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Abstract - Recognition and interpretation of human activities
are very interesting and hot topics that are frequently studied in
the field of computer vision. Especially with the advent and
development of the Microsoft Kinect depth sensors, the expansion
of the study fieldhas gained momentum in the positive direction.
Thanks to RGBD cameras, which also provide depth information
in addition to the RGB image, researchers benefit from many
advantages in terms of privacy, accuracy and precision. In this
study, automatic segmentation of repeated 3D human activity is
proposed. A public dataset containing the repeated action
sequences are recorded using the RGBD camera. The action
sequence in this dataset includes similar and different action
information. In order to identify andlabel each action in sequence,
it isnecessary to perform the segmentation process. To be able to
perform a successful segmentation process, the data must be pre-
processed to remove noise. For this purpose, a total variation
based noise removal method is used. Human action recognition
and detailed error analysis can be performed through the
segments derived from the output of this work.
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I. INTRODUCTION

UMAN action recognition is a classification problem that

is studied in computer vision and pattern recognition fields
in order to automatically determine the performance exhibited
by human body [1]. With the identification of the exhibited
behaviors, many other useful applications such as video
surveillance, human computer interaction, digital assistant,
sports video analysis, games and health can be developed [2-6].
In the field of computer vision, human body joint information
can be obtained with RGB and RGB-D images [7]. Compared
to RGB cameras, RGB-D Cameras provide depth information
alongside RGB information, providing greater accuracy in
detecting human body joints [8]. Thanks to high-accurate
human body joint information, the success of classification
process is also increasing.

Studies in computer vision and pattern recognition have
gained momentum along with the advent of the Microsoft
Kinect which is low cost RGB-D camera [9]. Thanks to the
advantages of Microsoft Kinect, action recognition is very
popular in the field, but it brings with it some problems. When

joint positions are determined, sensor distortions and noise-
induced distortions can occur [10]. These distortions can lead
to serious errors in the process of motion recognition and
interpretation. Various methods are used in the pre-processing
step to prevent these distortions for real datasets [11].

There are human action sequences that contain information
on different motion sets that are repeated within the problem set
studied in the motion recognition field [12]. Particularly, it is
possible to carry out the interpretation process by making the
temporal segmentation of the action which has the movement
belonging to more than one class. With the temporal
segmentation, a computational model of action is created by
revealing the basic components of action [13]. These basic
components uncover the primitives of action in the
unsupervised learning step. With the labeling of these
primitives, information aboutthe action can be given to people
without the need for a learning set.

Human movement and motion primitives are repeated many
times in human action applications such as computer games and
exercise applications [14]. A number of methods have been
proposed to identify temporal segmentation by identifying
recurrent parts [12-14]. The Zero Velocity Crossing (ZVC)
method uses the angular velocities of the joints to reveal motion
segments that form a complex motion set [15]. Due to the high
precision it is extremely sensitive to noise. A multi-dimensional
segmentation method has also been proposed to decompose the
motion into a simple linear dynamic model sequence [18]. In
addition, there are different segmentation methods based on
principal component analysis (PCA) to distinguish one
movement region from the other [17].The segmentinformation
obtained from these studies can perform motion recognition
using various classification methods (HMM, Cascaded
correlation-based classifier) [16, 17]. In order to use these
methods, a significant amount of training data is required.

In this study, unsupervised labeling of motion primitives was
performed on a real data set containing different actions. The
noise in sensordata was removed using a total variation based
denoising method. Subsequently, the segments forming the
action are identified and tagged according to the joint groups.
The data set obtained with Microsoft Kinect is used as the
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source data. In addition, the Unity3D game engine is used for
visualization.

Il. METHODS

This section explains that methods which are used to
segmentation and labelling for human action sequences. Total
variation based Sparsity Driven Despeckling is used to
denoising. The other method, The Sliding Window Method is
used to segmentation for multi-dimensional motion sequences.

A.Total Variation Based Noise Filtering

One of the important steps in the success ofthis study is the
need for noise filtering to improve the quality of the data. Noise
reduction is used as a pre-processing step to smooth
homogeneous regions while preserving important features of
the signal. In this study, an adaptation of the Sparsity Driven
Despeckling (SDD) algorithm [19], which was based on total
variation and previously defined for use on images, is used that
operates on one-dimensional signals. Because SDD offers an
approach that allows it to be used with one parameter and
provides better noise reduction with shorter execution time
compared to other methods. The noise reduction on our signal
data is defined as the optimization problem as follows:

F=arg rri_in](F) @)

where the cost function J(F) is defined as in below and ourgoal
is to optimize by F.

1(F) @
= Z(Fp - Gp)
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where G is the noisy signal, F is the denoised signal, p is the
index number of data in the signal, A is the smoothing level, f
is the norm value applied with TV regularization, and A(x, f)
is exponentiation operator for obtaining lo-norm when f = 0
defined as

A, f)
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otherwise

The first term in the cost function refers to the fidelity term
which ensures F to be similar to G. The second term is a TV
regularization term, which provides penalties on the changes in
the signal gradients. In this formula, lo-norm is obtained when
f =0, l1-norm is obtained when f = 1, and fractional normis
obtained when 0 < f <1, where they all induce a sparse
solution.

