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ABSTRACT

Cerebral homorrhage is highly to occur in human. The patients surviving have
high opportunity to be disable person. These patients need to be treated by physiotherapist for
rapid returning to have normal lifestyle. Moreover, the equipments, such as Contrex and
Armeoare expensive and are not enough for usage. Thus, this study has proposed the design of
arm rehabilitation for triceps and infraspinatus muscles cooperate with Electromyography (EMG)
signal measuring thatcan be used to evaluate muscle strength. The device is divided into two
modes: CPM and Direct Exercise modes controlled by the LabVIEW program. The program
shows and recordsthe muscle forces, joint angle, velocity, and EMG signals and analyzes RMS
and MAYV value of the EMG signals. The system can be set velocity: 5, 10, and 15 rounds per
minute and mass: 1 to 6 kgs. The test of device showed that the device could maintain velocity
and function correctly with patient. In addition, results of one normal volunteer test showed that
RMS and MAYV of the EMG signals increased when force level increased for both triceps and

infraspinatus muscle

Keywords: Electromyography, Stroke, Rehabilitation, Arm, Paralysis
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Tag 14 motor actuator 810 Jacger 1800 M3 1Fa1u amnsodSuanugemeszunlnih lneliauia

Yol
Input Voltage 36VDC
Load Capacity 3000N
Static Load 9000N

Strock Length 18"

Load current <2.5A
Drive ACME
Full Load Speed 2mm/sec
Duty Cycle 20%
Temperature -26°C-65"C(-15°F-150°F)
Limit Switch Adjustable

Sensor Reed Switch Sensor

Dynamic load 6000N [13]

©
7MN5LNOUN 3 — 5 motor actuator [13]
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e

o 4

{ < 1 o
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§ o
MN52ABUN 3 — 6 AC servo motor 400 watt driver 1% NISNATOU

Y d
3.3.5 mnmmﬁ'mmmuamm
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Motor + gearbox

arm bar 39 <.

A J ¥ @ y 4
Mwlsenoun 3 -8 fﬂﬁ‘ﬂﬂaﬂﬂﬂflﬂuﬂﬁuﬂlﬁ@ﬂﬂﬁﬂﬂllﬁﬁﬂlﬂﬁﬂflm@ﬁ
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A5 3 — 1 UEAIANNFUNUETEHIYT N miine s LlagﬂWI’f)ﬁﬂﬁiJ@Lﬁ@S’f)'lullﬁ)

Binahminfid | nesa ameiaild useuii1§ondansaesa
(kg) Nm GGG YBINBINDS (Volt)
0 0.2159 17 0.38
1 0.381 30 0.65
2 0.508 40 0.95
3 0.6477 51 1.23
4 0.7874 62 1.54
5 1.016 80 1.87
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2 y=3.3619%- 1.2093
E > RZ = 0.999
=
1
= _
z* e
(-]
3 //
m
-=
g2 » -
3 -
1 4
E /
<
0 4(/ . ‘ :
0 0.5 1 1.5 2
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R A J @ ~ 4
FA 1182 FB 33iaunaa190u 90 03 taznavod FA = idvod FB + 90 9981 NIUNDIABINYU
3 2 <3 a
AUV Lazlavued FA = mdved FB - 90 04A ﬂiﬁmmaé{mgumumumwm Iﬂﬂ

H 9 H
AN nuNUUIA 0-5 volte HATININUA 2 FOITYYIUAININITENOUN 3 - 10

A-phase
[CA] FA
B-phase FB ’7
[CB]
to
Ly &
Pulse width : t;, > 1.25 us Edge interval 1 t,, > 1.25 u's

Pulse cycle : t, = 2.5 us

Musznoun 3 — 10 doyaal pulse UL WAA19AY 90 BIA1 [15]
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3.3.8 uviaane Wi 36V (Power Supply)
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3.3.9 uviaane1Wih 24V (Power Supply)
gnsalsenszualWih iy circuit board 1Ay servo motor 1den1¥uiiontla
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3.4 gilnsainliimsTadaanalvihnd i EMG)

3.4.1 n3evenadaanaliliindanile (PSU_Beatlab 1)
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awilszneuii 3 - 17 81anTn3AtRe TYCO HEALTHCARE U Kendall /Tyco ARBO

