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Design of a DSLM-based cerebral palsy action rehabilitation training system®
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Abstract

Based on domain specified language mechanism ( DSLM) , the architecture of the robotic train-
ing system for the rehabilitation of children with cerebral palsy (CP) is designed. Application of hu-
man-computer interaction ( HCI) motion recognition technology is combined with Kinect to improve
the effect of cerebral palsy rehabilitation training. In this system, Kinect’ s bone recognition method
is used to judge the patient’ s training movements, and the collected bone movement information is
judged. The human-computer interaction function is based on the Microsoft foundation classes func-
tion of Visual Studio based on DSLM development, which can realize real-time interactive training
and evaluation of people and actions, and record the training information of patients. The system
combines the designed small game to train the upper limb movement ability and reaction ability of
the cerebral palsy patient, and provides key technology for improving the cerebral palsy rehabilita-

tion training system.

Key words: domain specified language mechanism ( DSLLM) , robot-assistant system, human-
computer interaction ( HCI), cerebral palsy rehabilitation training

0 Introduction

Cerebral palsy (CP) is the most common and
most serious disease in children, which can cause vari-
ous obstacles in exercise, posture, language, hearing,
vision and intelligence''’. Since the exercise, lan-
guage, and intelligence of the child can only reach the
level of normal people through rehabilitation training,
the earlier the child with cerebral palsy takes care in-
tervention, the better the rehabilitation effect is.

After being introduced, Kinect has the advantages
of high resolution and low cost of shooting depth maps,
and has been applied in the field of sports rehabilita-
tion' >

Combined with Kinect design, a robot-assisted
cerebral palsy rehabilitation training system is designed

to assist rehabilitation therapists, simplify the tradition-
al one-to-one heavy process, and inspire children to
actively participate in training through interactive
means, thus enhancing their communication ability,
recognizing ability, limb function, hand-eye coordina-
tion and cognitive level.

Ding et al”®’ proposed an upper limb virtual reha-
bilitation system based on Kinect interaction, devel-
oped the action library for patients with upper limb dys-
function, and set up the scene for different rehabilita-
tion actions.

Based on Kinect a cerebral palsy rehabilitation
training system was designed in the action interaction
mode in Ref. [6]. Three groups of rehabilitation exer-
cises were designed for the rehabilitation of patients
with quadriplegia and cerebral palsy.

Based on the domain specified language mecha-
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nism ( DSLM ) design for the cerebral palsy rehabilita-
tion robot assisted training system, this study uses Ki-
nect to design the upper limb training system for pa-
tients with spastic cerebral palsy and improve the
ability of patients to coordinate their limbs.

1 DSLM-based system architecture design

Domain specified language (DSL) is a computer
programming language with limited expressiveness for a
certain field"”’.
tion, due to the inconsistent language model of users

In the early stage of system construc-

and builders, it is difficult to collect requirements,
which requires solving the problem through domain pro-
fessional language.

Designing this system requires identifying the re-
habilitation actions one by one and grouping the differ-
ent actions into corresponding training combinations.
In contact with the rehabilitation teacher for the corre-
sponding training needs. The system is designed to un-
derstand different rehabilitation actions, perform differ-
ent motion recognition for different actions, and plan a
set of actions into a group of training to facilitate the
training operation of the rehabilitation teacher. In this
system, there are free activity training and upper limb
training. The free activity training includes 4 move-
ments of moving left and right, jumping up and down,
and the upper limb training is a clap game consisting of
3 movements. The following mainly introduces the de-
sign of the upper limb training system.

2 Design of DSLM-based action training
system

Aiming at the poor limb ability and uncoordinated
movement of patients with spastic cerebral palsy, an
action training system based on DSLM is designed. The
color camera and infrared depth camera are used to
collect the action position of the child, and draw the
obtained data into thebody skeleton map to achieve
bone tracking'®'. Next, the action is identified by geo-
metric algorithm matching to determine whether the ac-
tion is up to standard. During patient movement train-
ing, the system evaluates each movement and saves
training records. After completion of the training, ther-
apists record data to provide targeted supplementary
motor motion correction and rehabilitation. The system
architecture is shown in Fig. 1. Fig.2 is the system
physical map.

