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The methodologies used by the different approaches presented in the area of HAR

applied to our dataset made possible to realize that for the purpose of identifying the

movements of taekwondo athletes the best result was obtained with convolution

layers models. This fact may be related to the spatial features of the data used in

this study. Both methods, CNN+LSTM and ConvLSTM, managed to get results

above 90% on accuracy validation. On the other hand, the results obtained by the

LSTM method, where the spatial features are not considered, were inferior.
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Taekwondo martial art emerged in Korea became an Olympic sport in the

Sydney 2000 Olympic Games. The evaluation of Taekwondo athletes’

performance is still carried out by traditional methods. Assessing the

performance of athletes is a complex and difficult task in any sport. In order to

assist this task, studies have been carried out, where systems were developed

evaluation allows to obtain relevant information of the athlete’s performance

like velocity, acceleration, force, displacement, among other features [1] [2] [3]

[4]. For that, motion analysis techniques were used in the practice of sport to

assist in this task.

The presented project intends to design a system for identifying and

quantifying the movements performed by taekwondo athletes during training

sessions using deep learning methodologies applied to the data collected from

the taekwondo athletes' movements in real time. This project allows a new

methodology for evaluating performance in Taekwondo training.

The presented project aims to contribute with a technological solution that

allows the assessment of the performance of Taekwondo athletes in real time

during training sessions. Thus, a system was developed to collect and process

data on the movements performed by Taekwondo athletes (figure 1).

The system is composed by a 3D camera, a software, a computer and

Inertial Measurement Units (IMUs). As 3D camera it was used the Orbbec

Astra, the software was developed from scratch according to the established

requirements and as IMUs was used the GY 521 MPU 6050 which is a three-

axis gyroscope and acceleration module together with Wemos D1 mini - a Wi-

Fi board based on ESP-8266 for data processing and transmission (figure 3).

Fig. 1 Framework structure components.

Fig. 3 : Motion sensors system architecture diagram and container

Abstract:

Assessing athletes' performance is a constant challenge for coaches. Taekwondo methods of evaluation used are

mainly manual. Research in motion analysis area has enabled the development of affordable and easy to access

technological solutions. This study presents a friendly and low-cost system for assessing the performance of

Taekwondo athletes in real time. Thus, the system uses a 3D camera with depth sensor, a computer, a software

developed for data collection and processing and Inertial Measurement Units (IMUs). Aiming to identify and quantify

the movements performed by the athlete during training sessions using deep learning techniques applied to the data

collected in real time. Several approaches and methodologies were tested along with a dataset previously developed

in order to define which one presents the best results. It was concluded that the best results were obtained with

convolution layers models, such as, CNN, LSTM and ConvLSTM, with more than 90% in terms of accuracy validation.

For a proper functioning of the system, the IMUs will have to be positioned on the

extremities of the upper and lower limbs, hands and feet. In order to be possible,

containers were designed and built for the components in order to fix them in the

athletes in a comfortable and non-evasive way (figure 3).

The Human Action Recognition (HAR) is a process of identifying, analysing and

interpreting which kind of actions a person is taking. Allowing to understand how it is

possible to categorize movements/actions of the human body. As a human action

recognition specific study area there is the skeleton-based action recognition that

uses the data obtained of the human joints placed in a three-dimensional

environment to perform motion recognition.

The developed dataset with information about the Taekwondo athletes’

movements is used for training deep learning classification methods [3]. The

obtained dataset consists of eight classes, where each class represents a different

technique/movement performed by the athlete. In figure 4 it is possible to view the

raw data along a sequence of 80 samples for the Left Ankle joint movement, in x, y,

z coordinates, respectively.

Several deep learning methodologies (CNN, LSTM, ConvLSTM, CNN+LSTM,

GNC) were tested with the dataset of the athletes' movements in order to establish

which one presents the best results for the specifics of the system.

Fig. 2 : Deep learning methods testing system diagram [3]

In order to identify and quantify the movements performed by Taekwondo

athletes during training sessions, motion analysis is performed according to

skeleton-based action recognition, through deep learning methodologies

(figure 2).

Fig. 4 : Raw data from Left Ankle Joint


