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ABSTRACT

A linear enveloped circuit for processing of EMG signal has been designed and presented in this paper. The
circuit acquires EMG signals from forearm muscle namely Flexor Digitorum Superficialis (FDS) using
surface electrode and processed in into linear enveloped form. EMG can be defined as the electrical
potential produced due to the contraction of muscle. EMG signal requires processes of preamplification,
band limiting, rectification and smoothing in order to gain output signal in enveloped form. The output
signal can be used for application in robotic such as prostheses or exoskeleton.

Keywords: EMG, Flexor Digitorum Superficialis, Signal Processing, Preamplifier, Driven Right Leg, Band

pass filter, CMMR, Linear Enveloped EMG Signal, Sallen Key

1. INTRODUCTION

Human hand is an indispensable organ of
human structure, function and expression. It is
capable of producing complex and expressive
articulation. It is a daunting challenge for robotic
engineer to emulate human hand in the applications
of prosthetics and exoskeleton due to the complex
neurophysiology of human hand. There are a total
of thirty five muscles which are responsible for the
complex movement of human hands[1].

Physiological variations in the membranes
of muscle fiber cause myoelectric signals. A
technique used for reading and analyzing the
myoelectric signal is called Electromyography
(EMG). Electromyography (EMG) is a method
used for recording the electrical activity on skeletal
muscles. EMG signals can be acquired by using
invasive electrodes or more commonly non-
invasive electrodes. Surface electrodes are a non-
invasive approach used to measure an electrical
concentration that can be analyzed through signal
processing.

As been discussed in many journals, the
surface EMG signals are within the range of +/- 500
microvolts, and the ranges of frequency content are
from 6 Hz to 600 Hz which the dominant frequency
range is from 20 Hz to 150 Hz [2,3,4,5,6,7]. Two
types of noises are contained by this signal;
ambient noise come from the electromagnetic
devices and it has a wide range of frequency
component, however 50 or 60 Hz is the dominant
frequency component. Transducer noise generated
at the skin electrode junction. Electrode converts
ionic current from the muscles into the electric
current and during the process two types of
transducer noises are produced. Direct voltage
potential is generated due to the difference in the
impedance between the electrode surface and the
skin, and the alternating voltage is generated due to
the fluctuations in impedance between the skin and
the electrode. To reduce it, Argentum Chloride
(AgCl) surface electrode is selected[8].

To remove these noises, the EMG signal is
required to be processed either by using software
such as Matlab or using instrumentation technique.
In this paper, instrumentation technique is selected
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and the process include preamplification, band pass
filtering, rectification and smoothing. The output
from these process is linear enveloped EMG signal
and it can be used for further analysis.

In this paper, one subject is selected and
the muscle used is Flexor Digitorum Superficialis
(FDS). FDS muscle is selected to measure hand
grip strength while the subject grip an object at
different wrist angles. From [9], FDS muscle was
chosen because it is the forearm muscle responsible
for finger flexion and the clenching of fists.

2. EXPERIMENT DESCRIPTION

The experiment consists of designing an
electronic circuit to measure EMG signals from the
FDS. The EMG measurements are recorded using
GW Instek GDS-3000 digital oscilloscope while
the subject is gripping a hand dynamometer with
force levels and different wrist angles.

3. METHODOLOGY

3.1 Sensors placement

To determine the location of the FDS we
placed the palm of our hand on the medial
epicondyle and extended our thumb and fingers
down the forearm as shown in Fig 1. Each of the
fingers and thumb will be above a particular
muscle; thumb — pronator teres, index finger —
flexor carpi radialis, middle finger — palmaris
longus, ring finger — flexor digitorum superficialis,
and pinky finger — flexor carpi ulnaris[10]. AgCl
electrodes then placed in FDS muscle as shown in
Fig 2.

Fig 1: Hand Palm On Medial Epicondyle

Fig 2: Agcl Electrodes On FDS Muscle

3.2 Preamplifier with Driven Right Leg Circuit

For first stage of signal conditioning, a
preamplifier circuit with Driven Right Leg (DRL)
concept is designed. Preamplifier will amplify the
EMG signal and eliminate noises in the signal. To
eliminate the noise signal from power line sources, a
differential detecting configuration is employed.
The signal is detected at two sites which are positive
and negative input from the electrode, the electronic
circuitry subtracts the two signals and amplifies the
difference. Any signal that common for both
detection sites will be removed and signals that
different from the two sites will be subtracted and
amplified. Several necessary steps were taken in the
circuit design as described here:

