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Abstract 

The EMG (Electromyography) signals are basically electrical pulses emitted by the nerves and 

muscles of the extremities of the human body, (for example the biceps of the arm) which are 

obtained by means of electrodes. These signals can be amplified and used in different activities 

or jobs. In the present investigation the EMG signals, acquired from the biceps of the arm to be 

used, are used by means of three surface electrodes specifically placed to be able to acquire 

the signals transmitted by the biceps muscles, which with the use of a differential amplifier will 

be measured and amplified the difference in voltage between the three electrodes that is placed 

in the muscle, taking into account that the signals are between the ranges of µV and less than 

10mV. In the following stages the preparation of the signal is done to connect it to a 

microcontroller. In this case, the Arduino card will be used, where the already amplified signal 

is processed and transmitted wirelessly with the help of NRF24L01, which has a range of 1000 
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meters away from the control system in the Robot Vehicle. In this comes the variation of tension 

depending on the deflection of the arm and therefore the Robot vehicle accelerates or slows 

down depending on the signal emitted by the arm amplifier system. Finally, the prototype is 

adjusted and the fundamental mechanical-electronic characterizations for the different control 

movements are established. 

Keywords: EMG signals, Wireless transmission, Robot vehicle, Microcontroller, 

Amplification. 

 

Resumen 

Las señales EMG (Electromiografía) son básicamente pulsos eléctricos emitidos por los 

nervios y músculos de las extremidades del cuerpo humano, (ejemplo el bíceps del brazo) 

los que se obtienen por medio de electrodos. Estas señales se pueden amplificar y ser 

utilizadas en diferentes actividades o trabajos. En la presente investigación se utilizan las 

señales EMG, adquiridas del bíceps del brazo a utilizar, por medio de tres electrodos 

superficiales colocados específicamente para poder adquirir las señales trasmitidas por los 

músculos del bíceps, que con la utilización de un amplificador diferencial se medirá y 

amplificará la diferencia de voltaje entre los tres electrodos que se coloca en el músculo, 

teniendo en cuenta que las señales se encuentran entre los rangos de µV y menores de 

10mV. En las siguientes etapas se realiza la preparación de la señal para conectarla a un 

microcontrolador. En este caso se utilizará la tarjeta Arduino, en donde se procesa la señal 

ya amplificada y se trasmite inalámbricamente con la ayuda del NRF24L01, que tiene un 

alcance de1000 metros de distancia al sistema de control que está en el Vehículo Robot. En 

este llega la variación de tensión dependiendo de la deflexión del brazo y por lo tanto el 

vehículo Robot se acelera o desacelera dependiendo de la señal emitida por el sistema 

amplificador del brazo. Finalmente se ajusta el prototipo y se establecen las 



 

caracterizaciones fundamentales mecánicas-electrónicas para los diferentes movimientos de 

control.  

Palabras clave: Señales EMG, Trasmisión inalámbrica, Vehículo Robot, Microcontrolador, 

Amplificación.

1. Introduction 

This research seeks to encourage the academic community in the study, development and 

innovation of technologies to be able to create culture in the use of bioelectric signals generated 

by the muscles of the body.  

Given that these signals are difficult to acquire and process because they are very small (in a 

range of 1-10mV) and highly susceptible to noise. [1,2] 

This project focuses on the interaction of bioengineering with a motion control system of a 

Robot-Vehicle that is located in the Avionics laboratory, belonging to the aeronautical 

electronics technology of the non-commissioned officer’s school “CT Andrés M. Díaz”, together 

with the research group on security, electronics and aeronautical defense technologies 

(GITSEDA). 

The prototype consists of acquiring the electromyographic signals (EMG), which are processed 

in different stages: amplification, filtration, analog-digital conversion (ADC) and sent wirelessly 

to the control and generate movement to the robot vehicle. 

We can find other research that has been done in the registration and processing of the EMG 

signals in which we find. 

The study entitled Superficial EMG multichannel classification using vector machines as a 

support and signal optimization, proposes a method for the supervised classification of 

multichannel surface electromyographic signals in order to control myoelectric prostheses. [3]. 



 

 

In a study published in Intelligent Signal Processing and Communications Systems (ISPACS), 

Intuitive Robot Navigation through EMG and Wireless Sensor Acceleration in the Human Arm, 

a new method of controlling robot navigation through electromyography (EMG) and 

acceleration sensors attached to human arms is proposed. This method allows the user to 

control the robot remotely by its intuitive movement as the direction of the car. [4-5]. 

We can appreciate that in Mexico we are also working on the acquisition of EMG signals and 

transmit them wirelessly in order to have a database of the person's muscular behavior. [2] 

In the article Design of a wireless electromyographic signal acquisition system, this new EMG 

signal acquisition system is capable of acquiring the myoelectric signals produced by the 

muscles in real time in order to save and graph the data obtained, in this way Muscle activity 

can be calculated, analyzed and studied. [2] 

In recent years, the acquisition and analysis of electromyographic signals in real time has been 

extremely difficult in one of the research fields with the greatest boom due to its multiple 

applications. [2-6-7]. 