3.5 m‘saamm‘uiﬂmmumu@umiﬁnm

3.5.1 1Jsunsy Labview
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demsrhams i TUsunsy MS-OFFICE @18 n13@0a1339%319 Hardware 112 Software
lua35uil 9514 DAQ (Data acquisition card) 311 6009 fauaaslunmisznoud 3 — 18 1§lud
uilaedyananinewnden (Analog) 1uATAea (Digital) é@ﬁﬂmanuﬁxﬁaaﬁuﬁ@ﬁ [17]

(1) 8 analog inputs (14-bit, 48 kS/s)

(2) 2 analog outputs 0 - 5V (12-bit, 150 S/s)

(3) 12 digital I/O: 32-bit counter
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nilszneui 3 — 18 DAQ (Data acquisition card) E'Ll 6009 [17]
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3.6 ﬂ1§‘ﬁ1x‘ﬂ‘l—!‘lli)ﬂ!ﬂ%®@

3.6.1 32UU CPM
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Abstract— We have designed and investigated the system of
upper limbs rehabilitation. The measurement parameters in the
system are Electromyography (EMG), the angle of arm, and weight.
These parameters are useful as an indication of rehabilitation
performance in terms of both quantity and quality. The performance
of the proposed system is evaluated with CPM training on triceps and
infraspinatus muscles, which is important for patients with paralysis
from stroke. Results show that the system can function correctly and
their measuring parameters are appropriate for rehabilitation.

Keywords— physical therapy; electromyography; stroke; robot;
rehabilitation

L INTRODUCTION

World stroke organization (WSO) reported that stroke
paresis or paralysis is the second cause of death in people over
the age of 60 years and the third leading cause of death in the
world. It is also a major cause of severe disability. Statistical
data shows that there are approximately 10 to 15 million new
stroke patients worldwide in each year. The report showed that
5 million die and another 5 million are permanently disabled
[1]. The rank of a stroke in Thailand as a cause of death or
disability is the third highest in men, second only to AIDS,
and accidents, and the second highest in the female deputy
from AIDS [2]. About 80% of such patients have survived but
have lost the skill of arms, loss in arm movement, paralyzed
arm or movement with difficulty. Recently, a new approach to
the restoration of the original condition of patients with stroke
is based on the repeated movement to stimulate the muscles
with robot. The robot is able to perform the task repeatedly
with consistent control. It is also equipped with sensors can
that save the location, speed, and strength of the patient. They
can properly measure the movement of the muscles of patients
with quantitative performance such as MIT - MANUS [3],
EMUL [4], 4DOF upper-limb power-assist exoskeleton [5] as
shown in Figure 1.

The study found that the use of biofeedback coupled with
exercise can cause the patient to recover faster than normal
exercise. The detection signals during exercise are
temperature, pressure, Electromyography (EMQ),
Electroencephalography (EEG) etc. But, the most popular
measure is EMG because EMG signal is caused by the
muscles directly. It can be used for checking that he capability
of muscles [6]. It also found that patients have a less EMG
signal than normal people for the same muscle [3]. For this

978-1-4799-1467-8/13/$31.00 ©2013 IEEE

reason, the researchers designed a system that can help
restoring the arm muscles and nerves. The performances of the
system are measured using speed of recovery, ease of use,
incentives for rehabilitation etc. The study focuses on using
robots to help in the movement by using EMG generated from
the patient when they try to move.

Fig. 1. Muscle recovery system [7].

In this manuscript, upper limbs rehabilitation system for
stroke patient with biofeedback and force were implemented
for triceps and infraspinatus muscles. The study of weight,
angle of movement, and EMG were of interested.

II. THEORY

A. Electromyography

Electromyography is indicated in voltage values, which is
the measure of the working of muscle contraction. The use of
this voltage in clinic is for the diagnosis of the body
malfunction. The movement of the muscles have been found
to be around a few millimeters to several centimeters. The
muscle fiber was about 10-100 um in diameter. The central
nervous system (CNS) sends signals to muscle fiber and also



sub-unit of the muscle called “Motor Unit” to make muscle
contraction. Fig. 2 shows the structure of the motor unit [8-9].

Faedback from spindies
and peripheryl sensoss.

Dorsal rood ganglian Spinal nerve Plexus

Antestar hom cell (cemotomauran)

Motor unit ~s=———r

Muscle fiber -

Fig. 2. Structure of the Motor Unit [8-9].

Electromyography analysis: In this paper, EMG signals are
analyzed using root mean square (RMS), which is given by

(1)

B. Paresis

Paresis is a result of a blockage or narrowing the blood
vessels in the brain. Then, the oxygen cannot be carried to the
brain leading to the dead of brain cells in some areas.
Therefore, the body that is controlled by the damage brain
cells cannot function well. Actually, it is important for
knowing the symptoms of paralysis before starting to
treatment. The treatment will be the protection of the increase
in the dies of the brain cells and the rehabilitation for the brain
cells that still work.

