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Abstract- Exercise is an effectual healing process for people who have lost their body
functioning of motions due to flimsy muscles. In this paper we propose a method of initiating
motion in disabled or physically weak human wrist using his/her diminutive muscular force. The
present work introduces a process of sensing Electromyography signals for wrist motion. A low-
cost device is presented which involves active bidirectional (hyperextension/flexion) movement
of the wrist joint, controlled by specific EMG signals triggered by forearm muscles. The design
undertakes all procedures and techniques for extraction of EMG signal, sensatory circuit, signal
acquisition, amplification and filtering, ADC, and interfacing of simple model hand controlled
by a controller (Arduino) via DC motor for bidirectional wrist movement. The instrument assists
its user in moving and strengthening respective muscles. The concept is well-suited for
rehabilitation robotics and prosthetic devices for handicap individuals.
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1. Introduction

Human body is multifaceted biological machinery. The functioning of human body is an
intriguing and fascinating activity [1], but one may get deprived of his/her body parts movement
due to any misfortune. One of the human limits in performing physical tasks is the muscles’
strength [2]. In the society in which the birthrate is decreasing and aging are progressing, it is
important that physically weak individuals take care of themselves without the help of others [3].
Loss of wrist operation due to weak muscles can result in loss of functionality of hand. In this
perspective, valuable work has been proposed by researchers. We have been developing
exoskeleton systems [4]-[7] to assist motion of physically weak persons such as elderly,
disabled, and injured persons [8]. It is important for the exoskeleton especially that for medical
or welfare uses, to be controlled according to the user’s intention [8]. The skin surface
Electromyogram (EMG) is one of the most important biological signals in which the human
motion intention is directly reflected. Therefore, it is often used as a control command signal for
a robot system [8]-[11]. In our research, a control process for exoskeleton system for human
wrist (flexion/hyperextension) motion assistance is designed, which is primarily powered by
EMG signals of forearm muscles.
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Due to the design complexity, most of the systems were mainly for lower limb stroke support
[12]. For example Hybrid Assistive Limb (HAL) from Tsukuba University Japan, to help people
with hemiplegia [13], BLEEX robotic exoskeleton which was developed by University of
California at Berkley for military purposes [14], EXPOS and SUBAR robotic assistive-
rehabilitation devices from Sogang University [15],[16],[12]. Some upper limb exoskeleton
systems were proposed [12], like 5-DOF wearable MGA exoskeleton from University of
Maryland for [17], 5-DOF serial-parallel MAHI exoskeleton for upper limb training
rehabilitation which was made in Rice University USA [18], parallel pneumatic actuated
exoskeleton from that was proposed by Korea Institute of Science & Technology [19], [12].
Extraction of EMG signals is a hard task. These signals vary significantly even for the same
repetitive motion in single person. Furthermore, each muscle activity for a certain motion is
highly nonlinear, because the responsibility of each muscle for the motion varies in accordance
with joint angles [20], [21], and [8]. Physiological condition of the user also affects the activity
level of muscles [22], [8]. The muscle force can either be rapidly changing or relatively constant
[23]. Three steps are being undertaken to obtain useful EMG signals: 1) amplification 2) band-
pass filtering to eliminate extraneous noises, 3) rectification to generate a nonzero mean signal
[23]. This device is being designed to provide

1) assistance

2) intended movement of wrist joint

3) enhanced motion of hand (flexion/hyperextension)

4) EMG control for prosthetic/orthotic device

2. Electromyogram

A person with lost hand movement may generate a minute muscular force by forearm muscles
while moving his/her upper-limb. These signals can be utilized as commanding signals for hand
assistive device or for prosthetics.

These signals are EMG (Figure 2.1), which when observed using suitable means would give
pictorial representation of electrical activity of the contracting muscle [24], [25]

0.1 m™» I

10 ms

Figure 2.1 Typical EMG signals [25], [26]

Voluntary EMG results from voluntary contraction of muscles, under willful action of the brain
[25]. EMG signal, acquired from [25] forearm muscles is sent as an input to a dc servo motor
operating the wrist joint, via Arduino. The microcontroller, used to sense the presence of this
output, is programmed to decide whether to activate the motor or not, and if yes, in which
direction to rotate it [25]. To avoid painful experience by needle electrodes, non-invasive surface
electrodes are being used to sense the signal.
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3. The Design System
The architecture of the compact devise is illustrated in block diagram below.

