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A Study on Control of Walking Assistance Robot for Hemiplegia
Patients with EMG Signal
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ABSTRACT

The exoskeleton robot to assist walking of hemiplegia patients or disabled persons has been studied
in this paper. The exoskeleton robot with degrees of freedom of 2 axis has been developed and tested
for joint motion. The obtained EMG signal from normal person was analyzed and the control signal was
extracted from it for convenient and automotive performance of assistance robot to help hemiplegia
patient walks as normal person does. the purpose of using FES(Functional Electrical Stimulation) for
hemiplegia patient’s walk is to restore damaged body function by this, but this could give fatal
electrical shock to patients by wrong use or cause quick fatigue in muscle by continuous stimulation.
The convenient movement of hemiplegia patients with minimum muscle fatigue was looked possibly by
operation of assistance robot exoskeleton using control signal. and the walking assistance exoskeleton
robot seemed works more efficiently than using FES stimulator. The experiment in this study was
performed based on usual motion in our life like walking, standing-up, sitting-down, and particularly
feedback control system using Piezo sensor along with button switch was applied for smooth swing
motion in walking. The experiment also shows that hemiplegia patients can move conveniently by using
electromyogram signal of healthy leg for the operation signal of assistance robot system attached at

damaged symmetrical leg.
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1. Introduction

Patients with damage on central nerve system
are getting increased due to rise of industrial
disaster and traffic accidents while the high
industrialization is proceeded. Most of the patients
with damage on central nerve system have
problem with walking and use assistance device
like wheel chair, but still have difficulties in daily
life as their families are also in pain. The
FES(Functional Electrical Stimulation) is under
the study by many researchers to restore the
function of damaged body parts for the purpose
of helping hemiplegia patients[1]. The study on
exoskeleton which assist the patients’ walking is
under the process. Also, the study on muscle
strengthening robot which helps normal people to
strengthen their muscle or enable them to carry
heavy stuffs is wunder the research. The
exoskeleton robot which would be applied to
various field is thought to bring convenience in
daily life of hemiplegia patients if it is applied to
them[2-4]. So, Study on exoskeleton robot to
assist walking of hemiplegia patients or disabled
persons has been performed in this study. The
exoskeleton robot with the degree of freedom of 2
axis for joint motion has been developed and
tested. The EMG signal has been obtained from
the body of normal person and analyzed to
extract control signals for walking assistance
robot, then this control signal used as a input to
the robot for automotive walking of hemiplegia
patients walk as normal persons do. The study to
find out the efficient method to help hemiplegia
patient’s walking has been carried out for years
and brought lots of outcomes in this field. The
FES(Functional Electrical Stimulation) system has
been generally studied and continued to be
studied to restore the function of the damaged
body by giving signal to the damaged leg of
hemiplegia patients[5-7]. The purpose of this
method is to restore the function of damaged
body parts, but it also could give fatal electrical
shock to the patients or easily cause muscle
fatigue since paralyzed muscle could be tired
muscle when it was

quickly than normal

continuously contracted by electrical signal while
walking. Because of limitation of FES system in
actual application  with  this reason, the
transmission of the control signal to walking
assistance exoskeleton robot is the better way to
help hemiplegia patient’s move conveniently with
minimum muscle fatigue. So it looks clear that
walking with aid of exoskeleton operating by
control signal is more efficient than walking by
FES system. The experiment in this study has
been performed based on usual motion in our life
like walking, standing—up, sitting—down,
particularly feedback control system using piezo
sensor along with button switch was applied for
smoother swing motion in the case of walking.
The experiment also performed that hemiplegia
patient can move conveniently by  using
electromyogram signal extracted from healthy leg
for the operation signal of assistance robot

system attached at damaged symmetrical leg.

2. Measurement of EMG and Control
Signal

As mentioned in introduction, FES system has

been applied for rehabilitation or walking
assistance of hemiplegia patients. Nathaniel Mayer
of Moss Rehabilitation Hospital in U.S. and
Psuhel of ljubljana yugoslavia
method. The

problem of this method is that it is so difficult to

university  in
mainly used surface electrode
find out exact position and pick up correct nerve
from muscles for stimulation. This method also
has problem of load impedance change due to
attaching condition of electrodes to leg. and the
muscle which is continuously stimulated by
surface electrode could be tired faster than
normal muscle which is activated by self nerve.
Instead of using FES system which gives
direct electrical signal to muscles, the function of
walking assistance exoskeleton robot has been
studied for convenient movement of paralyzed leg
with transmission of control signal to the robot,
which was extracted from moving muscle’'s EMG
signal by using piezo sensor and switch sensor.

