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Chapter 1
1 Introduction

Rehabilitation is described as the action of restoring someone to
health or normal life through training and therapy after imprisonment,
addiction, or illness [1][2]. There are various products and services in the
market such as general aids, support devices, physical therapy, drug
rehabilitation and others to help people wishing to improve their body
conditions through rehabilitation. Also, due to rise in geriatric population, as
elders are more exposed to strokes, heart attacks, injuries and other chronic
conditions that require physical therapy for rehabilitation, the rehabilitation
market was expected to grow rapidly [3]. However, in real life, the hospital-
based rehabilitation is generally placed, which gives elderly or patients with
physical disabilities limited access commuting without their supporters. This
is a cause of discomfort in the conventional rehabilitation method. Not only
do the patients have to visit the hospitals, but it is also required for the
hospitals to maintain their employees to assist them in rehabilitation

programs. Thus, it’s high cost and low efficiency in economic perspective.

To meet the increasing demand for both, comfort and cost-
effectiveness in the rehabilitation field, there have been several researches,
including remote rehabilitation exercises: A robot for assisting in
rehabilitation training for patients [4][5][6] and a sensor attached to an arm
to sense motions [7][8]. Also, there are more researches regarding motion
sensing for physical rehabilitation using body area network [9] and by
inertial sensors and a stereo camera for joint angle estimation [10]. Others
focused on using the strength of a stereo camera in motion tracking to build

healthcare monitoring systems [11][12][13].



1.1 Motivations

To eliminate the need of commute to the hospitals for rehabilitation,
researchers attached wearable devices to patients' skin or installed extra
hardware for better motion tracking performance as mentioned above.
However, having to attach multiple sensors to patients' skin every time they

run rehabilitation sessions causes discomfort.

In this dissertation, a home-based rehabilitation system is introduced
which can be accessed only using a stereo camera and a personal computer
(Microsoft Windows OS-based). The system leads users to follow exercises
as instructed in the program, while the system reads the user's skeletal joints
to measure the joint angle range of motion (ROM) as data for body

performance evaluation.

1.2 Challenges

There are a few challenges aroused when implementing the system.

Constraints concerned are:

(a) Low frame rate and low quality of videos causing inaccurate data

extraction from videos
(b) Motion artifacts affecting the system robustness

(c) Windows OS based PC and Kinect camera needed to run the

program



1.3 Research Objectives

In this research, a home-based remote rehabilitation system with real-
time motion tracking for joint range of motion was developed. The proposed

system aims are:

(@) To develop a system to help patients do the rehabilitation
exercises with instructions and get feedbacks about their exercise

status

(b) To develop a real-time motion tracking feature via a stereo

camera without any wearable devices.

(c) To improve the accuracy of the motion tracking algorithm for

joint range measurement.

(d) To merge those features into one system

1.4 Chapter Organization

This chapter of dissertation discussed the motivation, challenges
faced, and research aims in developing a home-based remote physical
healthcare system with motion recognition for range of motion improvement.
Chapter 2 briefly introduces the literature reviews and related works that
inspired this research work. Chapter 3 introduces the system design of the
main system and the overview of the sub systems. Chapter 4 explained about
the motion tracking algorithms for motion recognition feature in the system
and range of motion evaluation. Chapter 5 describes the user interface of

rehabilitation application. Chapter 6 contains the experimental results and



finally, chapter 7 summarized the thesis works and discussions of the
potentials for system enhancement in the future.



Chapter 2

2 Background and Related Work

In this chapter, previous researches related to the main topic of the
dissertation are discussed which include rehabilitation system, a stereo
camera, motion tracking and motion recognition, and joint range of motion
(ROM) evaluation.

2.1 Conventional Physical Rehabilitation Activities

Physical rehabilitation is not a new concept as it had been mentioned
in various areas for a long period in history. Hippocrates of Kos (460-370
B.C.) reportedly advocated exercise as an important factor in the healing of
injured ligaments, and the Hindus and Chinese used therapeutic exercise in

the treatment of athletic injuries as early as 1000 B.C. [14].

In other perspectives of medication, regarding the medical ethics
influenced by religious traditions during medical practice through the Middle
Ages, Catholics incorporated principles of medical decision making into
their moral theology. Protestants, too, have examined specific ethical topics
in detail and integrated concepts of medical ethics into a larger, systematic
theology. Orthodox Jews have linked Talmudic and rabbinical teachings to
the practice of medicine, with emphasis on the preservation and sanctity of
life.