The experimental platform consists of 2 parts, the
Kinect sensor and the PC. Kinect V2 is a 3D somato-

sensory camera with image recognition, instant motion

capture, voice recognition, microphone input, and
community interaction.

Character
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Save bone
frame image
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Fig.1 System architecture diagram

Fig.2 System physical map

The overall structure of Kinect V2 is shown in Fig. 3.
One is an RGB camera, which can capture up to 30
frames per second, and the other is a 3D device con-
sisting of an infrared emitter and an infrared camera.

1 is used to collect

The structured light depth sensor
depth data and detect the relative position of the pa-
tient. Compared with Kinect V1, Kinect V2 has higher
precision in color image and depth image. It can get
more user postures and more joint points for users. Iis

detection range is wider and the angle is wider.

Fig.3 Kinect V2 hardware diagram

For the PC, the main software platform Visual
Studio 2013 is the Windows platform application devel-
opment environment; Kinect for Windows SDK 2. 0,
which enables developers to use Kinect as an input de-
vice and develop various applications; and OpenCV3.0
as a cross-platform computer vision library, running on
the Windows operating system.

Skeletal motion recognition uses the skeletal image
generated by Kinect. Kinect obtains the depth image of

110 and distin-

the subject through the infrared camera
guishes the human body from the environment from the

depth image. After completing the division of various
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parts of the body, according to the traced each joint
point generates a human skeleton model containing
3-dimensional information of various joints of the body,
thereby displaying a human skeleton image, as shown

in Fig. 4.

Skeletal
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Depth Human body
bone joints

image contour 3

-

Fig.4 Human skeleton model building process

The skeletal model'"" is set up based on the char-
acteristics of the human body. Kinect can track 25
bone joints, obtain bone frame data from the bone data
stream, and set a smoothing function to correct the
joint point jitter. After the conversion of world coordi-
nates to image coordinates, it is displayed on the
screen.

The recognition method of the action is mainly
based on geometric algorithm matching. For the corre-
sponding training action, the distance or angle between
the joint points is calculated by acquiring the coordi-
nate position information of one or more joint points in
the space, and the threshold value is compared to
quickly match the identified actions. The person faces
Kinect, and the right direction is the positive direction
of the x-axis, the upward direction is the positive di-
rection of the y-axis, and the backward direction is the
positive direction of the z-axis.

Calculate the distance between joint point A (x,,

Y., z,) and B (x,, y,, z,) as follows;

dyp = «/(xl _xz)z + (y, _y2)2 + (z —22)2
When calculating the angle between 3 joint

points, the space vector method can be used to calcu-
late the joint angle. To use the vector, one need to
map the Kinect coordinate system to the mathematical
coordinate system. The coordinate points A(x,, y,,
z,) and B(%,, ¥,, 2,) that are not coincident on the
Kinect coordinate system are converted to the mathe-
matical coordinate system. On the composition vector
AB, the conversion formula is as follows:

AB = (% =%, %, = Y1, & — %)

With the transformation formula, shoulder joint
S(Sx, Sy, Sz), elbow joint E(Ex, Ey, Ez) and hand
joint H( Hx, Hy, Hz) are used to calculate the angle of
the elbow joint, one can directly use the space vector.
The calculation of the angle between ES and EH is as
follows ;

a8

Eﬁ}: (Sx — Ex, Sy — Ey, Ez - Sz)

EH = (Sx — Hx, Sy - Hy, Hz — Sz)

— —
ES - EH
—_——
| ESI| EH |

cosf =

3 Training action recognition design

In order to train the upper limb mobility of the
sputum type patient, combined with the training re-
quirements of the therapist, the following 3 movements
are designed, namely, the arms lift action, the arms
crossed action, and the arms held flat action. The fol-
lowing 3 different actions are identified and designed.