The symptom of paralysis can occur suddenly; i.e.
numbness, weakness of arms, the wry on a half of the body.
Also, the symptoms include the vision or blurry of the eyes
due to the weakness of the that were used for the eyes control.
In addition, the confusion, hardly for speaking or walking and
the headaches may be the condition of symptoms to be the
paralysis in the future

The rehabilitation of patients can be to move or help
themselves. It can be to rehab with limbs movement and
exertion that will recover for helping the patients paralysis due
to the nature of paresis after rehab that will restore itself for a
month or a year. It was opportunity to do better and the
paralysis was decreased [10].

III. MATERIALS AND METHODS

Most patients with stroke will lose control of the arm.
Hence, they need rehabilitation or exercise. The early stages of
rehabilitation were very difficult. For example, they can just
lift the arm up and down. It may be a less advantage for life

that can cause the patient to eat by themselves. In this case, the
patient cannot move the arm. It was found that the muscles do
not receive the EMG. Therefore, the arm cannot stretch or
bend.

The first muscle group that should be in rehabilitation are
triceps and infraspinatus muscles shown in Fig.3. (a) and (b),
respectively. After triceps muscles recover, biceps muscles
can be stretch and contraction. The result shows the
contraction of muscles was decreased. However, the
rehabilitation of infraspinatus muscle will support muscles
strength and the patients can extend the arms out of the body.

Star
Trapazius

Dedtoid
(b) infraspinats

Teres minor

Teres mayr

Fig. 3. (a) Triceps muscle and (b) Infraspinatus muscle [11].

A. System Development

Fig. 5 shows the proposed system for patient rehabilitation
on the triceps and infraspinatus muscles. Details of the system
development are as follows.

1)  Components of the System: Arm muscle rehabilitation
components shown in Fig. 6 contain the following sections:

1) Base (tripod):The base can move up or down in the
range of 60 - 80 cm so that it is available to all patients.

2) Connections (connect):Used for the connection
between the motor and the installation.

3) Install the motor (motor place):Install the motor and
can be rotated 180 degrees to change the administration.

4) Motor (motor):Used to create resistance in the
exercise.

5) Arm holder (connect motor):Intended to be a
connection between the motor and arm bar.

6) The bracket (arm) (arm bar):The platform holder
can stretch and stretch out the length of the patient's arm.

7) Hand (hand grip):Used for handle in the exercise.

2)  Torque measurement: Torque was measured by
electrical current value that was tranfered from the motor of
the system. When the weight increases, electrical current of
the motor increases.

3)  Angle measurement: The angle of the arm movement
is detected by the pulse signal from the motor and is used to
refer the position of the arm.

4)  Limited Switch: It is used to control the angle of the
arm movement. The limited switch was detect by the arm from
set up point to the end.

5)  EMG: The electrode were placed on the muscles, i.e.
tricep, bicep and the voltage was transfered into amplifier for
analysis.



6) Machine Testing:

In this study, the testing weights 5 kg was used [7]. In this
research, the bracket (arm) has a length of 30 cm, so it
requires a torque motor at 5 x 30 kg-cm = 150 kg-cm or 15
N-m and the servo motor 400 watt. The torque 1.27 N-m at a
speed 3000 rpm was selected. After that, gear ratio about 1/20
was used. The output torque of motor is 25.4 N-m with 150
rpm which is sufficient for rehabilitation.

The experiment on the relation between the torque of the
motor and the weight is caried out. The length of arm machine
was about 39 cm from the axis of motors to hand grip in the
angle of perpendicular. The result is shown in Fig. 4. The
maximum percentage of torque is 60% with the maximum
weight within arm bar and hand around 2.27 kg (5 pounds). It
was found that this weight with torque of motor can be run
without broken, which can be applied for the rehabilitation in
recovery the triceps and infraspinatus muscles. Equation 2
shows the relationship between torque and weight.

y = 3.36x (2)
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Fig. 4. The relationship between torque and weight.

B. Posture Exercises

Figure 7 (a) and (b) show the posture exercises for the
recovery of triceps and infraspinatus muscles, respectively.
For the triceps muscles, the patient will move the arm in the
angle range between 0 - 145 degree [5].

