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In the research of the human motion analysis, the characteristic move ments of the
human upper body are intensively investigated to be employed to many applications
such as signlanguage recognition, robot control and gait analysis for re habilitation. The
human upper body consists of many body parts such as both arms including fingers,
facialsand head movements. Previously, manyresearches proposed the use of various
sensors to record arm movements and the acquired data are used to train the
computerto understand the behaviouralmotion of arms movements by using various
algorithmic approaches. However, the current challenge is to increase the knowledge
level of the computational systems to re cognize gestural information containing inam
movements. The objectives of this research are to construct, derive and analyse the
arm movement's modelbased onthe concept ofontology. The gestural information is
investigated from characteristic features of arm movements. The knowledge of the
computational systems about gestural information is developed by describing the
characteristic features of arm movements in the form of the hierarchical network
model. The hierarchical network is defined as a structure containing characteristic
features placed in mathematical orders and have the relations among them. On the
otherhand, the concept of ontologyis proposedto model the characteristic features
network of armmovements. The scenario is called Knowledge-Based-Approach (KBA)
where relations among characteristic features are described. The high-speed motion
capture system is proposed to collect arm movements data in the experiments. The
successful of the proposed methodologies to model the arm movement could help
improve the accuracy of the intelligence systems to recognize gesturalinformation
containinginarmmovements forvarious digital applications inthe future.

Copyright © 2019 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

Previously, several approaches to recognize arm motions were proposed for the implementation
in the various digital applications [1-6]. Arm movements contain many physical quantities, and
modelling algorithms are required to form mathematical quantities from the available physical data
[7,8]. Furthermore, movements data obtained through the tracking devices are low level information
and it needs to be combined to produce high level semantic features information which can be used
to investigate various motion features [6]. Once arm movements data have been collected through
tracking devices, it needs to be analyzed for the systems to understand the behavior of the

39



Journal of Futuristic Biosciences and Biomedical Engineering
Volume 1, Issue 1 (2019) 39-44

characteristic arm features through various computational approaches. The conventional approach
to model arm movements is by using deterministic approach which is based on artificial intelligence
methods [9-12]. However, the performance of the proposed arm movement’s model could be
improved by using knowledge-based approaches.

The outline of this research paper is as follows. Section 1 describes the introduction of the
research. Section 2 discusses the proposed methodologies of the research works. Section 3 discusses
the expected contribution of the research and conclusions of this research is discussed in Section 4.

2. Methodology

The flow diagram of the proposed research methodologies is shown in Fig. 1. The research activity
is divided to a (a) Data Collection, (b) Extracting the characteristic features of arm movement, (c)
Similarity measure among the characteristic features, (d) Design a part-of-Relation based on the
similarity value and (e) Design the hierarchical structure model of the characteristic features and the
evaluation performance of the proposed methods through the recognition approach [13-15].
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Fig. 1. The flow diagram of the proposed research

In data collection activities, an Optical motion capture systems (MOCAP) which was availablein
the Bio-mechanics Laboratory, UniMAP was used to acquire motion data of the arm. Three optical
markers were placed at the position of the wrist, elbow and shoulder. Twenty subjects were selected
to perform 5 gestural movements (5 geometrical gestures). Each subject performs each geometrical
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gesture for 20 times. The collected data were used to model the ontological structure of arm
movements.

In extracting the characteristic features of arm movement activities, a signal processing approach
was used to extract features from the trajectories of the arm movements. A resampling algorithm
technique was employed, and the resampling points obtained were stored as the characteristic
features of the arm. The resampled points were used to model arm movements, which were based
on the ontological approach. A Lab View System Design Software is used to do the analysis.

To measure the similarity among the characteristic features (resampled points), a similarity
measure technique was to investigate the similarity value among the resampled points. The best
performance of the similarity measure method was selectedin order to be employed in this research.
The part-of-relation among the resampled points is investigated based on the measured similarity
value. A set theory approach will be used to define the relation based on the measured similarity
value.

To design the hierarchical structure of the characteristic features, the similarity values and its
relations were represented in the structure of hierarchy. This structure is defined as the model of
arm movements. The evaluation performance was conducted for the purpose of testing the accuracy
of the proposed arm movement’s model. The evaluation technique proposed is through the
recognition of the unknown gestural motion as input to the model.

3. Results
3.1 Experimental Environment Setup- Acquisition of Geometrical Gesture

Qualisys motion capture (MOCAP) was used to capture the movement of the subject’s right arm
while performing arm gesture. The original raw gestural data from motion capture consist of three
axis coordinates which were x-, y- and z- axes. These values represent the trajectories the of arm
movements. For the purpose of modelling ontological framework, 20 subjects were involved in the
experiments. In the preliminary experiments, a reflected marker was attached to the subject’s right
hand and the subjects were instructed to perform 5 geometrical gestures. Fig. 2 shows the
environment of the experiment and Fig. 3 shows a set of geometrical gestures used in the
experiments G = {Round, Square, Diamond, Triangle, Eight}.
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Fig. 2. The environment ofthe data coIIection experiment
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Fig. 3. Five geometrical gestures used in the experiments
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3.2 Pattern of Arm Movement Data

Fig. 4,5 and 6 show the arm trajectories while performing the gesture “#Eight” by the subjects
#1, #2 and #3. The blue, green and magenta lines show the position of x-, y- and z- axes, respectively.
The position of x- and z- axes change significantly in the movements, while the y-axis changes with
the smaller amount of movement. Additionally, y-axis represent the depth movement of the
trajectories. Due to nature of the selected gestures used in the experiments, which employ the 2-
dimensional space x- and z-axes, the y-axis is neglected in the further experiments.
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Fig. 4. Rightarm movementdataof x, y and z-axes when performing gesture “#Eight” by subject #1
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Fig. 5. Rightarm movementdataof x, y and z-axes when performing gesture “#Eight” by subject #2
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Fig. 6. Rightarm movement dataof x, y and z-axes when performing gesture “#Eight” by subject #3
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3.3 Similarities Among Repetition of Gestures

Fig. 7 shows the arm trajectories while performing the gesture “#Eight” by the subjects #1. The
trajectories show the position of z-axis. The trajectories produced has a similar pattern though it is
performed by the same subject with several repetitions. Due to the reason of reducing individuality
factors as shown from the Fig.7, a pattern recognition approach needs to be employed, thus could
possibly be increased the arm gesture recognition accuracy.
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Fig. 7. Rightarm movement data of z-axis when performing gesture “#Eight” by 5 times repetition

4. Conclusions

The research paper proposes the development of ontology based modelling of human arm
movement for the recognition of arm gestures. In the methodologies, several stages are proposed
started from the designing of experimental setup until the performance measurement of the systems
through the recognition of the gestures. In the preliminary studies, the experimental environments
are designed by using an optical motion capture systems. The acquired arm movement data showed
that the depth movements could be neglected due to the nature of the selected gestures. Moreover,
a pattern recognition approach or a pattern extraction technique is required to reduce the
individuality factor of the subject.
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