The concepts forming the basis for therapeutic exercise come from
studies in basic physiologic science and applied exercise physiology. In
recent years, epidemiologic investigations have provided additional insight

into the importance of exercise in prevention of disease.



Fig. 2-1 The conventional physical rehabilitation therapy for elderly [15].

2.2 Stereo Camera for Motion Tracking

A commercialized stereo camera (Kinect v.1 for Windows, Microsoft,
USA) is used as one of important components in this research. The Kinect is
a device developed by Microsoft, with multiple vision sensors, which
enables remote movement tracking of users originally for the X-box 360
gaming console. The use of the device is expanded to not only gaming
purposes, but also applications for multiple purposes by releasing the
development tools such as SDK for personal computer. The technical

specifications and features of Kinect are as shown in Table 2-1.



Table. 2-1 Specifications of Microsoft Kinect v.1 [16].

Features Kinect v1
Depth sensor type Structured light
RGB camera resolution 640 x 480, 30fps
IR camera resolution 320 x 240, 30fps
Field of view of RGB image 62° x 48.6°
Field of view of depth image 57° x 43°

0.8m - 4m (Default)

Operative measuring range
0.4m - 3.5m (Near)

Skeleton joints defined 20 joints

Maximum skeletal tracking 2




2.3 Motion Recognition Methods

In this paper, the basic concept of a motion is defined as a group of
poses in order. Thus, a motion can be recognized by detecting user's poses
one by one consistently, in the time sequence. Motion recognition process
starts from detecting user poses in time sequence using the method which
will be described in chapter 2.3.1. A motion is found when it completes
counting all poses for a motion within the certain thresholds set as the
definition of each pose as in chapter 2.3.2.

2.3.1 Pose Detection

A human body in this system consists of total 20 joint points as
drawn in Fig. 2-2. Thus, value of specific joint points in the 3D space must
be stored for detecting user poses and figuring the current user pose status.
And then, each joint angle is calculated by reading 3 adjacent joints, which

will be described with details in chapter 4.

2.3.2 Motion Recognition

The basic concept of a motion is a group of poses in order. Thus, a
motion can be recognized by detecting user's poses one by one consistently,
in the time sequence. The thresholds of time and joint angles are set to
distinguish the success and failure of poses. With similar concepts using a
commercialized stereo camera, many researchers have found it useful for
patients who are physically disabled [17] [18] [19] [20].



A commercialized stereo camera with two sensors; color and depth
sensors, called Kinect (manufactured by Microsoft) has commonly been used
for obtaining skeleton data frames in 3D coordinates with 20 body joint

points.

13

The equation of the joint points data is shown as ci=ley 2l gt
every frame t [21].

Fig. 2-2 Human skeleton data with 20 joint points tracked in this system.



2.4 Joint Range of Motion Evaluation
2.4.1 Evaluation of Body Function

Before beginning with range of motion evaluation and physical
treatments for rehabilitation, the diagnosis procedure of disease identification
for examiners and physiatrist must be mentioned in advance. Medical
diagnosis focuses on two factors; the historical clues and physical findings
that lead the examiner to the correct identification of disease. After a medical
diagnosis is established, the physiatrist is expected to ascertain functional
consequences of the disease. Appropriate clinical evaluation requires the
examiner to have a clear understanding of the distinctions among the disease,

body functions, activity limitations, and participation restrictions, etc.

For successful rehabilitation, the physiatrist not only must address the
consequences of impaired functioning directly but also must identify intact
functional capabilities. When the intact capabilities and their use are
augmented and adapted to new uses, functional independence can be

enhanced.

2.4.2 Range of Motion

Range of Motion is a basic technique used for the examination of
movement and for initiating movement into a program of therapeutic
intervention. Thus, the full motion possible is called range of motion. the
ROM activities can easily be described in terms of joint range and muscle
range, and the ranges of available joint motion are usually measured with a

goniometer and recorded in degrees. In case to describe joint range, terms

10



such as flexion, extension, and rotation are used, and muscle range is related

to the functional excursion of muscles [22] [23].

The range of motion can be decreased by many factors, such as
systemic, joint, neurological or muscular diseases; surgical or traumatic

insults; or simply inactivity or immobilization for any reason.

The ROM exercises can be classified into 3 types by the subject of
the body control; passive ROM, active ROM, and active-assistive ROM, as
in Table 2-2.