The model appling for assistance robot control
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was composed after the process of EMG signal
which was obtained from vastus medialis of a
normal leg. The signal process to find out most
suitable leg part and signal to control assistance
robot was performed with the EMG signal which
was extracted from various parts of the leg by
Biopac MP100.

Muscles of the Lower Extremity

% A, 4
\ . A T Sartorius
7 - Vastus
AT
Z L Vastus lateralis

Vastus medialis

Gastrocnemius.

Tibialis anterior

Soleus

Fig. 1. Modeling of EMG signal of leg and the

signal obtained from vastus medialis

Fig. 1 shows the position of the leg muscle for
measurement of EMG signal and the experiment
shows that if the control signal from extracted
EMG 1is used for the control of assistance robot
that would be most suitable. The assistance leg
joint, exoskeleton and 4 degrees of freedom with
4 digital servo motors were manufactured to help
leg joint movement and assistance servo
exoskeleton was manufactured after development
of main control system and servo motor. The
ionic equilibrium between inner and outer space
of a muscle cell forms a resting potential at
muscle fiber membrane when the muscle is not
used. The EMG signal is generated while the
human muscle repeats contraction and expansion
during motion and it is based on action potential
at muscle fiber membrane in the process of
polarization and re-polarization. The signal has
very irregular pattern and there are two problems
to get EMG signal. One is that it is very difficult
to get EMG signal because of the complexity of
contraction and expansion of the muscle, and the
other is that the pattern of signal is different
from the shape of motion. So, EMG signal is
close to random process as gaussian distribution.

The probability of generating EMG signal is as
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formula (1) shown below.

Plafe) = —L

EU)] = 0 (1)

M) is EMG signal and E[M(t)] is average of
EMG

components

signals. The robot control requires 3
consisted with HMM. The

number N, transition probability which determines

state

change related to time and output probability of
each state. HMM is defined as M=(T, N, S, Y,
A, B, ,t, F)by 8 elements as shown below in
Table 1

Table 1. HMM elements

The length of observation row

State numbers

§={a;}

symbols ;

The finite set of a state ;

The set of
¥= e o ul

output

The set of a transition probability
A A= {azh

aij is a transition probability from si to sj.

The set of a output probability;
B
B = {blnl}
T The set of a initial state probability ;
m={m}

F | The set of a final state

The effective application of HMM here needs to
solve one problem. This is method to get P(YIM),
output probability of observation on model when
M is given. We can get sum of probabilities of

all states which could take place.

PlVILa) = batgy ™ Bz = 7 " Birne
PUIMI=my = app = G = * * b1 @
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Formula (2) and (3) are the process mentioned
above. The amount of calculated value is large,
and usage of forward-backward algorithm
suggested by Baum Welch is usually required.
Forward-backward algorithm is defined in two
parts, Forward probability formula (4) and

formula (5) which gives output probability

P(YIM). The amount of calculated value and

complex of calculation can be reduced with this

algorithm.

o) = [ ailny] - big "
=

&, (4] = gjl (e Mipga! ™ G + 1(3) 5)

So, human motion could be predicted by
studying EMG signal which is generated by
related muscle. We amplified personal EMG signal
and analyzed particular frequency range with
Biopac software after digital processing. Fig. 2

shows overall process mentioned above.
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Fig. 2. The process of EMG measurement

Then parameters were extracted from EMG
signals and sent to neural network of robot.
Because recorded personal EMG signal provided
only limited amount of information, the motion of
user was predicted and motion of robot was
controlled by parameters extracted from EMG

signal. Fig. 3 shows the position of electrodes.

Fig. 3. The position of electrodes

3. Experimental Details

The walking assistance exoskeleton robot was
developed to help hemiplegia patient’s walking,
the EMG signal obtained from muscles of normal
person was analyzed respect to each walking
motion of leg and the characteristic points of
EMG signal were extracted for control of the
assistance robot. The effective extraction points
of EMG signal for the function of walking
assistance robot was also confirmed. The control
of walking was performed by transmitting
extracted EMG

exoskeleton robot.

signal to the developed

3.1 Analysis of EMG

The EMG signal was extracted from muscles
in leg using Biopac MP 100 and measured by
Biopac EEG 100C for extraction of robot control
signal as signal process and applied to the
assistance robot for the function as its walking

motion was predicted.

3.1.1 EMG signal measurement

Surface electrodes were attached to the leg
muscles using Biopac experimental measuring
device. The signal was extracted from the muscle

and processed by digital signal processor.



Fig. 4. Biopac MP 100 experimental
device used in this

experiment.

attached to

Fig. 5. Electrodes

vastus medialis

Fig. 7. Sit-down posture of a subject.

