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Wearable Device for EMG and EOG acquisition
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Abstract — This article presents a wearable device capable of
acquiring both facial EMG and EOG biopotentials. The circuit
developed has amplification and filtering stages that eliminate
higher frequency noises and low frequency biopotentials to use a
band of frequency for acquisition of contractions from Frontalis
muscle above the eyebrow and ocular movements on the vertical
and horizontal axis. The output signal has an adjustment of gain
and an offset that permits the application in embedded systems
and digitally processing to eliminate 60 Hz noises. The wearable
device is a mask with five electrodes allocated to make the
acquisitions according to the positioning. The circuit is capable of
acquiring both facial EMG and EOG simultaneously, but in this
article they were acquired individually. Improvements in the
whole system are being made and other ocular movements, like eye
focus and involuntary movements for example, may be acquired
in future works involving this system.

Index Terms—Biopotentials, Bioengineering, Signal Processing.

I. INTRODUCTION

HE human body produces electrical signals, due to the

activity of excitable cells in central nervous systems, called

biopotentials or potentials bioelectric [1]. Among all
biopotentials, electromyogram (EMG) and electrooculogram
(EOGQG) are commonly used as input in human-machine interface
systems [2], [3].

EMG is the electrical muscle signal, which is produced by
muscular contractions from impulses of the central nervous
system [4]. These signals are responses of stimulus from motor
units, neurons responsible for muscle contractions. The signal
from motor units presents amplitudes from 20 pV to 2000 pV
and the time for the excitation process range between 3 ms to
15 ms [1]. There are two main approaches for EMG acquisition:
intramuscular and superficial, being the last the most used. In
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superficial EMG, the electrodes are allocated on the skin
acquiring data from a sum of signals of motor units, besides; it
is a non-invasive technique [5].

The human eye can be modeled as an electric dipole, which
the corner represents the positive potential and the retina the
negative potential. Based on this principle, the signal from EOG
is acquired. The amplitude ranges from 0.05 mV to 3.5 mV and
its frequency between 0 Hz to 100 Hz. These signals have linear
behavior for angles from 50° in horizontal movements and 30°
in vertical movements [6]. The acquisition techniques for EOG
are similar to EMG and therefore the electrodes are placed near
the eyes [7]. For acquisition from horizontal movements, the
electrodes are positioned above and below one of the eyes, and
for vertical movements, are positioned on the external side of
both eyes. There are others ways for electrodes placement,
however, they are less effective or are used for only one type of
movement [8].

Biopotentials acquisition systems can be used both in
diagnostic applications and in human-machine interfaces [7],
[8]. Usually the circuits for acquisition of these two signals are
allocated in wearable devices such as glasses and caps [9], [10].
Some of these applications use flexible circuits for better
adaptation of the electrodes on the skin, other uses wireless caps
for comfort improvement. These human-machine interfaces can
aid in both locomotion systems and communication, improving
the life quality of disabled people [11]-[13].

Therefore, this work presents a circuit able to acquire both
EOG and facial EMG, which can monitor both facial muscle
groups and eye movements simultaneously. Besides, the circuit
provides an output with 2.5 V offset for use in embedded
system.

II. RELATED WORKS

As the scope of the work deals with the development of a
system for the acquisition of facial EOG and EMG signals,
works that focused on this development as well are presented.

Several works present the development of systems for EOG
and facial EMG acquisition, specially searching for wearable
devices [7], [9]. These devices use different materials from
commonly devices and present themselves as low cost devices
[10]. Besides that, about the signal processing, others works
searching the development of human-machine interfaces to
control computer mice, improve the communication between
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people, and facilitate the locomotion of individuals [6], [8],
[15]-[19].

Aiming at development an acquisition system for EOG and
facial EMG to study the human emotions and use in interface
control, reference [9] presents a device with six channels with
a head cap. Reusable electrodes were embroidered with silver-
coated wire in the device. The steps of acquisition, signal
conditioning (such as amplification and filtering), and data
transmission are presented, since the system was developed to
be wireless.

