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Abstract – It is a device as an alternative to a computer mouse, controlled by myoelectric signals from the forearm 

and a motion sensor (accelerometer), for people with specific motor disabilities of the upper limbs. The three-stage 

constant proposed methodology, the first is the conditioning of the signals, the second the processing and the third the 

communication interface. Surface electrodes were used to detect myoelectric signals. The device specified 

functionality and versatility when using it, tests are tested with a person with traditional development. An adjustable 

circuit was designed so that anyone with electrical activity in the forearms can use it. It is functional in PC equipment 

and mobile phones compatible with USB OTG (On-The-Go) input.  

Keywords – Myoelectric Signals, Mouse, Ergonomics. 

I. INTRODUCTION 

Nowadays, the use of devices such as the computer and the cell phone have become essential in daily life, to 

develop work, school or entertainment activities. Statistics from the Mexican Institute of Social Security (IMSS) 

show that in 2009 52% of the insured suffered some type of injury to the wrist and hand, the most common 

being wounds, dislocations and fractures, including amputations.  

These indices occur more frequently in industrialized areas, such as the eastern area of Mexico, where there is 

the highest number of workplace accidents in the country [1]. 

Myoelectric Signals 

Myoelectric signals are signals generated by the electrical activity of muscles. These signals contain a large 

amount of information that can be used to identify the intention of a subject's movement. Myoelectric control 

uses pattern recognition in myoelectric signals or electromyography (EMG) signals generated by the muscles to 

obtain useful information and later use it in a control system [2]. 

II. MATERIALS AND METHODS 

 

The system diagram can be seen in the Figure 1. This device is capable of that, when connecting the 

electrodes, the signals can be detected and conditioned, so that later they can be processed together with the 

signals from the accelerometer. These will be processed to be used as control signals, which, together, will 

control the mouse functions. For signal conditioning, a block is required to pre-amplify, filter, amplify and 

rectify said signals, so that in this way they can be processed. 

In addition, a block for obtaining the characteristic curve and the equation that describes the path of the 

accelerometer sensor is required, to later program it in the microcontroller. 
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Fig. 1. General Block Diagram. 

Conditioning Myoelectric Signals 

For signal conditioning, a block is required to preamplify, filter, amplify and rectify the myoelectric signal. 

Figure 2 shows the block diagram of the myoelectric signal conditioning process. 

 

Fig. 2. Conditioning block for myoelectric signals. 

Instrumentation Amplifier 

The amplitude of myoelectric signals varies from μV to a low mV range (less than 10mV). The amplification 

of the signals in a range of 1 to 5 volts is required, since they will be processed in the PIC18F4550 

microcontroller, and this works in its ADC with an operating voltage of 1 to 5 volts.  

An instrumentation amplifier is a differential voltage device. Its main purpose is to amplify small signals that 

can be mixed with large voltages in common mode. Its main characteristics are high input impedance, high 

common mode rejection, low output voltage imbalance, and low output impedance [3].  

Due to the characteristics mentioned above, it was decided to use it in the design for the pre-amplification 

stage, which is shown in Figure 3. For the calculation of the final gain, equation 1 is used. 

It has to: 

             
   

  
    

  

  
                    (1) 

 

Fig. 3. Instrumentation Amplifier Circuit Design. 
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Responsive Band Pass Filter Butterworth 

The characteristics of myoelectric signals vary according to the muscle where they are obtained. Upper limb 

myoelectric signals have an amplitude of 10μV-10mV (peak to peak) and a frequency of typically 20-500 Hz. A 

band pass filter was designed in order to limit the frequencies in which these signals are found, the circuit design 

is shown in Figure 4. 

Band pass filters in the constant capacitance and resistance method are constructed using a low pass filter and 

a high pass filter in cascade configuration. 

Four parameters must be specified for the design of a Butterworth filter. These parameters can be set in 

various ways.  

The parameters are as follows. 

Ap = Attenuation in decibels in the passband. 

As = Attenuation in decibels in the rejection band. 

Fp = Attenuation to which it is presented Ap. 

Fs = Attenuation to which it is presented As. 

The filter design is divided into three parts, first you have to determine the order of the filter (equations 2 and 

3), then the scaling factor (equation 4) to finally determine the capacitive (equation 5) or resistive components 

depending on the case [4]. 

Filter Order 

It has to: 

2log( )
1 = 

log( )
s

p

E
EnB

f
f

             (2) 

where: 

0.1E1 = 10 1AP                (3) 

0.1E2 = 10 1As                             (4) 

Parameter Scale Factor 

To select the value of the components, the table of Butterworth values is used. 

