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Abstract 

A multi-channel portable EMG amplifier and acquisition device is proposed.  The device is intended to be used with myoelectric 
prostheses, therefore there is an emphasis on the multichannel real-time acquisition, portability, current consumption and connectivi-
ty features. 

The goal of the design is to implement the latest low-power high speed technologies available on the market today. 

The device is not yet intended to run the EMG signal algorithms, but to send the raw signals to the PC where it will be more conven-
ient to process the data for the research purposes.  

This document covers the EMG signal all the way from the muscle through the amplifier, the Driven Right Leg (DRL) noise suppres-
sor, filtering, digitalization and PC communication.      
The article includes complete schematics, analysis and tests of the device. 

 
 
1. INTRODUCTION 

 
The EMG signal, recorded from a surface elec-
trode is comprised of the action potentials of many 
single motor units SMU (fig. 1). The resultant sig-
nal has a frequency range from 25Hz to several 
thousand Hertz and amplitude in the range of 20-
2000 uV [1][2]. 

 

Fig. 1 

The amplifier must be designed to cover this fre-
quencies and amplitudes. 

According to Nyquist-Shannon theorem, which ba-
sically says that the sampling frequency must be at 
least two times higher the then the highest fre-
quency sampled. If this theorem is not respected, 
aliasing will occur. The above requirement has im-
portant consequences to the design because we 

must choose a cut off frequency high enough not 
to lose valuable signal but low enough to avoid a 
very complicated and expensive design. 

The core of the design is the microcontroller. It 
must be chosen very carefully so that it is powerful 
enough to be able to process the data at the cho-
sen sampling rate but at the same time to be with 
as low as possible current consumption. High 
power consumption will need bigger batteries 
hence the design will became bigger and heavier. 

There are several communication possibilities for 
the design. In recent years many manufactures de-
veloped small and easy to implement OEM mod-
ules for different type of communication – USB, 
Wireless, Bluetooth and GSM modules. For this 
design a Bluetooth module is chosen because, we 
need a wireless communication with enough speed 
and a distance no more then 10-20 meters, which 
is perfectly covered by the Bluetooth module. 

Below a general block scheme of the design is 
shown.              

 

Fig. 2 (Block scheme of the device) 
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Fig. 3. The device prototype 

2. AMPLIFIER 

A three-channel amplifier has been designed to 
measure the EMG signal. The block diagram de-
picted in Figure 2 shows the different stages. The 
amplifier consists of: preamplifier, Driven Right Leg 
(DRL), filter, second amplification stage.  

2.1. Preamplifier 

The preamplifier is based on the AD627 instrumen-
tation amplifier by Analog Devices. This IC has 
very good CMRR, very low offset voltage, and very 
high input impedance.  Also it is a micro-power and 
has rail to rail operation which can allow us to use 
lower voltage levels. 

The gain of the amplifier is determined by the for-
mula: 

Gain= 5+(200kC/Rg) 

Rg=200kC/(Gain/5) 

A gain of 10 have been chosen for this stage.  

A group of resistor and diodes clamped to the sup-
ply rails is used to protect the inputs from static 
discharge. The resistor and the 56 pF capacitor 
form low-pass stability filter.  

During testing of the initial device a problem was 
discovered. Due to the very high input impedance 
of the AD627, when an electrode inadvertently falls 
the amplifier saturates in all channels through the 
DLR schematic. To solve this problem and to as-
sure redundancy of the system TLC 2252 micro-
power opamps were added before the instrumenta-
tion amplifier as a simple voltage follower.         

2.2. Driven Right Leg (DRL) 

The biggest noise origin in the EMG bandwidth is 
the electrical network interference. It produces a 

common mode voltage in the patient body and 
sometimes this voltage is higher than the useful 
signal. The DRL system is based on a feedback 
circuit that drives the common-mode voltage back 
to the patient body, amplified and phase reversed 
by 180°. This feedback improves the CMRR by an 
amount equal to (1+A) where A is the closed loop 
gain of the feedback loop. 

In this design the common voltage is collected by 
from the two resistors of the Rg group. Then 
through a voltage follower, which purpose is to 
protect the gain circuitry, it goes through an invert-
ing amplifier which reverses it to 180°. And then it 
goes back to the patient. A current limiting resistor 
is added to protect the patient. A typical DRL im-
plementation is shown on fig. 4 [5]. 

 

Fig. 4 
 

2.3. Filters      

After the preamplifier the next stage is the groups 
of high-pass and low pass filters.  

The frequency range of the amplifier is chosen to 
be 25Hz – 500Hz. This range is chosen to elimi-
nate the low frequency noise witch is mostly below 
25Hz. The upper cut off frequency is chosen so 
that the signal will include the most of the EMG 
signal and to ease the signal processing.  