Another work [7] presented the acquisition of EOG and
facial EMG by a wearable device formed by a network
containing 20 printed passive electrodes, these being fixed in a
textile headband. This device was developed to control a mouse
cursor and/or simulate functions of a keyboard. Thus, the signal
processing steps were developed involving the conditioning of
the signal, feature extraction, and calibration, to perform the
cursor tests. The best control speed found for the mouse was
200 pixels/second. In addition, this work concluded that the
number of electrodes should be decreased because of the
proximity of the electrodes affected the control accuracy.

Differently from the other studies already presented, in
reference [10] a device of acquisition of EOG signals is
presented. By fixing electrodes in an adjustable eyewear frame,
the authors sought to implement a wearable and low cost
device. The data were acquired, analyzed, filtered and is made
the blink and saccade detection. The results presented were
referents to the waveforms obtained from the raw EOG and
smoothed and truncated EOG data.

Due to skin irritation often caused by conventional Ag-
AgCl electrodes, a wearable system has been developed using
graphene coated tissue electrodes for the acquisition of EOG
signals [14]. Thus, a comparison was made between the
acquired signals of Ag-AgCl electrodes and the graphene
electrodes of textile. As a result, textile graphene electrodes
showed a high degree of flexibility and elasticity, making them
suitable for various EOG applications such as development of
wearable human-computer interfaces and monitoring of
epileptic patients and driver drowsiness [14].

III. MATERIALS AND METHODS

A. Methodology

Figure 1 shows the stages the signal passes through. The
tests of the circuit started by the filtering stage using a wave
generator of the DSO-X 2012A oscilloscope. The signal used
for the tests was a tension of 20mV peak to peak and was used
a logarithmic scale for the frequency acquisition, 50 points of
frequency were used, most of the near the cut-off frequencies.
This same signal was used to test the gain adjustment stage, but
in this case, the frequency was fixed in 90 Hz.

Electrodes placement was based on previous works and in
[8] and in [5]. The first acquisitions were made in the
oscilloscope, but due to 60Hz noises later acquisitions were
made using LabVIEW™ with DAQ USB-6212.

B. Circuit Design

The acquisition system has the functions of acquiring and
conditioning (amplification and filtering) the signals from
electrodes on the skin. The stages which the signal passes

through in the circuit are presented in Figure 2. The project was
based on [20].
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Fig. 1. Diagram of the circuit stages.

The first stage of the circuit is the amplification of signals
collected from the skin, is presented in Figure 2a). An integrated
circuit INA128 is used to amplify the signals; it has high input
impedance and high common mode rejection ratio (CMRR).
Two resistors of 220 Q were used to adjust the gain for 114.63,
according the equation (1):

G:1+—50kQ (1)

Rg

wherein G is the desired gain and Rg is the value of gain
resistance, which is the sum of the two resistors [11].

A right leg driver is coupled to amplification stage. This
circuit increases the CMRR (Common Mode Rejection Ratio),
and it is used because in biopotentials acquisition systems the
voltage in common mode of the body has to be minimized [5].
Figure 2b) presents the schematic for this circuit that redirect the
common voltage through the reference electrode, reducing this
interference [1]. Jointly with the right leg driver, two capacitors
were used to build a high-pass filter with a cut-off frequency
between 5 and 6 Hz. This filter is used to attenuate low
frequencies signals like movements artifacts and others
biopotentials.

Figure 2c) presents a low pass filter used to attenuate high
frequency noises and its project was based on [22]. This filter
has a 2" order Butterworth approximation with cut-off
frequency of approximately 120 Hz. The gain of this filter is
unitary.

The last two stages, Figure 2d), of the circuit have the
function of gain adjustment and signal conditioning. The signal
coming from the low-pass filter passes through an adjustment of
gain with a variable resistance of 100 kQ; the gain can be
adjusted to a maximum of 13.19. The signal conditioner
provides an offset of 2.5 V for uses in an embedded system. This
last stage of the circuit is a voltage adder which adds the tension
of the gain adjustment with the tension of a LM7805 that is a
tension regulator. [23]. After all the stages, the output of the
circuit is a signal from 0 to 5 V with a variable gain.