One of the most important is the control of exoskeletons as support of the human movement, 

for example, its use in rehabilitation, prosthesis control and training for the analysis and 

increase of strength [2-8-9]. As part of the same studies conducted in EMG, different 

researchers have developed the control of machine-robots, through muscle activation [2-10-

11]. 

2. Robot Vehicle Control System 

The investigation is developed for the speed control of a robot-vehicle, with the processing of 

the EMG signals.  

Before examining the EMG signals, we have to analyze that performing a simple movement 

requires the intervention and joint work of many neurons. The process is as follows: the order 

is generated in the brain and transmitted in the form of an electrical impulse, this impulse travels 



 

through the spine and reaches the motor neurons responsible for innervating the muscle that 

develops the action stimulating muscle fibers and thus producing the expansion or muscle 

inhibition. [12] 

Figure 1. Process that follows EMG signals [19]. 

 

 

2.1. EMG signals 

The human body generates different types of electrical potentials or signals such as 

electroencephalography (EEG), electromyography (EMG), electrooculographic (EOG) and 

electrocardiographic (ECG) among others, which provide the functioning of the body's organs. 

The study of these signals can be used for the detection of pathologies of the organs that 

produce them. [13] 

The different signals generated with different levels and frequencies as seen in table 1. 

Table 1. the frequency range and dynamic range for various bioelectric signals are shown. [2] 

Señales Bioeléctricas. Intervalo de frecuencias Intervalo dinámico 

Electroneurograma (ENG) 100Hz- 1kHz 5 µV – 10 mV 

Electroretinograma (ERG) 0.2 – 200Hz 0.5 µV – 1 mV 

Electrooculograma (EOG) DC – 100Hz 10 µV – 5 mV 

Electroencefalograma (EEG) 0.5 – 100Hz 2 – 100 µV 

Electrocorticograma 100Hz – 5kHz 0.5 – 10 µV 

Electromiografía (EMG) 500Hz – 10kHz 1 – 10 µV 

Electrocardiograma (ECG) 0.05 – 100Hz 1 – 10 mV 

 

In the investigation we focus on the acquisition of EMG signals, generated from the biceps 

brachial muscle. 



 

 

2.2. Biceps brachial muscle 

Its origin and insertion acts on both the shoulder and elbow joints, so this muscle participates 

in the more than few arm movements. Its name derives from its two heads that join the coracoid 

process and the supraglenoid tubercle of the scapula. So basically, the biceps muscle has a 

double origin, but a unique insertion. This defines the structure of the muscle so that it has the 

two heads that merge into a single distal body. [14] 

Figure 2. Brachial biceps muscle [23]. 

 

In the acquisition of the signal in the muscle, surface electrodes were used and for placement 

according to the SENIAM standard (Surface ElectroMyoGraphy for the Non-Invasive 

Assessment of Muscles) [15]. In which it indicates the distance where the electrodes should be 

placed in the muscle. 

2.3. Robot-Vehicle prototype findings 

2.3.1. Acquisition of the EMG Signal 

After determining the theory of EMG signals and identifying which muscle group you want to 

measure, follow the recommendations of the SENIAM, clean the skin thoroughly, an electrode 

is placed on the skin, over half the length of the muscle of the Biceps, we will call this mid 

muscle electrode. Next, a second electrode is placed at one end of the muscle, and we will call 

it the end muscle electrode. Finally, the third electrode is placed in a bony part of the body near 

the muscle group, it will be called a reference electrode. [16]. 



 

Figure 3. Position of the electrodes in the reception of the EMG signal. 

 

Source: own. 
 
 

2.4. Development of the EMG signal sensor circuit 

The sensor circuit is developed in three parts. They are developed, the first amplification, 

second rectification and finally the filtering of the signal. 

2.5. Amplifier stage 

After the reception of the signal, the circuit that amplifies the signal is performed, using the 

integrated INA106, it is a differential operational amplifier whose function is to measure input 

that is of small levels (1 - 10 µV) and amplify the signal 110 times. 

Figure 4. Amplifier stage circuit. [20] 

 



 

 

2.5.1. Signal rectification and filtering stage 

At this stage we use three TL072 operational amplifiers. 

It is a double low noise operational amplifier, ideal in audio circuits, 3 MHz bandwidth, high 

speed, JFET high impedance inputs, low power consumption. [17] 

The circuit performs the rectification of the signal that leaves the amplified INA106, the circuit 

will carry the negative part of the signal and make it positive, this to position the entire signal in 

the positive region.        

Figure 5. It indicates the input signal in the rectifier circuit and the signal at the output of the 

rectifier circuit. [21]. 

 

Subsequently, the signal enters the low pass filter, with the purpose of taking the alternating 

current (AC) signal, converting it to a direct current (DC) voltage, and redirecting to the Arduino 

card. 