Simple RC filters are chosen for this stage. First it 
is the high-pass filter and then the low pass.  

Fc = ½ πRC 

For High Pass We have: 

C = 0.22 uF and R = 33 kΩ Fc = 22 Hz 

For Low pass we have: 

C = 0.056 uF and R = 5.6 kΩ Fc = 507 Hz 

2.4. Second Stage Amplifier 

The second stage amplifier is a non-inverting am-
plifier with a gain of 50.  
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In this stage we translate the signal to single-
supply with a zero-point at 1.65V.  

MCP609 is used for the design. It is a micro-power 
rail to rail op-amp, designed for single-supply pur-
poses. Additional filtering is added at the gain set-
ting network and at the output of the amplifier. 

2.5. ADC 

A dedicated multichannel ADC - ADS7844 sche-
matic is used. It is a micro-power 8-channel ADC 
with SPI communication. The maximum sampling 
rate is 200 kHz.  

Most of the present day microcontrollers have ADC 
integrated into them by using them instead of a 
dedicated ADC presents several problems. First it 
is the power supply decoupling. To improve the 
noise suppression usually the power lines in the 
analog schematic is decoupled through a LC net-
work to supress the noise from the digital schemat-
ics. Using the MCU ADC will add noise to the ana-
log schematic.  

Another problem is design commonality. If we 
change the microcontroller we need to redesign 
also the analog part of the schematic to use the 
new MCU ADC. 

Since the upper frequency of the amplifier is set to 
500 Hz and according to the Nyquist-Shannon 
theorem, the minimum sampling rate per channel 
is 1000Hz. To further improve the digitalization a 
sampling rate of 2000Hz is chosen. 

The amplitude range of the signal is from 0 V to 
3.3 V. 

The general parameters of the amplifier are: 

Frequency response: 25 Hz – 500 Hz 

Total Gain: 500 

Dynamic range: ±3.3 mV 

3. DIGITAL PART 

The digital part of the device consists of: MCU, 
LCD for displaying critical data, the Bluetooth 
transceiver and a SD card holder for logging data.  

3.1. Microcontroller  

There is a wide variety of options for the Microcon-
troller. The chosen MCU for this project is the Mi-

crochip PIC24FJ128A306 [4]. It is a 16-bit MCU 
with 128 kB of Program memory, 8 KB of RAM, 
NanoWatt Technology for extreme low power con-
sumption and up to 32 MHz of operation speed.      

The main reason to choose this MCU for the pro-
ject are: 

- The very low power consumption;  
- High speed; 
- Low profile; 
- The availability of the Peripheral Pin Select 

function; 
- The available Development tools MPLAB 

and MICROCHIP C16 C-compiler. 

3.2. Bluetooth transceiver       

Bluetooth was chosen for the design. It will give 
freedom of movements for the device and has 
enough range. 

There are many manufacturers of Bluetooth trans-
ceivers, which function as a simple serial port over 
Bluetooth. There is no need to develop specialized 
applications and drivers for communications, be-
cause it is transparent to the MCU and the host 
computer. Based on popularity and known quality 
the SENA PARANI BCD-210 was chosen [6].  The 
module is first configured with the tool ParaniWin 
where the speed and authentication options are 
set.  

 

Fig. 5. Parani  BCD210DC 

3.3. LCD Display 

A low profile monochrome LCD display is chosen – 
DEM12864L from Display Elektronik Gmbh. It fea-
tures a Chip on Glass technology and 128x64 re-
solution. It has very low power consumption. 

3.4. SD Card 

A SD card slot is provided to collect a log data. The 
SD card is working in SPI mode. 
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3.5. Power supply  

Power is provided by a single AAA battery which, 
because of the low power design is enough for at 
least 10 hours of operation.      

A very efficient voltage convertor IC is used – 
MAX1676.   
 
4. EXPERIMENTS 

To test the device a Software EMGLAb was devel-
oped.  

The device is tested on different muscles with real-
time signal processing. 

 

 

Fig. 6. Rectus femoris muscle 
 

 

Fig. 7. Rectus femoris during walking 

 
 

 

 

Fig. 8. Electrode placement for the Rectus  
femoris experiment  

 
5. CONCLUSION 

The device extracts very well the EMG signals 
from the muscles. The light weight and small size 
make it transparent the test patient, which gives us 
very accurate experimental results for the patients 
gait and movements.  

This gives us an opportunity to develop models for 
recreation of missing muscles based on the data 
for other muscles. 
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Fig. 9. Digital part of the device  
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Fig. 10. Analog part of the device 


