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Dance Gesture Recognition Using Space
Component And Effort Component Of Laban
Movement Analysis
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Abstract: Dance is a collection of gestures that have many meanings. Dance is a culture that is owned by every country whose every movement has
beauty or meaning contained in the dance movement. One obstacle in the development of dance is to recognize dance moves. In the process of
recognizing dance movements one of them is information technology by recording motion data using the Kinect sensor, where the results of the
recording will produce a motion data format with the Biovision Hierarchy (BVH) file format. BVH motion data have position compositions (X, vy, z). The
results of the existing dance motion record will be extracted features using Laban Movement Analysis (LMA), where the LMA has four main components
namely Body, Shape, Space, and Effort. After extracting the features, quantization, normalization, and classification will be performed. Using Hidden
Markov Model (HMM). In this study using two LMA components, namely Space and Effort in extracting features in motion recognition patterns. From the
results of the test and the resulting accuracy is approaching 99% for dance motion data.

Index Terms: Dance, Movement, Laban Movement Analysis, Gesture, Hidden Markov Model, Motion Capture

1 INTRODUCTION

Dance is a movement that is very broad in various styles and
has many peculiarities [1]. Considering today, there are still
many people who do not understand the type of dance that
moves both classical and traditional dances and has the
meaning of each dance, so it needs a study of the introduction
of the type of dance motion attitude that can be used for
research in many other fields namely, learning and
assessment in [2-4] preserving the arts and culture of
Indonesia's assets. Research on introducing this type of dance
motion attitude receives more attention throughout the world
[2] and has a significant impact on our daily lives [3]. However,
the amount of research on the introduction of dance types is
still minimal. The introduction of dance movements that have
been carried out in previous studies includes classical Indian
dances [4], traditional Kazakh dances [3], traditional Greek
dances [1], Bharatanatyam dances [4] and dances [5]. An
introduction to the practice of dance moves is an expression
that means dancers of dance movements with different
attitudes [2]. Each type of dance is marked by the most
prominent or emphasizing the movements of body parts such
as hand movements, facial expressions, body, and head
movements [3-4]. The Wayang Golek Menak dance is a form
of transformation from the Menak shadow puppet show.
Where the Menak puppet is a puppet show that uses Serat
Menak as the source of the story [6]. Then Sultan
Hamengkubuwono X combined the puppet show with
classical Javanese dance, which was later named Beksa
Golek Menak or Menak dance [7].
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The purpose of this research is to detect and recognize the
type of dance in the puppet dance Golek Menak. Where the
Golek Menak puppet dance is generally divided into three
parts: Forward Gending (opening), Enjer (middle of a
conversation between dancers), and Closing (closing).
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Fig. 1. Jogetan Gesture
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Fig. 2. Sabetan Gesture
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In each part of the dance has a different type of gesture. The
types of gestures of Golek Menak dance include Sabetan,
Jogetan, Sahan Sahan, Ulap-Ulap, Muryani Busana, Sekah
Sekar, Pencak Silat, and War. This paper uses two types of
motion because it will be recognized (Figure 1 and Figure 2).

2 RELATED WORD

The beginning of the research process begins with the arrest
of the dance attitudes that exist in the Wayang Golek Menak
dance using a Kinect camera. Motion capture produces data
and position of the dancers' frame of motion. Wayang Golek
Menak dance data from the results of motion capture with the
Kinect sensor has three or more coordinate points (X, v, 2).
Kinect cameras are often used to capture human movements
[8] and dance [1], [2], [3], [9]. The introduction and
classification of Wayang Golek Menak dance types go through
two stages: 1) extracting features using Laban Movement
Analysis (LMA), and 2) dance classification using the Hidden
Markov Model (HMM). The combination of these two phases is
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expected to produce movement recognition and classification
of Jogetan attitudes and gestures with high accuracy.
Research on the introduction of dance movements is a
particular case of general recognition of human movements.
Therefore, many researchers use various methods and
techniques. One input device is the Kinect motion capture [10].
Kinect is an input device to detect the motion produced [11].
Kinect has an RGB camera facility [12] and a depth sensor
(depth sensor). The advantages of Kinect compared to other
devices that can capture and track movements or actions of
3D objects accurately [12], the price of Kinect is quite
affordable (cheap) [8], resistant to interference (non-intrusive)
and can work even if the lighting is lacking [12 ] But the Kinect
motion capture system requires distance calibration to capture
the correct object [15-16]. In this study, using a Kinect camera
calibration range of about 1.5 to 2 m. Kinect usually produces
a data frame consisting of 20 joints [5,14]. In this study,
skeleton data consisting of 18 joints were used. Kinect
provides detailed information about body parts, especially
those including hands and feet. At the classification stage,
researchers can use various classification methods such as K-
Means [3], Neural Network [17,18], Bayes Network [8], Hidden
Markov Model [3], Support Vector Machine or SVM [11,14]
Fuzzy [13], KNN [2,7], and others. In this study, using the
HMM classification for feature extraction, the Hidden Markov
Model to carry out the classification and introduction of
Wayang Golek Menak. Previous researchers used Hidden
Markov [3]. The HMM method for Kazakh dance gesture
gestures, based on the results of research obtained with an
introductory rate of 90.82%. HMM method (27 directions) to
recognize the results of 85% battle motion [14]. Researchers
use HMM to classify and identify types of data dance attitudes
based on skeletal movements in the form of time series and
dance recognition requires methods that can detect in all
directions.