The passive ROM, also called as PROM, is movement of a segment
within unrestricted ROM that is produced entirely by an external force, such
as gravity, a machine or another individual and there is little to no voluntary
muscle contraction. Unlike PROM, the Active ROM, also called as AROM,
is produced by active contraction of the muscles crossing that joint. Last,
Active-assistive ROM (A-AROM) is a type of AROM with assistance
provided by outside force because the prime mover muscles need assistance

to complete the motion [24].

In our system, it is designed for evaluations of AROM, thus, the user
practices ROM exercises actively with no help as intended. The ROM
evaluation session was executed while the user practices rehabilitation
exercises throughout the application. The ROM data scanned from the user

activity was analyzed to show the change in body performance.

11



Table. 2-2 Three different types of range of motion and their

description.

ROM type Subject of motion control

Passive Range of Motion

Therapist or equipment
(PROM)

Active Assisted Range of | Patient with some help from the therapist

Motion (A-AROM) or equipment (such as a strap)

Active Range of Motion

Patient (without any assistance)
(AROM)

12




Chapter 3

3 System Design and Conceptualization

3.1 System Overview

The diagram of the system procedure is briefly explained in Figure
3.1. The system is consisted of 3 divisions in order; System setup, exercise

sessions, and ROM recording as results.

User

e |
E ]
Stereo Camera &
3. Raising Legs

Personal Computer
» Real-Time ROM Record

- Daily goals reached..

- Duration of Sessions

1. Swinging Arms

2. Side Stretch

- Rate of Success

Fig. 3-1 System architecture of the home-based rehabilitation exercises.
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3.2 System Setup

First, the system setup requires a personal computer with a stereo
camera installed in advance, and the user needs to stand in front of the
camera and make sure that the program can detect the full body of the user

until the end of the program for proper motion tracking.

Fig. 3-2 System setup: A user is standing around 2.2m away from a stereo
camera to reflect the full body.

14



3.2.1 Exercise Session

The exercise session for rehabilitation includes 3 motions; swinging
arms, side stretch and raising legs as mentioned with details in Fig. 3-3 and
Fig. 3-4. Those are common exercises selected among various rehabilitation
exercises for the user's better understanding of exercises and less time

consuming for materialization.

The user takes one motion as instructed for 5 times continuously,
then take a short break within a minute and then, it is considered as one
session completed. The user repeats the session 3 times (total 15 times of
motions; 5 motions x 3 sessions, Fig. 3-4), then begins the next exercises in

order.

(@) (b) ()

Fig. 3-3 Human skeletal data with joint angles detected for pose detection
for each a swinging arms(a), a side stretch(b) and a raising legs(c)
motions [17].

15



C)}

(b)

()

T (SEAndyy,

Fig. 3-4 Sequence of a swinging arms(a), a side stretch(b) and a raising
legs(c) motions

Session (Swinging Arms) Session (Side Stretch) Session (Raising Legs)
Start session; '-.. " _:\.\. Start session; ' Start session;

= - ——
mmmmm 1E : A
ARLNTNSIRLANRLRN S Motion++ Motion++;
=, T = 2 ’ Epiey 2

i MMotionﬂ- MMotion++;
m = 3 m =TT e 3
mMotionH;

o PP o 4 = 4

m Motion++; m Motion++;

e 5 i 5 i 5

End session;

Fig. 3-5 The session flowchart of the suggested rehabilitation program.

Each session contains 5 motions.
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3.2.2 ROM Recording

During sessions, the user information and exercise status such as
specific joint angles of the body and success/failure count also gets recorded

simultaneously.

3.2.3 Repeated Motion for ROM Improvement

A special session for disabled who aren't able to move to make the
intended poses due to injuries is implemented in the system, which is briefly
explained in Fig. 3-6. Among various common stretching exercises, we
picked to measure the joints of shoulders with arms stretched to the back.

The session will be presented separately in results.

Take Keep
Intended Pose Intended Pose

0 2 4 7 10 Time (sec)

Fig. 3-6 Procedure of repeated motion for the disabled.
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Chapter 4

4 Motion Tracking and ROM Evaluation

4.1 Pose Detection

The principle of the pose detection feature was briefly introduced in
the previous chapter. Fig. 4-1 shows the procedure of pose detection with

details.

1. Pose Detection

Color Camera R
Capture the user’s image !