The measured signal must be amplified 1,000
times for processing at DSP because the EMG
signal obtained by surface electrodes is minute

electrical signal. 1,000 times amplified signal was
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gone through rectification process which change
the minus(-) EMG signal into plus amplitude.
The average value of raw EMG signal before the
rectification is ‘0’ but the average value of EMG
signal could be used as useful information for
analysis of the signal after the rectification.

The formula (6) to get the average value is

shown below.

Sin) = /=0 3] EMGIKE) for 1 =0.1,coomri= 1. (6)
k=n

RMS wvalue is most simple way to extract
envelope information and includes the information
related to energy or power about EMG. The low
pass filter was used for filtering after obtaining
of RMS signal because the information which
needs for human surface EMG signal distributes

generally between 8~500Hz.
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Fig. 9. The signal when the muscle was

strengthened during the motion of

standing up from sit-down posture.
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Fig. 10. The signal at the motion of standing up
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Fig. 11. Power spectrum density(FFT) of original

signal.
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Fig. 12. Power spectrum density of the signal
which  was filtered by low pass

filter(LPF)

3.2 Assistance Robot System

Robot control device was developed to confirm
control signal for walking assistance robot by
analyzing EMG respect to various human leg
motion and 2 DC servo motors for degrees of
freedom of 2 joint were used at each leg joint to
control. Each servo motor was developed to be
controled by using characteristic points of EMG
signal extracted from normal leg of hemiplegia

patient.

Fig. 13. Walking-assistance device

Fig. 13 shows walking assistance robot which

was developed for hemiplegia patient.

(a) Contents of the backpack CPU control
device, battery pack, wireless control device and
other control devices.
(b) Operation part : Joint control motor included
speed reducer and sensor for joint angle.

(¢c) Sensor module : EMG detection sensor, piezo
sensor and encoder sensor for angle recognizing

Sensor.

The experiment was performed with hemiplegia
patients whose one leg was paralyzed and the
other leg is normal. So, walking is possible but
inconvenient and patients with two paralyzed legs
or hemiplegia patients with serious condition to
walk were excluded from the experiment. EMG
signal extracted from normal leg was used as
control signal to move paralyzed leg. The EMG
signal only can not provide enough information
for walking. The piezo sensor was attached to
sole of the robot, so feedback signal from piezo
sensor which recognized the pressure of sole was
used as a control signal of walking mode.

The developed servo motor turns 180 degree
and designed to operate well in assisting
hemiplegia leg to walk since included speed
reducer has high torque power of 100kg and FES
system used for electrical stimulation of
rehabilitation of hemiplegia leg was developed and
applied. It is so difficult to get satisfying motion
from paralyzed leg with electrical signal only
using assistance robot. So wireless control system

for assistance robot was designed by inserting
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Zigbee module into servo motor and remote
operation of servo motor by central control
system was performed. and piezo sensor was
attached to the sole of the robot to get natural

walking.

Fig. 14. Piezo sensor
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+5v

Microcontroller
Analog Input PIN

r{10K)

Fig. 15. Piezo sensor circuit

Fig. 16. EMG detecting board

Piezo sensor generates electron when it was

pressed as squeezed sponge release water. The
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safety matter was first concern for us when we
design walking assistance robot with piezo sensor
on the front and back part of the sole for signal
feedback to control the operation of robot for

standing—up
by help of

assistance robot, Fig. 18 shows gait motion of

walking motion. Fig. 17 shows

motion from sit-down posture

subject who is wearing assistance robot.

Fig. 18. The scene of gait motion

4. Conclusion

The hemiplegia patient could walk as normal
person does by attaching or inserting electrodes

to the motor position of each muscle and
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contracting muscles by application of patterned
electrical stimulation composed based on EMG
signal information which was extracted from
normal person’s muscle while they are walking.
But the walking by electrical stimulation could
quickly cause muscle fatigue of hemiplegia
patient. To reduce muscle fatigue phenomenon,
new method to generate proper pattern of
stimulation at paralyzed muscle and stimulate by
this pattern is recently under the consideration.
We reviewed data to compare contraction
strength and duration time after change of a few
parameters  of  stimulation  frequency  and
application to patient’s muscle.

We also developed stimulating device which
enables application of EMG signal to the muscle
of hemiplegia patient and designed walking
assistance device which could help patient’s
walking by control signal since continuous signal
from stimulating device could cause muscle
studied

generate various stimulating pattern using PC to

fatigue. We have algorithm  which
perform target motion of hemiplegia patient. We
have constructed hardware system which choose
proper pattern with respect to hemiplegia
patient’s motion and developed walking assistance
device which helps to reduce muscle fatigue.
Furthermore, we used state of patient as control
signal by wusing piezo sensor to send feedback
signal to assistance robot at walking mode. This
experiment was performed with partly paralyzed
hemiplegia patients and the experiment with more

serious patients is needed for the future study.
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