtained. Once the training and testing histograms have been
calculated, classification is performed by means of a SVM
classifier. For the SVM classifier, a x2 kernel is selected,
given by the following formula:
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and A is a scaling factor, calculated as the mean of x? dis-
tances between all training samples.



2016 24th European Signal Processing Conference (EUSIPCO)

Fusion of the five histograms, corresponding to the differ-
ent descriptor types, is performed using two alternatives: first
we calculate separate kernels for each descriptor type and sub-
sequently add them. Second, the five different histograms are
concatenated in a feature vector and a single kernel is calcu-
lated.

2.2. Streaklines and Bag of Words model

Streaklines are commonly used in fluid mechanics and fluid
visualization in order to describe the flow fields. A streakline
is defined by the locations of all the fluid particles at a given
time that passed through a particular point [14]. Let us denote
with (2P (t),yP(t)) the position of a particle at time step ¢,
which was initialized at point p at time step (frame) i, where
1 = 1,2,...,t. We suppose that, at each time step, a new
particle is initialized at point p, therefore, (2F (2),y} (i) =
(2§ (0),y&(0)). The particle motion is calculated according
to:

2P (t+1) = 2P (t) + u(=zP(t), yF (t), 1)

P+ = (1) +o@POP 00,

where u and v are the (optical) flow components in the hori-
zontal and vertical direction, respectively. At each time step,
the particles are advected following the above equation, while
a new particle is initialized at each pixel. A streakline is,
therefore, formed by the positions at a specific time, of all
the particles that were initialized at the same pixel. More de-
tailed information on the streaklines calculation can be found
in [14].

If a video frame consists of N pixels, N streaklines will
be calculated at each frame. Since using the information
from all the frame’s streaklines results in increased comput-
ing time and storage demands, and given that only certain
regions in the frame contain information associated to the
depicted motion, only the streaklines in these regions were
selected. Specifically, we select the streaklines at regions of
size 10 x 10 surrounding the critical points of the optical
flow field. As critical points we considered the extrema of the
irrotational component of the optical flow field.

Using the aforementioned procedure, each video is repre-
sented by a set of streaklines and a BoW model is calculated,
as described in section 2.1. In more detail, k-means clus-
tering is applied on the streaklines from the training videos
and a codebook of K codewords is obtained. Subsequently,
a histogram of frequencies of occurrence of each codeword
is calculated for the training and test videos. Finally, the his-
tograms are classified using an SVM with a x? kernel.

2.3. Linear Dynamic Systems and Bag of Systems model

Linear Dynamic Systems (LDS) have been successfully used
in order to model dynamic textures [17], [15], as well as for
activity recognition [18], [19], [20]. In order to model the
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dance video data using LDSs, we followed the methodology
proposed in [15]. The main concept is to divide each video
into spatio-temporal volumes (cuboids) and model each one
by a LDS. Let us denote a spatio-temporal volume consisting
of F frames with {I(¢) € RP}{_ |, where p is the number of
pixels in each frame. The pixels intensity I(¢) of a frame ¢
can be modeled as a LDS:

z(t + 1) = Az(t) + Bv(?),

0 &)
I(t) = C° + Cz(t) + w(t),

where z € R" denotes the hidden state at ¢, matrix A € R™**"
models the dynamics of the state vector, matrix C € RP*"™
transforms the state vector to the system’s output, C° € RP
is the mean of the spatio-temporal volume, while w(t) ~
N(0,R) and Bv(¢) ~ N(0,Q) are the measurement and
the process noise, respectively. In the aforementioned equa-
tions, n denotes the order of the system. In order to identify
the parameters of the dynamical model for a specific spatio-
temporal video volume, the method proposed in [21] is em-
ployed, which uses a Principal Component Analysis (PCA)-
based approach. The LDS is finally represented by a tuple
M= (A,C).

Subsequently, a variate of the Bow model, called Bag of
Systems (BoS) model, is constructed. Similar to the BoW
model, the BoS represents a sample (video), using a his-
togram of occurrences of codewords from a codebook. Since
the LDS descriptors do not lie in a Euclidean space, the appli-
cation of common clustering techniques, such as the k-means,
is not straightforward. Therefore, in order to construct a code-
book from a training set of LDSs, a suitable distance metric
needs to be determined. To this end, the Martin distance
between two systems M7, M, is adopted, which is based on
the subspace angles between the two systems.

Let us denote with D € RT*T' the matrix of Martin dis-
tances between the LDSs , where T is the total number of
LDSs extracted from a training videos set. By applying Mul-
tidimensional Scaling (MDS) on matrix D, a mapping of the
data to a space of lower dimension, M € R, i=1,..,T
can be obtained, where d. denotes the dimensionality of
the low dimensional space. This mapping produces a set
of Euclidean low dimensional points, which approximately
preserve the distances in the original, non-Euclidean space,
i.e. the Martin distances between LDSs. Therefore, since the
low-dimensional space is Euclidean, k-means clustering can
be applied on the transformed data, and a set of K codewords
wi,i = 1,...,, K is determined. However, these codewords
do not correspond to any of the original LDSs and, due to
the application of MDS, there is not a mapping from the low
dimensional to the original space. In order to obtain LDS
codewords, such that the assignment of LDSs to codewords
is possible, training LDSs are chosen whose mapped points
lie closest to the cluster centers wy.