C. Mask Development

The system, as said before, was developed to acquire both
facial EMG and EOG signals. For the acquisitions, five
electrodes were allocated in a wearable mask; this helps the
positioning and fixation as shown in the Figure 3. The mask is a
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Fig. 2. Circuit schematics: a) Amplification; b) Right leg driver; ¢) Low pass Filter; and d) Signal Conditioning, and Gain adjustment.

device that can be connected to the circuit using a one-meter
cable, approximately, and depending on the desired input, the
user can choose, by the connector in the mask, which electrode
will capture the signal.

Fig. 3. Mask design: a) Electrodes placement in the wearable mask. EMG are
for Frontalis acquisition. EOGv+ and EOGv- are for vertical EOG acquisition.
EOGh+ and EOGh- are for horizontal EOG acquisition. In b), position of the
mask on the face.

The EMG signals are from contractions of the Frontalis
muscle, it was acquired by two electrodes positioned above the
eyebrow of the right eye. For EOG acquisitions four electrodes
were used. Vertical movements were acquired by two
electrodes, one of them above the eyebrow (EOGv+) and
another below the eye (EOGv-). Horizontal movements were
acquired by the other two electrodes, which are positioned on
the external area of both eyes (EOGh+ and EOGh-).

The signals of EMG were acquired from contraction and
relaxation of the muscle with a short interval of time. EOG
signals were obtained with vertical and horizontal movements of
the eye: up-middle and down-middle for vertical movements;
left-middle and right-middle for horizontal movements. The
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acquisition was performed in the own researcher and the circuits
are in agreement with the ecthical committee in Human
Researches from UTFPR registered under the CAAE:
89638918.0.0000.5547.

IV. RESULTS

First results obtained are referring to circuit responses. It is
possible to observe in Figure 4 the experimental frequency
response and the operation of both filters pre-sent in the circuit;
It was used a logarithmic scale and 50 points of frequency to test
the filtering stages. Figure 5 demonstrates the performance of
gain adjustment stage also obtained by experimentations. Both
of these signals were acquired in the oscilloscope DSO-X 2012A
using an input voltage of 20mV peak to peak and a frequency of
90 Hz approximately.

15
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0

Magnitude (dB)

10° V V o 710' ) V o 71027 7 S 710:'
Frequency (Hz)
Fig. 4. Waveform referring to circuit responses, with a) the indication of high-

pass cut-off frequency and b) the low-pass cut-off frequency.

By Figure 4 the performance of a bandpass filter is observed,
with  frequency values between S5 Hz and 120 Hz,
approximately. This response is within what was fore-seen for
the circuit operation, eliminating external noises of higher
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frequencies and interferences from biopotentials of lower
frequencies.

It is also important to note the response of the variable gain
stage (Figure 2d); using values of 20 kQ, 30 kQ, and 70 kQ
respectively, according Figure 5. Using an input signal sine
wave of 20 mV peak to peak (90 Hz), was adjusted to an output
of 0 to 5V using the gain stage and the offset of 2.5V an
increase can be noted of the output circuit signal’s peak to peak
value until saturation point in values higher or equals to 70 kQ.
The signal of Figure 5 b) might seem saturated, but in this
response, the input signal has an amplitude much higher than a
biopotential, hence it can be disregarded.
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Fig. 5. Performance of gain adjustment stage as the value of the variable
resistance is changed to a) 20 kQ, b) 30 kQ, and c¢) 70 kQ. The input signal sine
wave of 20 mV peak to peak (90 Hz) was adjusted to an output of 0 to 5 V using
the gain stage and the offset of 2.5 V.
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During acquisitions realized with the mask, it was acquired
signals of biopotentials separately. First, the facial EMG signals
were obtained (from researcher) and then the signals from
horizontal and vertical EOG. The EMG signals were collected
from contractions of the Frontalis muscle using LabVIEW™
with DAQ USB-6212 (isolated from mains supply) and it can be
observed in Figure 6, where it represents a characteristic curve
of this type of biopotential. In this case, the muscle group is
smaller and that is why the potential of the contraction is smaller.

The signals of EOG acquisitions are separated in vertical and
horizontal movements. It is observed, by Figure 6, that every
time there is an ocular movement, both vertically and
horizontally, a peak of voltage occurs. This demonstrates the
movement of a dipole formed by the eye. In this case, the
electrodes are switched for vertical acquisitions; when there is a
positive peak in vertical acquisition, means look to down, in
horizontal acquisition look to left. Same thing goes for looks to
down and to right. It is important to note that every time the eye
comes back to central position, occurs a peak contrary to what
has already happened, showing that the dipole came back to
origin position.