User

Capture the skeletal data W[

(Skeletal data)
Joint Positions filtered

I Average ﬁ("‘ Kalman Filter

Find which pose it is by comparing to the preset
angles of poses

Fig. 4-1 The diagram of pose detection feature
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As the user stands in front of the stereo camera, the system senses
total 20 joints from the human body in 3D coordinate. While the depth
sensor of the stereo camera is used for detecting the skeletal data, the color
sensor projects the scenery on the monitor with the joints over the scenery.
The coordinate data (x, y and z axis) of each joint is obtained from the depth
camera, and we pick a set of 3 specific adjacent joints as in Fig. 4-2, for
example, < (@2 Bleryrzn ) Blaguszs)) as mentioned in Table 4-1.

Then the joint angle of v between 1 and ¥ can be calculated as follow.

1l By
T2 ndy

= oz

Next pose within 5 sec?

n v n ooy n Y Success
(One motion

complete)
Pose 1 Pose_2 Pose_ 5

_A
Failed(Restart)

Fig. 4-2 An example of a motion flow with poses in order. If the next
pose is not detected within 5 seconds from the time recorded when the
last pose was shown, it is defined as failure of a motion and it resets the

motion to the very first pose.
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Table. 4-1 Body parts with the 3 joint points to measure the specific joint

angles to track user exercises.

[3 adjacent joint number]

Exercise
NETIS Angle_1 Angle_2 Angle_3 Angle_4
Swinging 256 567 29.10] ©101]
Arms (LekAmrpi) (LetBbon) | RihtAmpl) | RightElbow)
[(14+18)/2,2,6] [(14+18)2.2 [13,14,15] [17,18,19]
Side Stretch Lot de 10] Leftmee ) 'htI;nee
Lotsd) | e | L) Ratlosd)
. [13,14,15] [17,18,19]
Raising Legs Citthoea Rightkree (Nore) (Nore)

Fig. 4-3 Example of 3 adjacent joints selected for measuring the joint

range of motion.




@ Current Session: 1-Swinging Arms POSE 1 of 4 Session count: 3/ 5

(Next pose within 5s)... 2sec has passed ﬁtﬂ“w:
55
o

- 2 ml

11
9 !0

7

—

]

Fig. 4-5 Detected joints for second exercise, named as side stretch.
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@ Current Session: 3-Raising Legs POSE 1 of 4 Session count: 1/ 5

(Next pose within 5s)... 2sec has passed

Fig. 4-6. Detected joints for the last (third) exercise, named as raising

legs.

The joint angles, calculated from the adjacent joints, are to be
compared with the pre-defined joint values to judge if the user's pose is what
the system is intended at the time. The principle of ROM session is the same

as the pose detecting method.

22



4.2 Motion Recognition
4.2.1 Basic Operation

In this research, the basic concept of one motion is a group of poses
in time sequence. Thus, a motion gets recognized by detecting user’s poses
one by one consistently in the time sequence. A threshold of time between 2
poses is set to distinguish success and failure of a motion. Thus, if the user is
not taking the next pose within the threshold time, it’s considered as failure
and the session restarts to the beginning step of a motion. If the user
completes the last pose through all steps in order, the system judges that the
user succeeded the exercise. User attempts of sessions and success and

failure are also counted and saved in the system.

For patients and elderly having difficulties moving their body parts as
intended might not be able to reach the normal poses, therefore, with the
same method mentioned above cannot always work in a different condition.
So, we compare the angles from the next intended pose and the previous
pose, and then subtract them to find if the angles are increasing or decreasing
as vectors. Those vectors will be compared with the patients' data in real-
time and find if the users are moving to the intended directions.

4.2.2 Feature Enhancement

The built-in joint detecting feature in the Kinect v1.8 SDK can

recognize 20 joint points of a human body as explained previously.

Each joint point contains 3 numbers which are from its x, y and z axis

and those values change every frame. However, the accuracy of the values

23



can become suspicious due to the motion noise interfering the original data

we like to obtain.

There are 2 filters used for more accurate motion data in this research:
the averaging filter and the Kalman filter. The averaging filter is used as

follows:

o @

N in the equation is the number of frames, and the « is the values

from x, y or z axis for the N frames.

The basic equations of the Kalman filter are explained as below:

Ty = ATy ?)

