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ABSTRACT

Objective: The study draws attention to designing a dyskinesia assessment system using a Kinect sensor
to improve the efficiency of rehabilitation training. Methods: The login page design. Step 2: System functions
setting. Relevant movement guidance content and rehabilitation evaluation content are incorporated in
the system to make rehabilitation training efficient and orderly. Comprehensive data processing, evaluation,
and export functions are necessary to reference rehabilitation physicians in diagnosis and treatment. Step
3: System modules design. Based on the system settings, corresponding functional modules have been
designed and developed. With each module realizing its specific functions, it must be ensured that there is
a certain degree of correlation between the modules. Step 4: The system function framework design. Results:
A simple and comfortable login page is designed; 2. The system is capable of rehabilitation training and
data management; 3. Specifically designed modules include sports collection module, rehabilitation training
module, rehabilitation evaluation module, and information management module; 4. After logging in, the
patient should first search for the rehabilitation plan in the rehabilitation training function module and then
perform rehabilitation training regarding the rehabilitation plan. Kinect synchronously obtains patient sports
information throughout the training process, and patients can obtain rehabilitation assessment information
and automatically save it in the information management module. Conclusions: The Kinect-based dyskinesia
assessment and training system designed in this study can heighten the efficiency of rehabilitation training
for patients with dyskinesia, and it is highly suggested in clinical practice. Level of evidence II; Therapeutic
studies - investigation of treatment results.
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RESUMO

Objetivo: O estudo chama a aten¢do para o projeto de um sistema de avalia¢do de discinesia usando sensor
Kinect para melhorar a eficiéncia do treinamento de reabilitagdo. Métodos: O design da pdgina de login. Etapa 2:
configuragdo das fungoées do sistema. Contetido de orientacdo de movimento relevante e contetido de avaliagdo de
reabilitacdo sGo incorporados ao sistema para tornar o treinamento de reabilitagéo eficiente e ordenado. Funcées
abrangentes de processamento, avaliacao e exportagdo de dados sdo necessdrias para fornecer referéncia para
médicos de reabilitacgo em diagndstico e tratamento. Etapa 3: Projeto dos mddulos do sistema. Com base nas
configuracdes do sistema, os médulos funcionais correspondentes foram projetados e desenvolvidos. Com cada
mddulo realizando suas fungdes especificas, deve-se garantir que haja um certo grau de correlagdo entre os médulos.
Etapa 4: O design da estrutura de fun¢des do sistema. Resultados: Uma pdgina de login simples e confortdvel é pro-
jetada; 2. O sistema é capaz de treinamento de reabilitacdo e gerenciamento de dados, 3. Mddulos especificamente
projetados incluem mddulo de coleta de esportes, médulo de treinamento de reabilitacdo, mddulo de avalia¢do
de reabilitacdo e médulo de gerenciamento de informacdes; 4. Apds o login, o paciente deve primeiro pesquisar o
plano de reabilitacdo no médulo de fungdo de treinamento de reabilitacéo e, em seguida, realizar o treinamento de
reabilitacdo com referéncia ao plano de reabilitaggo. O Kinect obtém de forma sincrona informagoes sobre esportes
do paciente durante o processo de treinamento, e os pacientes podem obter informagées de avaliacéo de reabilitagéo
e salvd-las automaticamente no médulo de gerenciamento de informacées. Conclusdes: O sistema de avaliacdo e
treinamento de discinesia baseado no Kinect projetado neste estudo pode aumentar a eficiéncia do treinamento de
reabilitagdo para pacientes com discinesia, e é altamente sugerido na prdtica clinica. Nivel de evidéncia Il; Estudos
terapéuticos- investigacdo dos resultados do tratamento.

Descritores: Reabilitacdo,; Gestdo da informacdo; Discinesias.

RESUMEN

Objetivo: El estudio llama la atencion para el disefio de un sistema de evaluacion de la discinesia utilizando
el sensor Kinect para mejorar la eficiencia del entrenamiento de rehabilitacién. Métodos: Diseio de la pdgina de
inicio de sesidn. Paso 2: Configuracidn de las funciones del sistema. El contenido de la guia de movimiento relevante
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y el contenido de evaluacidn de la rehabilitacion se incorporan en el sistema para hacer que la capacitacidn en
rehabilitacién sea eficiente y ordenada. Las funciones integrales de procesamiento, evaluacién y exportacién de
datos son necesarias para proporcionar referencia a los médicos rehabilitadores en el diagndstico y el tratamien-
to. Paso 3: Diseno de los modulos del sistema. Sobre la base de la configuracion del sistema, se han disenado y
desarrollado los médulos funcionales correspondientes. Con cada mddulo realizando sus funciones especificas,
debe asequrarse que existe un cierto grado de correlacion entre los mddulos. Paso 4: El disefio del marco de la
funcién del sistema. Resultados: Se disefia una pdgina de inicio de sesién simple y cémoda; 2. El sistema es capaz
de entrenamiento en rehabilitacién y manejo de datos; 3. Los mddulos especificamente disenados incluyen el
mddulo de recoleccidn de deportes, el médulo de capacitacidn en rehabilitacion, el mddulo de evaluacion de
la rehabilitacion y el médulo de gestion de la informacion; 4. Después de iniciar sesion, el paciente debe buscar
primero el plan de rehabilitacién en el mdédulo de funcién de entrenamiento de rehabilitacion y luego realizar el
entrenamiento de rehabilitacion con referencia al plan de rehabilitacion. Kinect obtiene de forma sincrénica la
informacidn deportiva del paciente durante todo el proceso de entrenamiento, y los pacientes pueden obtener
informacidn sobre la evaluacidn de la rehabilitacion y guardarla automdticamente en el médulo de gestién de
informacidn. Conclusiones: El sistema de evaluacion y entrenamiento de discinesia basado en Kinect disefiado
en este estudio puede aumentar la eficiencia del entrenamiento de rehabilitacién para pacientes con discinesia, y
estd altamente recomendado en la prdctica clinica. Nivel de evidencia Il; Estudios terapéuticos- investigacion
de los resultados del tratamiento.