2.1 Laban Movement Analysis

Rudolf Von Laban developed Laban Movement Analysis
(LMA) with the theory of motion notation. This development is
expected to help to discuss, document, and describe human
movements in recording dance choreography [18]. Laban
notation is not related to specific dance movements but refers
to natural human movements, and every change in the
movement must be symbolized using a labanotation score,
this is written in the form of vertical staff where each column
represents each part of the human body [21].

a A

i— .
|

Fig. 3. Laban Notation

Laban Movement Analysis (LMA) offers documentation with
the quality of dance movements produced in the same way as
professional dancers, research conducted by [20], using
motion analysis of the entire human body based on the
principles of the LMA which aims to identify the factors that
describe dancer's movements. LMA has four main
components, namely body, space, shape, and effort. The Body
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and space component is a kinematic system that describes
body changes in time and space, while Shape and Effort is a
non-kinematic system that provides qualitative aspects of the
movement. In this study, researchers focused on the LMA
component [19]. Space and effort component of each of the
two components produces a low accuracy, by combining the
two components the level of accuracy obtained is better. The
space component in the LMA interacts between the human
body and the surrounding space and has a differentiating
spatial pattern of direction and movement path by presenting a
description of the trajectory that arises from the movement
which results in different definitions in several aspects of
Labanotation [17], [22].

r—1
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From equation (1) it is known that is the number of frames and
is the position of the left / right hand in three-dimensional
space and is the connection of the hands in the frame. The
effort component in the LMA how the body focuses on how to
make movements with the dynamic quality of texture, feelings
to enable one's emotional state, and how energy is used for
each movement. The effort has four supporting sub-
components, namely: space, weight, time, and flow [22], [23].
de

i e (l)
Fon— B

dt

de? 2)
dt2

The effort is derived from the movement of the skeleton that
produces speed, the body component calculates all the
skeleton in the body by using the component body equation
and the derivation of the equation gets results for the
component effort.

2.2 Hidden Markov Model

The Markov chain is usually used to calculate the probability of
observable state sequences. However, there is a sequence
that wants to be known but cannot be observed. So to find out
the order, a new method is developed namely Hidden Markov
Chain or Hidden Markov Model (HMM) with cases where
observation is a probabilistic state function [15]. Hidden
Markov Model (HMM) is the learning of stochastic limited
automa and specific forms of dynamic Bayesian networks.
HMM consists of two stochastic processes. The first process is
a stochastic Markov chain which is characterized by transition
and state probabilities. Status on the outer chain is not visible,
in other words, hidden. The second stochastic process
produces observations of emissions at any time, depending on
the state probability distribution [16].

3 METHOD

In this study, using the puppet dance Golek Menak as the
object. The process of recording the motion capture of
Wayang Golek Menak dance begins with each type of dance
movement contained in the Wayang Golek Menak dance, one
by one the dance moves are performed by a professional
dancer. The dance motion data is captured (motion capture)
by the Kinect X-Box 360 sensor with a capture duration of 4-6
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seconds for each dance move.

Fig. 4. Flowchart recognition and classification Wayang Golek
Menak dance

The result is the capture of dance movements has the format
Biovision Hierarchy (* BVH) and then processed using the
Brekel Kinect V.0.50 software that aims to obtain position data
of the motion (skeleton, bones, and joints). Position data
consisting of X, y, z coordinates that have 61 joints (body
points), but only 12 significant joints are taken. In the
extraction process, only 12 joints will be taken consisting of 6
left joints and 6 right joints. Then by using HMM as a
guantization vector that will be used for the dance movement
classification process with the HMM method. Introduction to
flowchart and Golek Menak puppet dance classification can be
seen in Figure 4.