After the LDS codewords have been determined, each
video is represented by histogram of occurrences of the code-
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(a)

Fig. 1: Sample frames from different dances in our dataset: (a) Ramna, (b) Stankena, (c) Syrtos.

words h = {h1, ..., hx }. In more detail, each LDS of a video
is assigned to the closest codeword and, subsequently a his-
togram is calculated by counting the number of occurrences
of the codewords. Following the aforementioned process, we
calculate histograms for the training as well as for the testing
videos. For the classification of the histograms we employed
a multi-class SVM classifier with a y? kernel.

In the method described in [15], the video information
used is in the form of pixel intensity values. Apart from this
description, we also tested a novel variant that employed the
dense trajectories descriptors. In this case, each frame of a
spatio-temporal volume is represented by a set of dense tra-
jectories. Since the number of trajectories varies from frame
to frame, and in order to obtain a feature vector of constant
length for all the frames, we first construct a BoW model
for the dense trajectories, using the methodology described
in 2.1. In this way, each frame of a spatio-temporal volume is
described by the histogram of occurrences of the -trajectory
based- codewords. Subsequently, the LDSs are calculated
based on these histograms, using exactly the same procedure
as before. By modeling a video using the dense trajectory
descriptors instead of using all the pixel values of a frame,
we automatically select regions of interest, i.e., regions in the
video where motion is observed.

3. DATASET AND EXPERIMENTAL EVALUATION

The dataset we used in our experiments consists of 39 video
recordings (3 for each dance) from the following 13 different
Greek folk dances: Aloniotikos, Kori Eleni, Mpaintouskino,
Mpoufiko, Poustseno, Ramna, Sarakina, Stankena, Syrtos,
Tikfeskino, Tsourapia, Zavlitsena and Zaramo. Their dura-
tion varies between 1-2 min. From each dance, two videos
were used for training and one for testing. Therefore, the
training set consisted of 26 videos, while the testing of 13
videos. Several of the dances included in the dataset are
very similar to each other with regards to the rhythm and
steps they comprise of. Furthermore, they are performed in
a circle, which results in frequent occlusions. Finally, the
recordings for each different dance (class) are obtained from
different performances, meaning that the recorded conditions,
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(b)

()

i.e. background, lighting, camera motion, vary significantly
in the training and testing sets. These facts render the recog-
nition task particularly challenging, but also more realistic,
at the same time. Sample frames of the videos used in the
experiments are shown in Fig. 1, where the aforementioned
challenges of the recognition problem are obvious.

As far as the dense trajectories features are concerned, the
default length (equal to 15) produced optimal results. For
the length of the streaklines representation, we also experi-
mented with different values, and optimal results were ob-
tained for streaklines of length 20. In both dense trajecto-
ries and streaklines representations, the BoW models were
based on codebooks of 4000 words. For the implementation
of the LDS-based method we used the toolbox provided in
[22]. In the case the pixel values were used for the video de-
scription, spatio-temporal volumes of size 60 x 60 x 50 were
selected. In the case of dense trajectory-based description, the
five different descriptors were concatenated in a single vector
(of 426 elements) and a codebook of 4000 codewords was
selected for the BoW model. Furthermore, spatio-temporal
volumes of size 120 x 120 x 50 were used. The aforemen-
tioned sizes for the spatio-temporal volumes were determined
by trying different sizes and selecting the ones that yielded
the best classification performance. During the construction
of the Bag of Systems (BoS) model, different values in the
range [10, 300] were tested for the number of codewords K,
and an optimal performance was observed for 70 codewords.
For the multi-class SVM classifiers used by all the methods,
a 1-vs-all approach was adopted.

In Table 1, the classification rates for the different method-
ologies are presented. As can be observed, the streaklines and
the LDS-based methods achieved better performance than the
baseline dense trajectories method proposed in [12]. In the
case of LDS, the novel dense trajectory-based representation
of the data yielded an improved classification rate over the
standard pixel intensity-based approach.

4. CONCLUSIONS AND FUTURE WORK

In this paper we have studied the problem of recognizing dif-
ferent folk dances, with application in Greek dances. To this
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Table 1: Recognition rates for the proposed methods

Method Rate
Dense trajectories + BoW

(kernel addition) [12] 15.38%
Dense trajectories + BoW

(hist. concatenation) [12] 23.08%
Streaklines 38.46 %
LDS 30.77%
LDS + dense trajectories | 38.46%

end, we have employed different methodologies previously
used in generic activity recognition tasks, and performed ex-
periments in order to compare their performance. In a classi-
fication scenario consisting of 13 classes, the streaklines and
the LDS representations exhibited significantly better classi-
fication rates than the dense trajectories, which had been pre-
viously used for the Greek folk dance recognition problem
[12]. Although the obtained recognition rates are rather low,
one has to interpret them having in mind the increased chal-
lenges and complexity of folk dances recognition compared to
generic single-person activity recognition. Moreover, the re-
sults show that even state of the art approaches coming from
the field of human activity recognition are not very suitable
for (folk) dances recognition. Future work will target experi-
mentation on a larger dataset, design and experimental testing
of novel approaches tailored to this specific challenging prob-
lem, as well as incorporation of audio (music) information.
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