B.The Sliding Window Method
The sliding windows approach is one of the most commonly
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used methods for time series segmentation in the fields of
machine learning and pattern recognition [20]. This algorithm
is developed for separating the best possible sections starting
from the first element to the last element of the time series. By
selecting the first element of the partition, it tries to create the
longest possible subsequence by adding the incoming partition
to the right side in the time series. When the error value at some
points reaches a value higher than the user defined error, the
partition is terminated and the new partition is created. The
element exceeding the error value is determined as the first
element of the new segment. By setting the position of the
marker, the process repeats all the time series until a partial
linear approach is reached. The pseudo code of the algorithm is
given in Fig. 1.

Algorithm 1 Sliding Windows Algorithm

1: procedure SEGMENTS=SLIDING _WINDOWS(datas, maz_error)
2 position = 1
3 while Not Finished Segmenting do
4 i=2
while Calculate_Evror(datas[position : position + i]) < mazx_error do
G: i=i+1;

end while

8: Segments = Add(Segments, datas[position : position + i — 1])
9: position = position + 1

10: end while

11: return Segments

12: end procedure

Figure 1: The pseudo code of sliding windows method.

Ill. EXPERIMENTALSTUDY

In this study, basic primitive extraction and labeling were
performed for real dataset. Dataset includes long motion
sequences and different classes of motion. It has been recorded
using the Microsoft Kinect depth sensor. The block diagram of
the systemis shown in Fig. 2.
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Figure 2. The block diagram of proposed approach.

User performance is recorded in skeleton data format using
depth sensor. Denoising is performed in order to minimize the
error value of the human skeleton data information caused by
the sensor or other sources. It is divided into sub-segments by
the sliding windows algorithm on the denoised skeleton
information. Parts of each body joint are examined on a group
basis to reveal segments ofthe body part performing the action.
As a final step, the operation of the systemis completed with
the labelling of these segments as unsupervised.
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A.Dataset

In this study, we used real dataset which included some errors
recorded by Microsoft Kinect. Each action sequence in the
dataset contains 5 sub action sequences of 8 aggressive
movements (punch kick, etc.). Each movement was performed
by 12 different people. Example postures for sample motion
sequenceare given in Fig. 3.
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Figure 3. Eikamp le of motion sequehce for dataset

B.Segmentation

In dataset, joint location information of each joint is stored
according to time. The 3D position information of the joint i in
the frame t is stored as P* =< x!,yf, z} >. The displacement
information of the joint is calculated as in eq. 4. This feature
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information is used for segmentation, including the variation of
each joint onthe axes depending on the time.

Dit — Pit—l _ Pit (4)

When sliding windows method is applied on each axis
changes for each joint, the segments in Fig. 4 will be obtained.
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Figure 4. An example segments for joint 8 (Right Arm).

S = {Fk, F]-} contains segment information includes start
and end frames for joint i. For sensitivity, error value was
selected relatively small (0.01). Because the segment change
direction specifies the movement direction of the joint, the
segments belong the same action direction are merged. If the
amount of total change of the segment is greater than the
determined threshold value (0.2), it is important section for
given sequence. Otherwise, it is labelled as random or
insignificant changes. More meaningful segment layout is
shown in Fig. 5 when the segments are arranged.
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Figure 5. An organized segments for joint 8 (Right Arm).

C.Grouping

There are 20 human joint location recorded by the Microsoft
depth sensor. Rather than treating these joint locations
individually, grouping can be more efficient. The actions taken
by the joints at this point can be more meaningful and there is a
possibility to use a simpler language for error indication
labeling. The body is divided into 5 basic parts (torso, rightarm,
left arm, right leg and left leg) when grouping according to joint
location. Each part of body has four joints information. When
the segment information of the joints in the group is examined
observed tendency to act together behavior is observed. When
segment information is calculated with the weight of each joint
value having same tendency, the view in Fig. 6 is obtained.

Figure 6. Group segment sequence for example data

D.Labelling

Labeling process can be done using segments which constitutes
motion sequence. The visual representation of the changes
occurring during the movement of the Right Arm is given in
Fig. 7 (label 7, 8, 9 denotethe X, Y, Z plane, respectively.). As
can be seen in the Fig. 7, the person firstly lifts the right arm,
then brings it to the left and forward, then brings it back to the
right and back. Therefore, the basic components of the
movement performed by the person are revealed on a group
basis. Fig. 8 shows the change in movement over all groups.
The first two segments clearly indicate that the person raised

their hands to up.
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Figure 8. An example of actionlet sequence for full body

Visual presentation with

labelling when implemented

to

Unity3D game engine is shown in Fig. 9. The labels are shown
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on the screen when the motion is being performed. If there is no
movement orif it is meaningless, The Message "No Movement"
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is shown. The joints of the same body region are represented by
the same color.
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IV. CONCLUSION

In this study, segmentation and labeling were performed on the
real dataset which is recorded by the Microsoft Kinect depth
sensor. Noise within motion information is reduced using the
adaptation of SDD method. Then, the windows sliding
approach is implemented for segmentation on motion
sequences. Motion primitives have been obtained using
segment information. Then, Motion primitives have been
grouped according to relevant body parts. Labelling is utilized
to this groups of motion primitives. These features represent
action sequence.
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