V. DISCUSSION

The first case to be discussed is the system and the how the
mask was developed. Noise processing is an important aspect in
biopotential acquisitions, specially 60 Hz noises coming from
electric and electronics devices nearby. As seen in Figure 3 the
mask cables are not blinded, furthermore, the whole circuit is
susceptible to these noises. Therefore, the acquisitions were
made digitally using LabVIEW™ to eliminate all the possible
noises. Using the mask reduces undesirable movements from the
electrodes as well, because of it the obtained signals have low
incidence of artifact movements.

During the mounting of the circuit some problems related to
gain and cut-off frequency were noticed. Initially there was no

EHG!
T
0 pladenly ﬁ mjh-\.ﬁ"m.],.u-nwdﬂ ,L', k|
04 [ L L A A L " " L 3
0 0.5 1 1.5 2 235 3 35 4 4.5
EQG Down
2‘3_! i a

241 |
| ! |
22 22t | ! |
- 4 L. L I 4
o 2 4 6 a8 10 i] 2 4 ] ] 10
EOG Right
28 9 28 EOG Left
|
24 I 2.4 b A i 1 |
2.2 pry o = - - o mm Fan Bamaiies B 2 A e | ey vrses | et
2t | i 2
I I |
1.8 . L Rl . - .
1] 2 4 L] 8 10 1 2 3 4 5 & T ] 9 10
Time (s)

Fig. 6.Acquires EMG and EOG signals.
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variation of gain and problems associated with saturation of the
signal often occurred, hence a gain adjustment stage was built
on the circuit which can be altered according to the subject of
testing. Thus, the EOG signals have a low frequency, and the
acquisition of these signals depends on the cut-off frequency of
high-pass filters, on the first project, the INA’s gain resistors had
other values that precluded the EOG signal. After all necessary
alterations were made, the final circuit, shown in Figure 2, was
mounted.

Every time a ocular movement happens, a peak occurs in the
signal, the peaks from horizontal movements have the same
potential for both directions, right and left, but the peaks from
vertical movements has a difference; for up-middle movements
the peaks have less potential due to electrode positioning.
Electrodes positioned above the eyebrow are farther than the
other ones, but in terms of acquisition the signal can be
processed in the same way.

VI. CONCLUSION

Although some problems were noticed during mounting and
testing of the circuit and system, satisfactory results were
obtained. All the acquisitions were as expected, and all the
results were better than previous projects.

The next steps are to create more channels in a reduced
circuit to start real applications using simultaneous acquisitions
of these biopotentials. Besides, an embedded system will be
made to process the signals digitally reducing noises from
electronic devices nearby.

Some experimentation are being made with this system to
acquire other ocular movements, like eye focus and involuntary
movements during daily activities.
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Dispositivo vestivel para aquisi¢ao de sinais

de EMG ¢ EOG.

Resumo — Este artigo apresenta um dispositivo vestivel capaz de
adquirir biopotenciais faciais de EMG e EOG. O circuito
desenvolvido possui estiacios de amplificacdo e filtragem que
eliminam ruidos de alta frequéncia e biopotenciais de baixa
frequéncia para o uso de um abanda de frequéncia para aquisi¢ao
de contracdoes do musculo Frontalis acima da sobrancelha e
movimentos oculares nos eixos vertical e horizontal. O sinal de
saida possui um ajuste de ganho e um offser que permite a
aplicacdo em sistemas embarcados e processamento digital para
eliminar ruidos de 60 Hz. O dispositivo vestivel é uma mascara
com cinco eletrodos alocados para realizar as aquisi¢cdes de acordo
com o posicionamento. O circuito € capaz de adquirir tanto o EMG
facial quanto 0 EOG simultaneamente, mas neste artigo eles foram
adquiridos individualmente. Melhorias em todo o sistema estdo
sendo feitas e outros movimentos oculares, como foco ocular e
movimentos involuntarios, por exemplo, podem ser adquiridos em
trabalhos futuros envolvendo esse sistema.

Palavras-chave—Biopotenciais, Bioengenharia, Processamento de
Sinais
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