P.=4ApP,_ AT—¢ (3)

K, = PHIHPH' TR ()
R-';: = R-': _fk-;_-':.f;_-_Hi':_ ] (5)

P.=I-KH :'P; (6)

The equation (2)-(3) are the estimation session, and the equation (4)-
(6) are called the measurement session of the Kalman filter.
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4.3 Real-Time ROM Evaluation

As mentioned previously in Chapter 4.1, the same algorithm for pose
detection is used to materialize the ROM evaluation in real-time. The ROM
values of specific joints being tracked for pose detection are compared with

the pre-defined joint values as proper ROM for specific positions.

The comparison for the pre-defined joint values and the measured

values in real-time can be described as pseudo code in Fig. 4-7.

25



1 double joint_value rad = new double[4];

2 intj)=0; f{ched< if all 4 joint values are matching
3 for(int i=1;i<=4;i++)

4 {

5 if({double_joint_wvalue_rad[i] == threshold[i]-0.13) &&
6 (double_joint_value_rad[i] <= threshold[i]-0.13))
7 {

8 detected[i] == true;

9 J++;

10 }

1 elzs

12 1

13 detected[i] == false;

14 H

15 }

16 if(j == 4)

17 {

18 return 1;

15 ;

2 eclse

n {

ol return-=1;

B }

Fig. 4-7 Pseudo code to check if all 4 joints are close to the pre-defined
values (radian unit) set as thresholds.
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Chapter 5

5 User Interface of Rehabilitation Application

5.1 Architecture of User Interface

The user interface of the rehabilitation application will be explained
based on the architecture of the system described earlier in chapter 3. Fig. 5-

1 includes the user interface shown step by step.

Exercise Instructions

Exercise Instrlm\}" | Exercise Sessiol t e Tracking
ﬁ'“\_q ﬁiﬁﬁsﬂ‘ xercise Recognition

Fig. 5-1 The diagram of the presented application's user interface in this
paper.

5.2 Available Exercises for Rehabilitation

The exercise instructions page pops up before beginning the exercise
session in the application as shown in Fig. 5-2. Total 3 types of exercises can
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be executed by the system, and when user hovers over the details button, text

descriptions will show up as a dialog.

Once the user figures out the exercise method in this system, the
user can move on to the next stage by clicking “Start Exercise!” button. Then
the exercise session just as Fig. 5-3 will pop up. As highlighted, the interface

of the exercise session includes various information.

Exercise Instructions

i L &
ra
) \
y
¥
A

' y i ‘ ' .
¥
l!z [ ‘1 | \
. A~ R
- In| T ’
ke

No.1 Swinging Arms No.2 Side Stretch No.3 Raising Legs

Details Details Details

Fig. 5-2 Exercise instructions window before user begins exercise.
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1)

@ Current Session: 1-Swinging Arms Ready

(Next pose within 53)... 2.9sec has passed

Fig. 5-3 The user interface of the rehabilitation program, and the user is
standing with hands down before beginning an exercise session. 1)
Current exercise status, 2) Session count (5 times repeated to finish one
session), 3) Time duration of exercise and 4) Human body joint detection.

While the user exercises along as led by the system, ROM is
simultaneously recognized to judge if the user is taking motions as intended
and also track the user’s ROM values as a reference of body function

performance. Fig. 5-4 shows the interface with the information mentioned.
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@ Current Session: 1-Swinging Arms POSE 4 of 4 FINISHED

@ Current Session: 1-Swinging Arms POSE 4 of 4 FINISHED

Session count: 2 / !

(b)

Fig. 5-4 A user interface for a success(a) and a failure(b) notifications of
exercises during a rehabilitation exercise session.
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Chapter 6

6 Results and Discussion

6.1 Experiment Initialization

The hardware components consist of an all-in-one stereo camera with
a color and depth camera in one device (Kinect v.1, Microsoft, USA), and a
personal computer with Windows OS installed. The stereo camera has the
color resolution of 1240 x 860 pixels and the depth resolution of 640 x 480
pixels. The frame rate set in the paper is 30 frame-per-second. The 'Kinect
for Windows SDK' is used to build part of the Windows Application for the
system with its basic skeletal tracking feature included. To execute the
Windows Application of the system, a personal computer running the
Microsoft Windows OS version 8.1 was used on a personal computer in this
experiment. (Intel Core i5-4690 CPU at 3.50Hz, 8GB of RAM, and the
Microsoft Windows 8.1 for the 64-bit operating system). With the system
described, a user stands around 2.2 meters to 3 meters away from a stereo

camera so it can read the full body properly.