4 RESULT AND DISCUSSION

The results of the capture of Golek Menak dance movements
obtained from the Kinect sensor form the skeleton motion data
by having coordinates x, y, z. The types of wayang Golek
dances will be classified where the Sabetan and Jogetan
movements, each movement consists of 61 joints, of which 61
joints are to process data in order to discard incomplete data
(missing values) to get the joints main joints leaving 12 joints
including left / right-hand joints, left / right elbow joints, left /
right shoulder joints, left / right knee joints, left / right leg joints,
and left / right hip joints / right. The BVH skeletal structure is in
the form of dots and solid lines that show the movement of
bones and joints of the body. Each dance movement has
dominant joints standing, where the joints are the difference
between each other's dance movements. Based on the
capture of the Wayang Golek Menak dance movement, the
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recorded data of the dance movement lasts four to six
seconds and has 140 to 200 frames. In this study, using
Sabetan, Jogetan, Sembahar, Ulap and Pencak cues, which
have X, y, z coordinate points of each type of dance
movement, then the dominant movements will be performed
together with other movements. In this study, the left-hand
position was taken with different frames as shown in Table 1.

Table 1. Data of Sabetan and Jogetan Gestures

Sabetanl Jogetanl
Y Y

Frame x

-163.283
-163.361
-163.361

Z
648,93
-548.913
-548,913
-548,913
-548,913

1005776
100.6509
100.6509
-163.361 100.6509
-163.361 100.6509

............. up to 181 frame

7429397 -6
7429397 -6
7427061 -638.118
6
6

-134.813
-134.813

7423198
7423198
up to 142 frames..............

[ER YRR

In the introduction and classification of the Wayang Golek
Menak dance movement using the Hidden Markov Model
(HMM), through two training and testing processes. HMM
consists of phi, transition matrices, and matrix emissions. In
the dance movement model using HMM with two states and
fifteen observations that have 2x1 phi, 2x2 transition matrix
(state), and 2x15 emission matrix (state x observation) for 2
states (Figure 5).

e
= c ', - e

Fig. 5. Architectural model HMM with 2 states and 15
observation

Table 2. The result of Component Space Feature Extract

Joints Hand
Hand Left 10.8751
Hand Right 19.0014

In table 2 it can be seen that the results of calculations using
the component space equation described in the previous
chapter, the results of the space equation representing three-
dimensional space.

Table 3. The result of Component Effort Feature Extract

Joints Part 1 Part 2 Part 3
Left Foot 1.0086 67.3047 133.6009
Right foot 0.0423 0.0493 0.0562
Left hand 0.2625 67.4266 134.5907
Right hand 16.6660 66.9635 117.2610
Table 4. The result of Component Effort Feature Extract
Joints Part 1 Part 2 Part 3
Left Foot 132.5923 132.5923 132.5923
Right foot -0.0139 -0.0139 -0.0139
Left hand -134.3282 -134.3282 -134.3282
Right hand 100.5950 100.5950 100.5950

Tables 3 and 4 are the derivatives of the component body equation twice, the first derivative of acceleration, and the second

derivative of speed.
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Table 5. Normalization of Space Components

Joints Hand
Hand Left 0.5400
Hand Right 0.5702

Table 6. The result of Component Effort Feature Extract

Joints Part 1 Part 2 Part 3
Left Foot 0.5033 0.7498 0.9963
Right foot 0.4997 0.4997 0.4997
Left hand 0.5005 0.7502 1.0000
Right hand 0.5615 0.7485 0.9356

Table 7. The result of Component Effort Feature Extract

Joints Part 1 Part 2 Part 3
Left Foot 0.9926 0.9926 0.9926
Right foot 0.4995 0.4995 0.4995
Left hand 0 0 0
Right hand 0.8736 0.8736 0.8736

Normalization is used to normalize the results of space equations and effort derivatives must be normalized. The
component equations and effort derivatives because the value results of normalization can be seen in tables 5, 6, and 7.
generated by space components and effort derivatives is very  where each normalization result represents each component of
large, to get smaller results the results of the space component space and effort component.

Table 8. Results of Component Space Quantization and Effort Quantization
Acceleration Effort

1 2 3 4 5 6 7 8 9 10 11 12
G1{1} 9 9 12 16 8 10 12 10 12 15 9 13 16
G1{2} 11 11 9 12 16 9 10 12 9 12 16 9 13 16
G1{3} 10 6 1 16 1 1 1 1 9 16 1 9 16
G2{1} 9 10 9 8 9 9 9 13 16 9 12 16
G2{2} 3 4 1 1 1 1 1 9 16 1 9 16
G2{3} 10 10 9 11 14 8 8 8 9 13 16 8 12 15
G3{1} 9 10 9 12 16 8 8 8 9 13 16 9 12 15
G3{2} 10 9 9 9 9 12 16 9 13 16 9 13 16
G3{3} 10 12 15 8 9 9 9 13 16 9 12 16
G4{1} 9 12 16 8 10 12 10 12 15 9 13 16
G4{2} 9 10 8 9 9 8 8 9 12 13 13 9 13 16
G4{3} 11 12 9 12 16 9 10 12 9 12 16 9 13 16
G5{1} 4 1 1 9 16 1 9 16 1 9 16
G5{2} 10 8 8 12 16 9 12 16 9 12 16
G5{3} 9 10 9 12 16 8 8 8 9 13 16 9 12 15
Table 9. Component Speed Effort Quantization Results
Speed Effort
1 2 3 4 5 6 7 8 9 10 11 12