Descriptores: Rehabilitacion; Gestion de la informacidn; Discinesias.
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INTRODUCTION

Research background

With the development of economy, people’s living standard has
improved in recent years.! However, the number of in patients with dys-
kinesia increases rapidly due to various causes such as stroke, cerebral
thrombosis, accident injury, etc Clinical studies have found that the central
nervous system of the human brain has a strong of plasticity. After the
initial treatment, patients with sports disorders can recover slowly as long
as they recover repeatedly during the recovery period>* The traditional
and most common model of rehabilitation is a one-on-one rehabilitation.
Because the subjective judgment of the rehabilitation doctors plays an
important role in the evaluation of the training effect, there is a lack of
exercise data information®® that can objectively reflect the therapeutic
effect .In the field of rehabilitation medicine, virtual reality technology
and human-computer interaction technology are the focus of research.
The Kinect sensor developed by Microsoft is an advanced somatosensory
technology with the of speech and gesture recognition.”®

The basis and the importance of this research

Kinect sensor has a variety of functions such as collecting human
body motion information, voice recognition, gesture recognition, and
fusion of multiple discipline technologies. It has found broad applications
in the medical field resulting from its high potential social value.*'" If
Kinect sensor is applied to the dyskinesia assessment training system,
the patient’s rehabilitation training is not restricted by external factors
such as the activity site, indicating that the patient can carry out reha-
bilitation training conveniently in the family or the community. Further,
the patient’s exercise data information during the training process can
be displayed in a real-time manner.'?

Based on the comprehensive analysis of the previous sports rehabi-
litation system and the demands of dyskinesia patients, a Kinect-based
dyskinesia assessment training system is designed, which is not restricted
by external environmental factors.

METHODS

The login page design of the system strives to be simple and com-
fortable for the user’s daily operation. When the user uses the training
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evaluation system for the first time, he needs to register an ID and set a
login password. To input the ID account and the password is a premise
to log in and use the system normally every time.

System function settings

Rehabilitation training: due to various factors, patients have physical
dyskinesia with varying degrees. Repeated rehabilitation training will
help activate muscles, nerves, and other tissue, accelerating the reco-
very process of normal body functions. Therefore, this system focuses
on the patient’s experience to simplify the system operation interface
as much as possible to facilitate its daily use in the rehabilitation plan.
Relevant movement guidelines should be set to help patients to operate
in accordance with during rehabilitation training. Meanwhile, relevant
rehabilitation evaluation content needs to be included in the system,
so that training suggestions can be made according to the individual
training plans and training effects of different patients. Furthermore, the
rehabilitation training effects are updated in time to make rehabilitation
training more efficient and orderly.

Data management: except for personal factors, the rehabilitation
training is also inseparable from the correction guidance of the reha-
bilitation physicians so that the patients can carry out the following
rehabilitation training scientifically and effectively. For patients with
dyskinesia, rehabilitation training in the family or the community is
convenient. This relies on the advance formulation of a rehabilitation
plan and requires rehabilitation physicians to have an in-depth unders-
tanding of the patient’s condition and rehabilitation. On this basis, the
system needs to have complete data processing, evaluation, and export
functions. These intuitive data will provide reference for the diagnosis
and treatment of rehabilitation physicians.

System module design

Based on the system settings, corresponding functional modules have
been designed and developed. With each module realizing their specific
functions, it must be ensured that there is a certain degree of correlation
between the modules. The system is specifically divided into the following
functional modules, namely sports collection, rehabilitation training, reha-
bilitation evaluation, and information management module. Although
these modules differ in functions, they are inherently interconnected.
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System function framework

After logging in, the patient first searches for the rehabilitation
plan in the rehabilitation training function module, and then conducts
rehabilitation training by referring to the standard training movement
and videos in the rehabilitation plan. During the training process, Kinect
will synchronously obtain the patient’s movement data information,
and the patient can obtain the rehabilitation assessment information
which is automatically saved it in the information management module.