The scaling equation for the low pass filter is:  

1
  

2
C

fR
               (5) 

To obtain the scaling equation for the high pass filter, R is cleared from equation 5. 

To obtain the resistor values for the high pass filter, the scaling factor is divided by those by the selected 

Butterworth coefficients (resulting from the filter order) [4]. 
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Fig. 4. Butterworth topology band pass filter design. 

Band Reject Filter (Notch) 

The Notch filter is characterized by rejecting a certain frequency that is interfering with a circuit, in this case 

the 60Hz frequency that is generated by the power line. The Notch filter will take care of exclusively rejecting 

60 Hz noise to deliver a completely pure distortion signal at the output. Twin-t and Fliege are the commonly 

used topologies for Notch filter design [5].  

The second-order Notch filter, which can be seen in Figure 5, has an attenuation of 40dB per decade in the 

band to be rejected. If a higher order of the filter is desired, the same is repeated, and connected in cascade. 

From the frequency and the quality factor the components of equations 6 and 7 are obtained: 

0

0 0
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2
f
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              (6) 

0

02

R
Q

R
               (7) 

 

Fig. 5. Notch Filter Design Fliege Topology Order 4. 

Final Amplifier 

In this last stage a non-inverting amplifier with a gain of 10 in this last stage a non-inverting amplifier with a 

gain of 10 was designed. It is important to mention that operational amplifiers with high input impedance are 

required. The circuit layout is shown in Figure 6. 

Equation 8 allows us to calculate the gain of the amplifier. 

2

1

A = 
R

R
              (8) 

 

Fig. 6. Final amplifier design. 



International Journal of Electronics Communication and Computer Engineering 

Volume 12, Issue 2, ISSN (Online): 2249–071X  

Copyright © 2021 IJECCE, All right reserved 

66 

AC-DC Converter 

Since myoelectric signals are alternating current signals, a circuit that detects the peaks (maximum voltage) is 

required, with the aim of having a positive DC level between 0 and 5 volts, which is the voltage handled by the 

PIC's ADC. 

The resulting DC signal will pass to the microcontroller's ADC which will distinguish between two voltage 

levels that control the left and right mouse click. The resulting RC network is derived from equation 9. 

1
 = R

Scr
              (9) 

 

Fig. 7. AC-DC converter design. 

Accelerometer Characterization 

The characterization of a sensor is based on calculating the characteristic equation of its behavior by means of 

the most exact measurements possible, this being the one that establishes the rate of change between the output 

variable with respect to the input variable, [6]. The arm movements (rotations) to be used can be described by 

the navigation angles (Figure 8). In the case of this project, two rotations in a two-dimensional plane (Pitch and 

Roll) were used. 

 

Fig. 8. Navigation Angles [7]. 

The accelerometer was connected with the microcontroller as shown in figure 9, and the sensor was mounted 

on a flat surface to be able to make the degree measurements of said sensor. 

 

Fig. 9. Accelerometer connection. 
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In order to control the mouse with the accelerometer signals, measurements had to be made of the voltage 

levels produced by the accelerometer sensor to obtain its characteristic curve. These measurements were made 

from -85 ° to 85 ° on both the X and Y axes so that from said data the characteristic equation of the sensor could 

be obtained and later included in the programming. 

2 3 15(    +  +...+  + )
 = 

16

lectura p p p prom
prom

         (10) 

Where: 

15 14

14 13

3 2

2

 = 

 = 

.

.

.

 = 

 = 

 

p p

p p

p p

p lectura

lectura read_adc

 

Once the ADC reading values had stabilized, the data were recorded in tables (see Table 1 and 2). 

Table 1. Measurements on the X axis. 

Degree ADC Values 

-85 512 

-84 513 

. 

. 

. 

. 

. 

. 

-2 335 

-1 333 

0 329 

1 325 

2 323 

. 

. 

. 

. 

. 

. 

84 154 

85 153 

Table 2. Measurements in Y axis. 

Degree ADC Values 

-85 512 

-84 513 
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Degree ADC Values 

. 

. 

. 

. 

. 

. 

-2 335 

-1 333 

0 329 

1 325 

2 323 

. 

. 

. 

. 

. 

. 