Gy 1 1 1 12 12 12 3 3 3 11

G2 1 1 1 11 11 11 2 2 2 1 1

Gi{} 1 1 1 1 1 1 1 1 1 1

G2{1} 9 9 9 9 9 9 1 1 1

G2{zp 1 1 1 1 1 1 1 1 1 16 16 16

G2{3} 13 13 13 8 8 8 1 1 1 2 2 2

G3{1} 16 16 16 8 8 8 1 1 1 14 14 14

G322 8 8 8 16 16 16 1 1 1 1 1 1

G3{3} 3 3 3 9 9 9 1 1 1 16 16 16
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Galy 1 1 1 12 12 12 3 3 3 1

G2y 8 8 8 9 9 9

Gazy 1 1 1 11 11 11

G5(1y 1 1 1 16 16 16 16 16 16 16 16 16
G52y 7 7 7 16 16 16 16 16 16 1 1 1

G53} 16 16 16 8 8

8 1 1 1 14 14 14

G1 is the first gesture namely Jogetan with three variants or
three people doing different movements, each gesture has
three variants so that each gesture is balanced with other
gestures. In table 8 and table 9, the acceleration and speed
data on effort aspect are presented. Get the results of integers,
guantization must be done on the results of the normalized
component of space and effort, quantization is done so that the
HMM method used is a discrete HMM that can only read
discrete numbers or integers, if the results of the BC equation

are still in the form of normalization then the HMM is not will
recognize the extracts of the space and effort component
features, therefore quantization must be carried out so that the
results of the space and effort component feature extracts can
be recognized by the HMM. If quantization has been carried
out, then the next step is to enter the training phase before
testing using HMM.

Table 10. HMM Gesture One Results

S2

0.1032

Subject S1
S1 0.8968
S2 0

1.0000

Table 11. HMM Gesture Two Results

S2

0.0428

Subject S1
S1 0.9572
S2 0

1.0000

Table 12. HMM Gesture Three Results

S2

0.0770

Subject S1
S1 0.9230
S2 0

1.0000

Table 13. HMM Gesture Four Results

S2

0.2221

Subject S1
S1 0.7779
S2 0

1.0000

Table 14. HMM Gesture Five Results

S2

0.0850

Subject S1
S1 0.9150
S2 0

1.0000

In this study initially using the 2x3 matrix because S2 was
forbidden to return to S1 but because the results obtained by
the 2x3 matrix were greater than the 2x2 matrix with S1 value
for itself valued at O, S1 to S2 was 1,0000, S2 for itself was
1,0000, and S2 to S1 has a value of 0. The results are seen in
the HMM process in tables 10, 11,12,13 and table 14. HMM
will look for the largest value to be stored in training before
testing the same movement, whether, during testing, the
movement being trained is the same as the movement being
tested.

Result

Fig. 6. Test Result

The results of the training using the HMM method and utilizing
the main components of the LMA are the space and effort
components, which are trained and tested using digital BVH
data, with five movements with three variants, each movement
will be tested whether the movement tested is the same as the
movement being trained, from Figure 6 showing some wrong
moves, especially in the jogetan movement, the error rate is
0.66666, in some movements such as Jogetan, Sabetan, and
Pencak there are no errors when tested with the same
movement, the average obtained from the whole movement
obtained a value of 0.8000, Only with two main components,
the results obtained are close to 0.90 accuracy.
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5 CONCLUSION

The conclusion obtained from this study is to utilize two LMA
components, namely Space and Effort. Space and Effort
component was developed to perform a feature extraction
process on the dance motion recording data before the dance
motion classification process was carried out. In the dance
motion training and test (BVH) of the dancers' data recording
results, the accuracy rate that gets close to 99% with only two
primary components of the 4 main components of the LMA,
namely Body, Space, Shape, and Effort. So it is recommended
in the future to use all major components of the LMA so that
the level of accuracy obtained is better. Dance moves are
used with a short duration of about + - 1 minute. The future
development of this research, if using dance moves with a
duration of more than 1 minute, how will the impact on the
accuracy of the recognition of motion.
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