6.2 Real-Time Motion Recognition and Rehabilitation Exercises

As mentioned earlier, in the exercise session of the application
introduced in the paper, the user’s motion is recognized in real-time. The
real-time motion recognition in 3D coordinate is shown in a 3D space in Fig.
6-1.
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800

00 -200

Y axis :
X axis

Fig. 6-1 Motions of 10th, 11th and 12th joints in 3D coordinate when
raising an arm (3 attempts each).

6.3 Subject Data Analysis

Three subjects participated in the experiment, and the characteristics
of each person are described in Table 6-1. Each person was instructed about
3 rehabilitation exercises in advance and practiced once before the beginning
of each session. Each exercise was repeated 9 times in a row with a break

time between sessions for less than 1 minute, and as soon as one exercise
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was done by repeating 9 times, the system led the subject to the next exercise

session.

Table. 6-1 Basic personal information of all 3 subjects participated in the

experiment.
Chronic
Subject | Sex Age Height | Weight
Disease
A F Mid-50s | 160cm 66kg None
B M Late-50s | 175cm 72kg Hyperpiesia
C F | Late-20s | 160cm 60kg None

Fig. 6-1 is the data recorded from exercises; swinging arms and
raising legs as references to show data processing the raw angle data in
radian unit and the thresholds which distinguish between the previous pose
and the next pose. The highlighted parts are the borders to the next pose.
However, there are some failures which couldn't reach to the end of the
motion (to the last pose) as intended. and it's mostly due to lack of enough
pose changes to detect the next pose within 5 seconds (150 frames).

Fig. 6-2 shows the difference in time duration per session. In average,
it consumes less time as the users execute the same exercises. It abnormally
takes more time when the subjects made mistakes taking wrong poses and
couldn’t fix them within 5 seconds. The duration of sessions seemed to

decrease as repeating the same motions made them adjusted but around 6th-
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7th sessions, the graphs show that it's more time consuming on average as
physically, their bodies got tired.

3.5
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Fig. 6-2 Subject C's exercise data (specific joint angles from swinging
arms), the graphs show raw values of 4 angles from the first exercise
session(a), and the last(9th) exercise session(b).
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Table 6-2 presents to compare the average exercise time depending
on subjects, and subject C's results overall were outstanding while the other
two subjects in the 50's consumed a maximum of 4.3 minutes in exercise

1(Swinging arms).

Table. 6-2 The average time consumption of exercises by subject.

Exercise_1 Exercise_2 Exercise_3
Subject
(Swinging Arms) (Side Stretch) (Raising Legs)
A 51.3 40.0 32.7
B 50.9 41.1 31.9
C 47.0 37.3 32.9

In the exclusive, repeated motion session for disabled, a motion of
raising arms backward was repeated 7 times continuously without a break.
The extracted data from a subject is presented in Fig. 6-4 and Table 6-3.
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Fig. 6-3 The graphs show the change of exercise time duration per
session, swinging arms(a), side stretch(b), and raising legs(c).
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Angle Change in Repeated Motion Session

1 2 3 4 5 6 7
g | =t ANgle  =——ge=REht ANgle =——a—Averzge
Fig. 6-4 The graph is presented to show how angles are improved over
time as the subject A moves arms stretching backwards 7 times

repeatedly. The average value implies that arms tend to further as
intended.
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Table. 6-3 Subject A's exercise data from repeated motion session (raising

arms backward).

O | v e

Count [id] age{]
1 1.12 1.10 64.20382 | 63.05732 | 63.63057
2 1.01 1.02 57.89809 | 58.47134 | 58.18471
3 1.04 1.06 59.61783 | 60.76433 | 60.19108
4 1.05 1.05 60.19108 | 60.19108 | 60.19108
5 1.17 1.08 67.07006 | 61.91083 | 64.49045
6 1.21 1.22 69.36306 | 69.93631 | 69.64968
7 1.23 1.51 70.50955 | 86.56051 | 78.53503
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Chapter 7
7 Conclusion

The remote rehabilitation system with motion tracking for ROM
improvement was introduced. The user interface for an exercise session is
presented as well as the results in ROM of users analyzed, and the
performance for simple motions selected for rehabilitation exercises is
acceptable without needing external devices other than the suggested stereo
camera. However, the system might not be able to read the body information
of patients with a physical disability from serious damage or amputation
which is critical for the accuracy of the motion tracking features in the
system. Also, the design of the program can be boring with limited
interaction with a user. In the next research, fabrication of rehabilitation
exercise systems with more content or games applying AR or VR might

attract more interest in the healthcare field.
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