84 154 

85 153 

To obtain the curve and the characteristic equation of the sensor, the Matlab software was used, where the 

ordinate axis belongs to the degrees and the abscissa axis belongs to the digital values assigned by the 

microcontroller ADC (see Figure 10 and 11). 

 

Fig. 10. X axis characteristic curve. 

 

Fig. 11. Y axis characteristic curve. 
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To find the characteristic equation of the accelerometer, we choose to find a polynomial of the form, 

2 1

0 1 2 1( ) =  +  +   + ... ,n

np x a a x a x a x 


by means of a curve fitting method. Linear polynomials were discarded 

since, as previously mentioned, the sensor does not have a linear relationship and therefore they do not fit the 

accelerometer curve, so information would be lost or the conversion would not be as accurate. 

A fifth degree polynomial was chosen because it better resembles the curve plotted from the data obtained. 

Equations 11 and 12 are the equations that describe the trajectory of the characteristic curves of the X and Y 

axes respectively. 

10 5 7 4 3 2 2 = -1.9 10  + 3.2 10  - 0.00021  + 0.068  - 11  +  8.1 10GradX x promx x promx promx promx promx x    (11) 

10 5 7 4 3 2 3 = -2.4 10  + 4.2 10  - 0.00029  + 0.1  - 18  +  1.3 10GradY x promy x promy promy promy promy x             (12) 

Once the sensor has been characterized and the myoelectric signals have been acquired, the mouse interface 

algorithm that also processes these signals together is carried out, so that control of the mouse functions with the 

proposed device is achieved. 

III. RESULTS AND DISCUSSIONS 

A sinusoidal test signal is shown in pink, with amplitude and frequency characteristics within the typical 

ranges of the myoelectric signal. Power line noise was added as well as external ambient noise to simulate less 

than ideal conditions. Signal 2 shows the output of the instrumentation amplifier, as you can see the signal is 

amplified and also the noise is reduced. 

Signal 3 shows the output of the band pass filter, in this stage the frequency bands where the myoelectric 

signals are found (20Hz-500Hz) are limited. Once the signal has been bounded, it passes through the Notch or 

notch filter stage which eliminates the 60Hz band corresponding to the power line. Once the signal has been 

filtered, the final amplification is given, as observed in signal 5. From this signal, it is desired to obtain two DC 

voltage values for which a rectification and detection of the maximum points is necessary as shown in sign 6. 
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Fig. 12. EMG signal conditioning circuit simulation. 

Figure 13 shows the frequency response of the filters as a whole (band pass filter and Notch filter). You can 

see the attenuation in the frequencies below 20Hz and in the frequencies greater than 500HZ, as well as 

attenuation in the 60Hz band. 

 

Fig. 13. Frequency response of the filters. 

Figure 14 shows the output of the final amplifier, once the signal has previously passed through pre-

amplification and filtering. 

A maximum amplification of approximately 4.6V was obtained. 

 

Fig. 14. Myoelectric signal at the output of the final amplifier in Oscilloscope, during a contraction of the upper limb. 

In Figure 15, we can observe the behavior of a myoelectric signal during a contraction, when comparing 

images 15 and 16 we can observe the similarities in the behavior of the signals. 
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Fig. 15. Myoelectric signal during contraction [15]. 

Two levels of amplitude were required to control the left and right mouse click. Two contractions were 

established with the hand of different strength. For the control of the left click (which is the most used) it was 

determined to use a less force than that of the right click. To obtain the amplitude levels of the myoelectric 

signal, a peak detector circuit was used. The amplitude levels shown by this can be seen in Figure 16. 

 

Fig. 16. Output signal at the peak detector. 

These amplitude levels at the output of the peak detector are what are programmed to control the mouse click 

functions. 

The device showed functionality and versatility when using it (see figure 17). The test subject was able to 

interact with the computer (without the need to touch it) with arm movements and arm contractions. The cursor 

movement actions, as well as selection, were achieved.  

 

Fig. 17. Functional test of the device. 
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IV. CONCLUSIONS 

Linearizing a system can be very useful since it becomes easier to study it and in the case of programming a 

linear equation, it requires fewer resources when performing operations on the microcontroller, but at the cost of 

losing information. If you want to work with a higher order equation, it can demand slightly more resources 

from the microcontroller, but it gains in precision. A device of this type is especially interesting in individuals 

who suffer from some type of condition in the upper limbs, which hinders their activities and their interaction 

with computers and / or cell phones. The proposed circuit for the implementation and construction of an 

ergonomic mouse prototype showed functionality and versatility when using it. 
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