1) Arm liftaction

The arm lift action is shown in Fig.5. When rec-
ognizing the arm lift action, the coordinate information
of the 4 joint points of the left and right shoulders and
the right and left hands is selected. When the arm is
lifted, the distance between the shoulder joint and the
hand joint on the y-axis, that is, the height is set to be
greater than the threshold value of 0.2 m, while the
distance between the shoulder joint and the hand joint
on the x-axis, that is, the level is less than the thresh-
old value of 0. 15 m.

Fig.5 Arm lift action

2) Arm crossed action

The arm crossed action is shown in Fig. 6. When
recognizing the arm crossed action, the coordinate in-
formation of the 6 joint points of the left and right
shoulders, the left and right elbows, and the left and
right hands is selected. When the upper limb is in a
cross-lift state, the action can be judged according to
the angle between the arm and the arm. When the an-
gle is less than 80 °, and the distance between the
shoulder joint, the hand joint and the elbow joint on the

Fig.6 Arm crossed action
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z-axis, that is, the level is less than 0.05 m, the rec-
ognition action is judged, and the distance between the
right and left hand joints needs to be limited to less
than 0. 05 m.

3) Arm held flat action

The arm held flat action is shown in Fig. 7. When
recognizing the arm held flat action, the coordinate in-
formation of the 6 joint points of the left and right
shoulders, the left and right elbows, and the left and
right hands is also selected. When the arm is lifted in
front, the distance between the shoulder joint and the
hand joint on the z-axis, that is, the depth is set to be
greater than the threshold value of 0.15 m, and the
distance between the shoulder joint and the hand joint
on the y-axis, that is, the height is less than the
threshold value of 0.05 m, and the elbow joint angle is
greater than 145 ° to determine the double upper limb
lifting action.

Fig.7 Arm held flat action

4 Human-computer interaction system de-
sign

The human-computer interaction ( HCI) system is
developed based on the MFM function module of Visual
Studio in DSLM. In the test process, it assists in jud-
ging whether the subject’ s upper limb training action is
correct or not, and records the patient’ s training infor-
mation. Fig. 8 is the human-computer interaction inter-
face.
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Fig.8 Human-computer interaction interface

Before starting the training, one need to see the
address where the bone frame map is saved. When the
subject is in the proper position, choose upper limb
training or mobile training. The depth frame and the
skeleton frame display the training image of the subject
in real time. When the motion is recognized, the mo-
tion skeleton map is automatically saved to the selected
one. In the folder, and in the edit box, the action is
successful and the skeleton frame is saved. When a
group of training is completed and another group of ac-
tion training is required, the dot refresh will clear the
edit box to facilitate data reading and recording.

After the system design is completed, test the sys-
tem. The following 3 tests are performed separately.
Fig.9 and Fig. 10 are test results of the arms lift ac-

tion.

Cor P e Lrthdtion reat Sagios
_z [
STt Uued The HATR Mt m

=~

P I Tt (e

\sow it Saers | et

e o Ve iyt [Rpae— s s ==

Fig.10 Arm lift action test

Fig. 11 and Fig. 12 are test results of the arms
crossed action.

Fig.11 Arm crossed physical map
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Fig.12 Arm crossed action test

Fig. 13 and Fig. 14 are test results of the arms
held flat action.
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Fig.14 Arm held flat action test

Fig. 15 shows the skeleton frame saved during the
test action.

1595 skeleton 3 443 skeleton 4763 skeleton
Fig.15 Skeleton frame saved during the test action

S System performance evaluation

According to investigations and studies, patients
with spastic cerebral palsy have decreased limb flexi-
bility, increased joint stiffness, and their muscle
strength cannot be fully exerted. Excessive flexor refle-

xes often occur, mainly due to impaired basic functions
such as reaching, grasping, and releasing in daily
life' ™).

movements, the cerebral palsy of the child is active in

Designing a clap game consisting of these 3

the shoulder, elbow, wrist and metacarpophalangeal

14) | regulating muscle contraction

joints during exercise
and improving arm coordination and flexibility.

When training a group of actions, the action 10
group is a cycle, and the training effect is judged ac-
cording to the time required to complete a set of ac-
tions, and the time is calculated according to the saved
number of bone frame frames.