RESULTS

System login interface (Figure 1)

Rehabilitation training module

When the patient logs in and selects the rehabilitation training mod-
ule, the system interface will play the corresponding rehabilitation training
standard movement according to the established rehabilitation plan, and
the patient needs to make similar movement within the prescribed time
(909). If the time is beyond the prescribed time, the interface will show
that it has not been completed and needs to be trained again. If the
movement by the patient does not meet the standard, the movement
rehearsal is required until the movement reaches the standard (90%
similarity rate is considered standard). When the movement in a train-
ing plan is successfully completed, the interface will display the end of
training. Figure 4 is the flow chart of the rehabilitation training module.

Rehabilitation assessment module

When the patient logs in and selects the rehabilitation evaluation
module, the system interface will display a set of standard movement
videos, and the patient needs to act in accordance with the video si-
multaneously. During evaluation, the system will extract the key feature

Figure 1. System login page design.

Motion acquisition module

The event model is used to collect bone data information, and a call-
back function is added to the SkeletonFrameReady event by programming,
and the entered motion data information is calculated in the callback
function. All data information is acquired by the Kinect sensor and then
processed by the system. After the initial processing, the data will continue
to be transmitted to each functional module for secondary processing.
Figure 2 is the flow chart of the motion acquisition module. (Figure 3)

Figure 3. Motion acquisition module interface.

Figure 2. Flow chart of motion acquisition module.
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Figure 4. The flow chart of rehabilitation training module.

values of the training movement and the standard movement, and use
the DTW algorithm to calculate the similarity between the two selected
key feature values. During the training process, the interface will also
display the different joint movement angles of the standard movement
and the patient’s movement in the form of a line chart, helping the
patient to complete the training in a standardized manner. After all the
training movement is completed, the patient’s current rehabilitation
training report will be generated in the system in real time. As shown in
Figure 5, it is a schematic diagram of the joint movement angle of the
training movement and the standard movement. Figure 6 is the flow
chart of the rehabilitation assessment module.

Information Management Module

The system contains a large amount of data and information about
the patient’s rehabilitation training, such as basic patient informa-
tion, the completion of the rehabilitation plan, and the results of the

Figure 5. The joint movement angle of the standard movement and training movement.

Figure 6. The flow chart of rehabilitation evaluation module.
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rehabilitation evaluation. Hence, to realize the efficient management
of the information and facilitate the daily operation and use, the SQL
Server 2008 database server is used to manage the training data
information of patients with dyskinesia.

When a patient logs into the system for the first time, it is necessary
to create a user basic information statistical table Trainee Basic Inforna-
tion.dbo, which can save all the data information of the patient in the
rehabilitation training. Field name Traineeld, data type int, data meaning
is the ID of the user name; field name TraineeName, data type Nvar-
char(50), data meaning is user name; field name TrainingType, data type
Nvarchar(50), data meaning is the initial training movement; Field name
ActualTrainingTimes, data type int, data meaning is the total number
of training words; field name FinishedPercentage, data type float, data
meaning is the progress of the training plan; field name TrainingScore,
data type Nvarchar(50), data meaning is the most recent training results;
field name LastTrainingTime, data type Nvarchar(50), data meaning is
the time of the last training.

After the patient completes the rehabilitation training each time,
the user dynamic data statistics table Trainee Dynamic Data Table.
dbo needs to be created. This table is used to record and update
the patient’s completion of each rehabilitation training. Field Name
Traineeld, data type int, data meaning is the ID of the user name;
field name LoginName, data type Nvarchar(50), data meaning is user
login name; field name LoginPwd, data type Nvarchar(20), data mea-
ning is user login password; field name TrainineeGender. data type
Nvarchar(10), the data meaning is the patient’s gender; field name

TrainineeAge, data type int, the data meaning is the patient’s age; field
name TrainineeTel, data type Nvarchar(15), the data meaning is the
patient’s contact information; field name TrainineelniJoint, Data type
Nvarchar(50), data meaning is the patient’s initial training joint points;
field name TrainineelniMoint, data type Nvarchar(50), data meaning
is the patient’s initial training movement; field name TrainineeTimes,
data type int, data meaning is the number of patient training plans ;
Field name TrainineeSets, data type int, data meaning is the number
of training plan sets. (Figure 7)

DISCUSSION

We designed a Kinect-based dyskinesia assessment and training
system that combines Kinect somatosensory sensors with virtual reality
technology.”'* Through human-computer interaction technology to
collect real-time human motion data information, and carry out related
algorithm calculation, so that patients can easily carry out autonomous
rehabilitation training, obtain rehabilitation training evaluation results,
greatly improve the efficiency of rehabilitation.

In terms of information management, an information manage-
ment module is designed using SQL Server 2008 database server'
to manage the training data information. The system contains a large
amount of data information about the patient’s rehabilitation training,
such as basic patient information and rehabilitation plan information,
completion of the rehabilitation plan, and rehabilitation evaluation
results, realizing the efficient management of the information and
convenient for users’daily operations.

Figure 7. System function framework flowchart.
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CONCLUSION

Although the preset system functions are realized in this research, there
are still many shortcomings. The design for recording completion degree of
the patient is not perfect, and the optimal plan can be designed according
to the needs of different patients in the following research. What's more,
the rationality of the algorithm needs to be further verified to meet the
actual application requirements of this evaluation and training system.
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