1) Instrumentation amplifier with High CMMR

[9] mentioned higher high common
mode rejection ratio (CMMR) has the
capability for the instrumentation amplifier
to subtract noise which appears as common
mode signals to the instrumentational input.
ADG620 [11] is selected as instrumentation
amplifier with minimum CMMR value at
100dB. The low current noise from this
component is suitable for EMG monitoring.
It also has low bias currents and low current
noise, added low voltage noise that improves
the dynamic range which makes AD620
suitable for medical application. Fig 3 show
the pin configuration of AD620.
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Fig 3: AD620 Configuration[6]

2) Driven Right Leg (DRL) Circuit

Pin 1 and 8 of AD620 is connected to
the Driven Right Leg (DRL) circuit. This
DRL circuit is referred from [12] and is used
as to have better and higher CMMR where
the main noise created due to the power lines
removal. The common mode noise signal is
fed to “bony’ human body such as elbow and
serves as the reference electrode to increase
the signal to noise ratio (SNR) of the
preamplifier. The gain used for this circuit is
26. The circuit in Fig 4 meets the specific
criteria for good preamplifier circuit with
DRL concept.
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Fig 4: Preamplifier Circuit With DRL Concept

3.3 Band Pass Filter

The second stage in this circuit is band pass
filter which has cut-off frequency at 20Hz to 400Hz
due to the optimum EMG signal is in between that
range. According to [13], the signal to noise ratio of
EMG signals can increased by having filter
between 20HZ to 500Hz. The design characteristic
consider 400Hz as the upper bandwidth cut-off.
The band pass filter is divided into two parts which
are Sallen Key second order high pass filter and
Sallen Key second order low pass filter. Both filters
are cascaded to make a band pass filter. As
mentioned in[14], Sallen Key is suitable for the
application that require preservation of amplitude
and linearity in the band pass region. It also
removes motion artifact and high frequency noise
from the signal.

Both Sallen Key high pass and low pass filter
used OPA2604PA as the operational amplifier. To
design Sallen Key high pass filter, capacitor range
for filter design is from 100pF for high frequency
and 100nF for low frequency. The value selected
for C7 and C8 are 100nF. In order to calculate the
resistor value of R6 and R7, the online Sallen Key
high pass filter design calculator is used[15]. With
capacitor C7 and C8 value at 100nF and cut-off
frequency 20Hz, the resistor value obtained for
R6=112539.5Q and R7=56269.8Q.

As for Sallen Key low pass filter, the online
Sallen Key low pass filter is used[16]. The cut-off
frequency value at 400Hz and capacitor value C11
and C12 are respectively 20nf with resistor value
R8=RY suitable is 20k€2. From Fig 5, the output for
band pass filter is connected to full wave precision
rectifier circuit.

RB c10
s
th iad 100nF

Sallen ey High Pass Filter

Ve
Sallen Keylow Pass Filter

Fig 5: Sallen Key High And Low Pass Filter
3.4 Full Wave Precision Rectifier

Operational amplifier is called precision
amplifier because the ability to rectify lower
amplitude signal. Based on research from[17], after
the signal amplification, the signal passed through a
precision rectifier to get decent output in
unidirectional positive phase signal.

From [14], the diode selected is 1N4148
precision diode as normal diode wont rectify the
EMG signal properly and cause increased noise in
the signal. OPA2604PA is selected as operational
amplifier with value R10, R11, R12, R13, R14 at
150kQ. Fig 6 show the Full Wave Precision
Rectifier with output from the circuit connected to
the smoothing circuit.

From sallen key low pass fitter

R1
e

80k

R14

Fig 6: Full Wave Precision Rectifier

3.5 Smoothing Circuit

Low pass filter is used in smoothing circuit
to passes the signals with frequency that is lower
than the cut-off frequency. It attenuates the signals
with higher frequency than cut-off frequency. Low
pass filter exists in many forms such as anti-
aliasing filters, digital filter for smoothing and etc.
Low pass benefit gives a smoother form of the
signal by removing short term fluctuation and
leaves the long term trends.