In case of the infraspinatus muscles, the arm is closed to
the body. The arm is rotated outward brachium hanging at
your sides while the arm is rotated outward to the side with
hands as well. Posture the rotation of the shoulder is only 90
degrees. Arms and elbows flexion 90 degrees and your hands
and forearms rod tip up. Or, port vale arm lateral elbow
flexion 90 degrees and rotate the hand and brachium from the
body using the force of motor [12].

The system detects the EMG from the both side of the
muscles for analysis. It means that the EMG of tricep muscles
was higher than thershold and the EMG of bicep muscles was
lower than thershold. The EMG is measured as an indicator so
that the pateint can correctly move their arm. Details of
operations are as follows.

Fig. 5. Rehabilitation system forwtriceps muscle with hand and arm tourniquet
device (for patient who cannot grip the hand).

€) connect motor
motor place

g)hand grip

”

Fig. 6. Rehabilitation system components for infraspinatus muscle.

() (b)
Fig. 7. The posture muscle recovery: (a) triceps muscles (side view) [5] and (b)
infraspinatus muscles (top view) [13].

1) First Posture: Start with port vale arm 145 degrees
and arms stretched out to the end. After that fold back the arm
into the original with motor resistance.The patient must use
only tricep muscle which EMG of triceps and torque of motor
is greater than 50 % of maximum.

2) Second Posture : Start with port vale arm lateral and
bent the elbow at 90 degrees. Rotate the hand and lower arm



out of the body and rotate it back with motor resistance. The
patient must use only infraspinatus muscle which EMG of
infraspinatus and torque of motor is greater than 50 % of
maximum.

These two posture can change to the automation mode to
keep the machine work without stopping so that muscles can
work continuously.

C. System Operation

Fig. 8 shows a block diagram of system operation. Based
on this block diagram, the experiment on the recovery of
tricep muscles in CPM mode divided into 7 parts as follows
are carried out.

(a): the patient does not exert to move their arm.

(b): the patient was expertes the tricep muscle.

(c): the patient was exertes the bicep muscles

(d): additional force was work that similar with the
tricep muscles.

(e): additional force was work that similar with the
bicep muscles.

(f): exerted by tricep muscles and the system does not
gain the weight.

(g): exerted by tricep muscles and the system does not
gain the weight.

Chose mode cpm or weight
ang EMG trigenng

+

L Chose weight,speed number of

exercise

v

[ Start moving forword, And
record operation.

repeate

* Touch linut switch

[ Start moving backword ]

* Touch hrmt switch

[ Count < number of exercise } yes

#no

[ Stop and save operation J

[

[ Show emg,angle and weight ]

Fig. 8. Block diagram of system operation.

IV. RESULTS

A. CPM Analysis

Figure 9 shows the result of CPM. It was found that the
results were in consistent with theory. The EMG was near
zeros and the weight was clear as can be seen from the curve
in period (a). Next, the patient was exerting at tricep and bicep
muscles. It was found that the both EMG and weight have
positive values as shown in period (b) and (c), respectively. In
case of additional external force, it was similar with the tricep
and bicep muscles were exerted. It is found that the EMG and

weight were not shown (period (d) and (e)), respectively. The
period of (f) and (g) were analyzed with the EMG of tricep
and bicep muscles. It is shown that the system was not gain
the weight as shown by the curve of EMG, which was similar
to Fig. 9 (b) and (c), respectively. In addition, the weight was
similar to Fig. 9 (a). The results show the high performance of
the proposed system to rehabilitation of the patient.

B.  The EMG and Weight Triggering to Recovery the Tricep
Muscles

The system of EMG and weight triggering was used for
recovery the tricep muscles (Fig. 10.). The system will operate
when the patient is exerting of the tricep muscles higher than
the data set up of threshold and the bicep muscles less than the
threshold while the weight was higher than threshold. This
means that the patient will be rehabilitation from stroke.
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Fig. 9. CPM analysis: (a) no exert to move, (b) exerting of tricep muscles, (c)

exerting of bicep muscles, (d) adding the exert of tricep muscles, (¢) adding the

exert of bicep muscles, (f) exerted and not gain the weight on the tool of tricep
muscles, (g) exerted and not gain the weight on the tool of bicep muscles.
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Fig. 10 The EMG and weight triggering: at the stop point (a)-(f)

V. CONCLUTION

We have developed an upper limbs rehabilitation system
for stroke patient with biofeedback and force. Experimental
results show that the system is comfortable to use. The speed
and weight can be adjusted for rehabilitation. It is safety and
can record some important data, i.e., EMG, angle and weight
to compared and analyzed.
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