Case A male patient is 7 years old, with a clini-
cal diagnosis of spastic cerebral palsy. Symptoms main-
ly include difficulty in movement of the hand limbs,
poor grip ability, good communication ability, and long
concentration of attention.

A total of 10 tests were performed in groups of 3
actions, and the resulis of each test are shown in Table

1.

Table 1

Action recognition time (s)

Robot parameters

Frequenc . Arm Arm
! ' Aoy, 1 crossed held flat Total
1 8.3 9.8 14.7 32.8
2 7.1 8.9 13.5 29.5
3 8.6 9.1 15.2 32.9
4 7.8 8.6 13.7 30.1
5 9.4 7.6 12.6 29.6
6 6.7 7.4 13.1 27.2
7 5.3 8.1 12.9 26.3
8 6.1 7.6 12.1 25.8
9 5.2 7.8 11.6 24.6
10 6.4 7.4 12.3 26.1

According to the time of each recognition of the
training action and the time required to complete a set
of actions, the time change diagram required for the 3
actions of the cerebral palsy in training 10 groups can

be drawn as shown in Fig. 16, Fig. 17 and Fig. 18.

10

Time(s)
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1 2 3 4 5 6 7 8 9 10
Number of training

Fig.16 Time change diagram of arm lift



HIGH TECHNOLOGY LETTERSI Vol. 26 No.31Sep. 2020

347

12
@ 8 TS - =
g 6
=4

2

0

1 2 3 4 5 6 7 8 9 10
Number of training
Fig.17 Time change diagram of arm crossed
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Fig. 18 Time change diagram of arm held flat

According to the above 3 charts, it can be seen
that in the 10 tests of the 3 training exercises of the up-
per limb training, as the test progresses, the time of
completing the training action gradually decreases and
tends to be stable, and the rehabilitation training effect
is reflected.

The time variation curve of the 3 training actions
is shown in Fig. 19. It can be seen that the arm held
flat training takes up more time than the other 2 ac-
tions, and the results can help the therapist adjust the
different movements of the child and amount of training
according to the information displayed in the chart.

20

b= Arm lift === Arm crossed =&= Arm held flat
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1 2 3 4 5 6 7 8 9 10
Number of training

Fig.19 Action training time change graph

When performing training in which one set of 3
upper limbs is performed, the effect can also be judged
based on a change in the completion time of a set of ac-
tions. The group motion training time change graph is
shown in Fig. 20.

According to the chart information, when the
child performs the upper limb motion training, the time
required for a group of movements decreases with the
increase of the number of trainings. The system plays
an active and guiding role in the upper limb training of

the child.
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Fig.20 Group action training time change chart
6 Discussion

The application of the cerebral palsy rehabilitation
training system is expected to provide a basis for reha-
bilitation training. There are 3 typical phenomena in
rehabilitation training: the first category is the training
has a high correct rate, which means this rehabilitation
training is useless; the second category, the correct
rate has been very low, indicating that this rehabilita-
tion training has no meaning for this individual. It is
recommended to add other auxiliary training; the third
category is continuous improvement, and such patients
need long-term rehabilitation training. In order to un-
derstand whether such rehabilitation training is effec-
tive, it is necessary to record 30 daily movements, re-
cord the change of daily training movement time, train
patients for one month in one year period, compare the
change of training movement time in the previous and
subsequent cycles, and judge whether to continue this
type of training and whether to increase or decrease the
amount of training for a certain action.

7 Conclusion

This paper designs a DSLM-based cerebral palsy
rehabilitation robot assisted training system for the up-
per limb rehabilitation training of children with cerebral
palsy, combined with Kinect’ s bone recognition and
interactive interface, to record the data of children with
cerebral palsy undergoing rehabilitation training in real
time and conduct relevant evaluations and analyses.
The system enhances the fun and interactivity of the
cerebral palsy rehabilitation training system and pro-
vides new technology and support for robot-assisted cer-
ebral palsy rehabilitation training.
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