Smoothing is done as for the EMG signal
to resemble muscle force exerted by the individual.
Smoothing is done by passing the output from full
wave rectifier through an active low pass filter with
low cut-off frequency[18]. The value for cut-off
frequency for this filter is 1.95Hz with capacitor
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value C20 is 1pF. Noted that cut-off frequency
value may vary depends on individual. Fig 7 show
the low pass filter for smoothing purpose. By using
online calculator of low pass filter [14], the resistor
value obtained is 81.617kQ. The resistor value of
R15 and R16 is 82kQ.

from full wave rectifier
R15

pratam 2
o
82K 3

TEXT
OPA2604PA|

to inverting amplifier

I

C23 | =
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il

Smoothing circuit

e

Fig 7: Smoothing Circuit

3.6 Inverting Amplifier

As stated in [18], the signal is rectified and
passed through smoothing circuit with 1Hz
frequency to smoothen out the peaks and obtained
an enveloped of the EMG signal. This linear
enveloped EMG signal can be used for further
analyzing and processing. Based from early stages
of circuit, the operational amplifier has gain of 26.
For inverting amplifier, it has the gain of 100 where
IMQ/10kQ=100 to amplify the signal. Therefore
the total gain of this circuit is 26 x 100 = 2600. As
for to make this circuit more flexible to solve
different people with different signals amplitude,
R18 is replaced with 1M variable resistor. It is for
the circuit have more variable value of gain as
shown in Fig 8. The output from this circuit is
connected to the oscilloscope to analyze the EMG
signal.

from smoothing circuit

output
s 10k

+ 1
OPAZE04PA
EXI=

{1

| 100nF

Inverting Amplifier

Fig 8: Inverting Amplifier

3.7 Power Supply

Each of the IC used (AD620 and OPA2604PA)
is being supply with two 9V batteries for +9V and -
9V. In pin 7 and pin 4 AD620, the supply is
connected to this two pins. As for OPA2604PA, pin
5 and 8 are used to connect to the +9V and -9V.

3.8 Bypass Capacitor

Each IC has two bypass capacitors connected
with 100nF value. In this bypass filter, it can
defense against unwanted perturbations on the
power supply. It also eliminates voltage drop on the
power supply by storing electric charge to be
release when voltage spike occurs[20]. Bypass
capacitor should be place as near as possible to the
IC power supply. Extra distance converts additional
series inductance which lowers the self-resonant
frequency of bypass capacitor. One capacitor is
connected between +9V supply and ground while
other capacitor was connected between -9V supply
and ground.

3.9 Linear Enveloped EMG Circuit

The circuit is constructed on solderless board
before transferred on Printed Circuit Board (PCB)
circuit. The circuit is designed and tested using
Proteus ARES software. Fig 9 show the finished
PCB circuit of EMG circuit.

Band pass filter

| Full wave
rectifier

Input from
electrode

Smoothing and
inverting amplifier

Fig 9: Finished PCB Of EMG Circuit

4. EMG SIGNAL ACQUISITION

EMG signals from subject FDS muscles
were recorded using GW Instek GDS-3000 digital
oscilloscope as shown in Fig 10. Measurements
were taken while subject was gripping the hand
dynamometer at force level 120N=+0.5 with wrist
angles 90°, 60° and 120° respectively. LabQuest
interface as shown in Fig 10 is used as indicator for
force level and printed protractor. From figure
below, subject will grip the hand dynamometer at
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10 seconds at each force level. The EMG waveform
from oscilloscope will be saved in USB device. The
signal saved from the oscilloscope is observed at
different force level and wrist angles.

‘ Protractor R
'\ 4 -
v

N ==
!Ib,

Fig 10: Experimental Setup For EMG Acqusition

5. RESULTS AND DISCUSSION

The experiments were carried out as described
in the previous section and oscilloscope displayed
the resulting of EMG signals at force level
120N+0.5 with wrist angle 90°, 60° and 120°
respectively. The results then saved in a waveform
as shown in Fig 11 for 90°, Fig 12 for 60° and Fig
13 for 120°. From the waveform, the peak to peak
(Pk-Pk) is tabulated in Table 1.

Table 1.Peak To Peak From EMG Signal At 120N+0.5
With Wrist Angle 90°, 60° And 120°

to be process by using signal processing software.
The signal condition by using instrumentation
technique has already gives output signal in a linear
enveloped form.
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Fig 12: EMG Signal For 120N+0.5 With Wrist Angle 60°
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A linear enveloped EMG circuit was developed
o measure and obtain EMG signals from subject
FDS muscle. Increasing angles gives resulted in
increasing peak-to-peak value from EMG signal.
The information will be used in future work to
establish the relationship between EMG signal from
forearm muscle and hand grip strength. The
information also can be used as application for
prostheses and exoskeleton.
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