Sensory Instrumentation Signal Active
Devices ’ Amplifier * Filtration * Rectifier

¥

Muscle Motor Drive
= (== ADC | Movement = un
Detection
L Arduino UNO

Block diagram 3.1

3.1.Sensory Devices

Appropriate electrodes are required to sense bioelectrical movement inside the muscle; Surface
electrodes best suited the device requirement. These electrodes are easy to handle; the theory
behind these is that they form a chemical equilibrium between the detecting surface and the skin
of the body through electrolytic conduction, so that current can flow into the electrode [1]. No
medical personnel supervision is required for their use. “Gel-electrodes use an electrolytic gel as
a chemical interface between the skin and the metallic part of the electrode. Oxidative and
reductive chemical reactions take place in the contact region of the metal surface and the gel.
Silver - silver-chloride (Ag- AgCl) is the most common composite for the metallic part of gelled
electrodes. The AgCI layer allows current from the muscle to pass more freely across the
junction between the electrolyte and the electrode. This introduces less electrical noise into the
measurement, as compared with equivalent metallic electrodes (e.g. Ag), due to the fact; Ag-
AgCl electrodes are used in over 80% of surface EMG applications” [27].

“Gelled electrodes can either be disposable or reusable. Disposable electrodes are the most
common since they are very light. Disposable electrodes come in a wide assortment of shapes
and sizes, and the materials comprising the patch and the form of the conductive gel varies
between manufacturers.

In addition, electrode placement on the target muscle area known as Motor Unit, The smallest
functional unit to describe the neural control of the muscular contraction process [28]. When the
motor unit is activated, it produces a ‘Motor Unit Action

Potential’ (MUAP) [1], [29]. It is important to
distinguish MUAP’s from rest of the muscle so that one — lectrode ampifier

can analyze the firing frequency of muscular force. This

potential is then fed into the amplifier circuit via ™™
electrodes as depicted in figure 3.1. O renve axon —

Fig. 3.1
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3.2. Instrumentation Amplifier
With differential amplification, it is now possible to measure the full effective bandwidth of the
EMG signal. Raw EMG can range between +/- 5000 microvolt’s (athletes!) and typically the
frequency contents ranges between 6 and 500 Hz, showing most frequency power between ~ 20
and 150 Hz [28]. The EMG signal is gathered with respect to a reference. A reference electrode
turns as ground for target signal. After accurately detecting the target muscle site, clearing the
skin and placing the EMG electrodes at intended location comes the signal acquisition.

EMG signal is acquired through differential amplification technique. The differential amplifier
should have high input impedance and very low output impedance. Ideally, a differential
amplifier has infinite input and zero output impedance [30]. For this purpose instrumentation
amplifier can be utilized as shown in Fig 3.2.

The differential amplification detects the potential differences between the electrodes and
cancels external interferences out. Typically external noise signals reach both electrodes with no
phase shift. These “common mode” signals are signals equal in phase and amplitude. The term
"common mode gain" refers to the input-output relationship of common mode signals. The
"Common Mode Rejection Ratio" (CMRR) represents the relationship between differential and
common mode gain and is therefore a criteria for the quality of the chosen amplification
technique. The CMRR should be as high as possible because the elimination of interfering
signals plays a major role in quality.

A value >95dB is regarded as acceptable” [28]. The
gain of differential amplifier can be adjusted by easy
computation. The equation is given as:

Gain={1+ 2R./ Ryin } Rs / Rs

R3
W

b_ Vﬂl\l
2 Fig.3.2

www.wikipedia.com

A
B

Vout = (V2— V1) * Gain

Where R1, R2, R3, and R-ain are resistances, V1 and
V2 are the differential inputs of the circuit. In this
experiment, we used IC LM741 operational amplifier both for signal buffering and differential
amplification due to low cost and efficiency. The gain of the final circuitry was set to 500.

3.3. Signal Filtration

The useable range of EMG signal is from 50-500 Hz. and the
dominant information lies in 20-150 Hz. An appropriate band- Band Pass Filter
pass filter (figure 3.3) was designed according to required 1|7
specifications. Combination of low pass filter and high pass I
filter eventually forms the band pass filter. The desired cut-off

frequencies of respective filters can be calculated through j
following equation: B

Passband

————

f=1/2nRC
Calculated as f1=49.7Hz and f2=483Hz for this studly. 0

=h

fz

Fig. 3.3
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3.4. Active Rectifier

A full wave rectifier with smoothing capacitor was employed for fine DC voltage signal as
analog input to Arduino UNO. A simple diode bridge circuit was integrated in series with output
of the filter.