Figure 6. It indicates the input signal in the low pass filter circuit and the signal at the output 

of the low pass circuit. [21] 

 



 

Figure 7. a) Grinding stage and b) signal filtering. [20] 

 
 

2.5.2. Gain Stage 

This is the last stage of the signal sensor another TL072 operational amplifier is used. We take 

the signal that leaves the active low pass filter, it is acquired at the input of the amplifier circuit 

and at the output of the amplifier an amplified signal is obtained and with a smoothing to later 

process it in the Arduino and transmit it wirelessly to the robot car. 

Figure 8. Signal gain circuit. [20] 

 
 
 

2.6. Signal processing and transmission. 

With the operation of the EMG signal sensor, with the amplified signal between the levels of 

1.5V to 5.0V, we import it to the Arduino UNO card through the internal analogue converter port 

(ADC), that the card brings. 

Figure 9. The pin diagram of the Arduino one is shown. [17] 

 



 

 

Internally in the Arduino the output of the already digitized signal is generated and with the 

software the information obtained is processed and assigned to a variable, (remember that the 

EMG signal is in a range of 1.5V to 5V) [24]. The variable is made equal to the signal and is 

sent wirelessly via the NRF24L01 antenna. This device is an antenna that transmits at a 

frequency of 2.4 GHz, and up to 1000 meters. 

Figure 10. The pin diagram of the NRF24L01 Antenna is shown. [18] 

 

 

This antenna comes with an SMA connector and a duck antenna, it also brings a special 

RFX2401C chip that integrates the PA-LNA switching and transmission-reception circuits. This 

range extender chip along with a duck antenna helps the module achieve a significantly greater 

transmission range of approximately 1000 meters. [18] 

The image shows the acquisition of the EMG signal from the arm and is integrated into the 

Arduino UNO and then transmitted. 

Figure 11. EMG signal transmission mode. 

 
Source: own. 

 



 

2.7. Receiving, processing, and extracting the signal 

The reception of the signal in the robot vehicle is done through the NRF24L01 antenna, which 

is connected to the other Arduino UNO card located in the robot car. When the variable 

transmitted by the transmitter is acquired, it is processed by the software and depending on the 

voltage the program encodes it and assigns it a value that is between 0 to 255, which are the 

PWM values and control the motors speed.  

Table 2. Assignment of the variable with respect to the PWM values, which controls the 

speed of the motors. 

VARIABLE 
(V) 

PWM 

1,3V 51 

2,3V 102 

3,3V 153 

4,3V 204 

5,0V 255 

 
Source: own. 

 
Assigned the value to the PWM, it is distributed through the output port where the driver card 

that controls the four motors of the robot vehicle is located. Depending on the value of the 

variable, the motors advance. As the received variable increases or decreases the speed of the 

robot vehicle's motors will rotate slowly or rapidly. 

Figure 12. Software responsible for prototype control. 

 
 

Source: own. 



 

 

2.8. Vehicle Control-Robot 

The control of the vehicle-robot begins at the reception of the variable with the NRF24L01 

antenna. The motors are controlled with the Motor Shield V1.0 driver card. 

Figure 13. The pin diagram of the Shield card is shown. [22] 

 

 

This card is responsible for sending the voltage to each of the motors, depending on the PWM 

output of the Arduino card where it is connected. 

Figure 14. Car-robot control system. 
 

 
 

Source: own. 
 
 
 

2.9. Analysis of the prototype vehicle-robot tests 

The EMG signal tests, driver and motor calibration were performed, along with the variable 

transmission tests. 



 

2.10. EMG signal settings 

In the analysis of the tests of the signal sensor, the variation of the voltages within a range of 

1.3 to 5 volts was observed, which were calibrated with the last amplifier stage of the signal 

sensor and observed in the digital oscilloscope of the laboratory, and thus establish the lakes 

of the signal to be transmitted [23-25]. 

Figure 15. Oscilloscope where adjustments were made to EMG signal levels. 

 

Source: own. 
 
 

 
 

2.11. Driver and motor calibration. 

 

In the avionics laboratory, adjustments and calibration of the engines were carried out together 

with the driver card that oversees the PWM control. 

Figure 16. Adjustments and calibration of the robot vehicle. 

 

Source: own. 



 

 

 

EMG signal transmission assays. 

After establishing that the system is calibrated, the EMG signal transmission tests are carried 

out, it is the one that was observed at different distances, the speed was maintained and when 

force was exerted on the muscle, the motor-robot engines were accelerated [26-29]. 

3. Conclusions 

With the development of the vehicle - Robot project, a new vision is opened to continue 

investigating EMG signals and implementing them in other possible solutions. 

With the application of EMG signals we open other fields in the aeronautical part, to be exploited 

in the use of these signals. To acquire very small signals of the movements in the muscles, to 

be able to amplify them, process them and then transmit them wirelessly. This shows us that 

we can control more complex robotic systems by simply moving one limb of the body. 

With this research, the academic community of the noncommissioned officer school of the 

Colombian Air Force was encouraged. In the study, development, and innovation, in new 

technologies that use EMG signals.  
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