3.5. Arduino and movement detection

Arduino Uno is a microcontroller board based on ATmega328. It contain 14 digital input/output
pins, 6 analog inputs, a 16 MHz resonator, a USB connection, a power jack, an ICSP header, and
a reset button. It contains everything needed to support the microcontroller. It also encompasses
10-bit ADC which coverts analog signal into digital one which becomes the input to controller.

4. Results

4.1. EMG Signal Amplifier

The individual components of the EMG amplifier were tested separately. All results were
extremely close to theoretical values. A sinusoidal input was provided by a function generator
and the output was read from an oscilloscope. The differential amplifier results are shown in
Table 4.1. The common mode rejection (CMR), or gain, was close to its theoretical value. The
common mode gain (CMG) was equally close to its theoretical value of zero.

V1 V2 Vout

Grounded 10mVpp, 20 Hz sin wave 5Vpp, 20 Hz sin wave
10mVpp 20 Hz sin wave Grounded 5Vpp, 20 Hz sin wave
Grounded Grounded 0.03 Vpp, 20 Hz sin wave
10mVpp 20 Hz sin wave 10mVpp, 20 Hz sin wave 0.03 Vpp, 20 Hz sin wave

Table 4.1 Differential Amplifier Test Results

A frequency sweep of the band-pass filter was taken, A One
volt peak to peak Sin wave was provided at the input. The
lower cut-off, mid-band, and upper cut-off frequencies were
found to be approximately 49 Hz, 140 Hz, and 480 Hz,
respectively. The cut-off frequencies are essentially the same
as the theoretical values of 49 Hz and 480 Hz. By multiplying
the gain of all components, a total gain of 510 was achieved.
This gain is higher than the theoretical total gain of 500 and
can be explained by the op amp’s deviation from its ideal
characteristics. Overall, the EMG amplifier was capable of
acquiring muscle potential movement. Figure 4.1 is a picture B¢
taken of an oscilloscope displaying the output of the designed

circuitry. |

Fig. 4.1
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4.2. Movement detection Algorithm ,

The muscle movement detection algorithm (flexion or ‘ READENMG SIGNAL E & F RO ‘
hyper extension) is the second most important part after s oo e o]
EMG signal acquisition in this study. Arduino software !

was used for Arduino programming to achieve desired
results. The algorithm is presented in figure 4.2 for the
detection of the movement. When a signal is detected, the +
controller check the incoming value with predefined
threshold reference voltage value in controller and drive
the motor unit in appropriate direction. _ Fig.4.2

Call Hyper—
Extension and lock
for some delay

Call Flexion and
lock for delay

4.3. Motor drive Unit

As per the requirement of this project, a simple servo motor was selected. Servo movements are
controlled by the Arduino controller. For driving the mechanical hand-support, a servo motor is
elected over a stepper motor servo have greater speed, lesser in weight and it provide smooth
rotation at even speed. Moreover, the driving circuits for such motors are cost-effective. A9V, 3
W motor, with a rated rpm of 3000, is used in the design. It is programed for 0-180 degree to
cover maximum movement of the wrist from flexion to hyper extension. As a test case, a 5v DC
signal with a variable resistor in series was given as input given at analog pin of Arduino. A full
range of movement from 0-180 degrees was observed against 0-5Volts input, and vice versa.

5. Conclusion

Some developments have already been made in the field of EMG driven exoskeleton devices but
no or little concern for Third World countries. The paper discussed a simple, but meaningful
design of a portable device for the rehabilitation of wrist and/or prosthesis with a focus on cost-
effectiveness. Presently, the primary concern is on perfecting the design: both electrical and
mechanical. This paper dealt mainly with the electrical part leaving out the details of the
mechanical design. Research is being done on the mechanical design in order to see the face of
perfection. The major obstacle that lies ahead is the readiness of apposite material here in our
county. The device and the wearable glove (out of the scope of this paper), currently being used,
are prepared of steel which makes it heavy and slow in operations. If wearable have been made
using a light-weight, but strong material, weight of the complete prosthesis would have pointedly
reduced and the performance would have enhanced.
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