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Abstract— Human-robot interface has a key role in many 

application fields. Hand gesture is a very natural form of 

human interaction and can be used effectively in mind 

controlled Robot. In this paper, we propose a “Human 

Machine Interfacing Device” utilizing hand gestures to 

communicate with computers and other embedded systems 

acting as an intermediary to an appliance. Developments in 

field of robotics have enabled desired commands being 

executed using signals from human brain . This paper 

discusses EEG  techniques that use sensors to measure the 

positions of the fingers and the position of the hand in real-

time in Robotic Arm. Interaction using BMI technology for 

effective communication through mind controlled robotic 

arm will help in empowering physically challenged to 

interact and perform desired tasks. This paper focuses on 

robotic arm that is proposed to be used for gesture 

recognition as per human thoughts and accordingly robot 

movement will take place. 

Key words: brain machine interface, brain-computer 

interface, non-invasive interface, man-machine interface, 

EEG, fMRI, MEG, EMG, tele-operation[1] 

I. INTRODUCTION 

Brain Machine Interface (BMI) is a domain concerning 

recording, interfacing and interpretation of the 

electroencephalogram. Electroencephalogram (EEG) is a 

record of the electric signal generated by the cooperative 

action of brain cells, or more precisely, the time course of 

extracellular field potentials generated by their synchronous 

action. EEG can be measured by means of electrodes placed 

on the scalp or directly on the cortex. In the latter case, it is 

sometimes called electrocorticogram (ECOG). In a 

physiological sense, measured EEG power reflects the 

number of neurons that discharge synchronously. Because 

brain volume and the thickness of the cortical layer is 

positively correlated with intelligence, it is tempting to 

assume that EEG power too, is a measure that reflects the 

capacity or performance of cortical information processing. 

II.  THEORETICAL BACKGROUND 

Neurons in the brain can impact all aspects of human life 

including completing motor activities, performing mental 

thought, memories, and dreaming. The 

electroencephalogram (EEG) is a recording from the surface 

of the scalp generated by many biopotentials in the 

cerebrum of the brain. More specifically, it is a recording of 

the action potentials and the postsynaptic potentials of 

cortical cells. Since we are recording from the surface of the 

scalp, we are measuring potentials from many cells at the 

same time. The potentials of the neurons in the brain can 

vary as a function of the emotional, mental, or physiological 

state of the person. At first glance, EEG data may look like 

an unstructured, non-stationary, noisy signal. However, 

advanced signal processing techniques can be used to 

separate different components of the brain waves. These 

separate components can then be associated with different 

brain areas and functions.. The frequencies and typical 

amplitudes of these components are shown in the Table 

2.1.Alpha waves are generally found in the EEG when the 

individual is awake in a quiet, resting state with their eyes 

closed. The alpha wave can be detected primarily from the 

occipital lobe but also from the parietal and frontal regions 

of the cerebral cortex. During sleep, however, the   alpha 

waves disappear. 

Rhythm 
Typical Frequencies 

(Hz) 

Typical Amplitude 

(µV) 

Α 8-13 2-100 

Β 13-22 5-10 

Γ 0.5 – 4 20-100 

Γ 4-8 10 

Table 2.1: EEG Brain Rhythms 

Beta waves are recorded from the parietal and 

frontal lobes. They appear when the individual performs 

some specific type of mental activity or are attentive to an 

external stimulus. They are lower in amplitude than the 

alpha rhythms, but this is not due to there being less 

electrical activity. Instead, desynchronization, also known as 

alpha block, occurs, reducing the amplitude of the net signal 

recorded from the scalp. As mentioned previously, non-

synchronized potentials tend to cancel each other, resulting 

in a lower amplitude signal. Figure 2.1 shows the generation 

of EEG signal through a neuron. Theta waves occur mainly 

in the parietal and temporal regions. These occur sometimes 

during emotional stress and often in degenerative brain 

states. Delta waves are the very low frequency components 

of an EEG. Deep sleep and certain brain diseases give rise to 

delta waves. 

Fig. 2.1: Potential generation through neural activity 
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A. Literature Survey: 

1870 

Scientists discover the motor cortex. They apply 

electricity to the brains of dogs. causing  their limbs 

to move. 

1969 

At the university of Washington , monkeys are 

taught to move  a dial using nerve impulse recorded  

from their brains. It is the 1
st
 BMI 

1982 

Electrical firing of  neurons in the motor cortex is 

shown to predict which ways a monkey’s limb is 

moving 

1998 

Doctors  implant a single  electrode into the brain of 

a paralyzed  man who can not speak. He is able to 

move a cursor to select messages from a comp. 

menu 

2014 

Paralyzed  man’s  limb by means of thought  control. 

His brain signal activate electrodes on his arm 

,making it move. 

Table 2.2: Literature Survey 

III.  HARDWARE DESCRIPTION 

A. EEG sensor: 

EEG signal preprocessing and segmentation Information 

content of EEG signals is essential for detection of many 

problems of the brain and in connection with analysis of 

magnetic resonance images it forms one of the most 

complex diagnostic tools[2]. To extract the most important 

properties of EEG observations it is necessary to use 

efficient mathematical tools [6], [7] to enable reliable and 

fast enough processing of very extensive data sets in most 

cases. Digital filters can be used in the initial stage of EEG 

data processing to remove power frequency from the 

observed signal and to reduce its undesirable frequency 

components. 

 
Fig. 2.2: General Block diagram of BMI 

Wavelet transform forms a general mathematical 

tool for signal processing with many applications in EEG 

data analysis[8], [9], [10], [11], [12] as well. Its basic use 

includes time-scale signal analysis, signal decomposition 

and signal compression. And also in Brain Machine 

Interface EEG signals are the signatures of neural activities. 

They are captured by multiple-electrode EEG machines 

either from inside the brain, over the cortex under the skull, 

or certain locations over the scalp, and can be recorded in 

different formats. There have been many algorithms 

developed so far for processing EEG signals. The operations 

include, but are not limited to, time-domain analysis, 

frequency-domain analysis, spatial-domain analysis, and 

multi-way processing. The membrane potential increases 

when the membrane is polarized with a net negative charge 

lining the inner surface and an equal but opposite net 

positive charge on the outer surface. This potential may be 

simply related to the amount of electrical charge Q, using, 

E = Q/Cm.                                                                     (1.1) 

Where Q is in terms of coulombs/cm2, Cm is the 

measure of the capacity of the membrane in units of 

farads/cm2, and E is in units of volts. In practice, in order to 

model the action potentials (APs) the amount of charge Q+ 

on the inner surface (and Q− on the outer surface) of the cell 

membrane has to be mathematically related to the 

stimulating current flowing into the cell through the 

stimulating electrodes. The electrical potential (often called 

the electrical force) E is then calculated using (1.1). 

 
Fig. 2.2: Neurosky Mindwave EEG headband 

 
Fig. 3.1: EEG Wave 
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B. Arduino 

The Arduino is a microcontroller board based on the 

ATmega328 (datasheets). It has 14 digital input/output pins 

(of which 6 can be used as PWM outputs),6 analog inputs 

16 MHz ceramic resonator , a USB connection , a power 

jack ,an ICSP header , and a reset button. It consist 

everything needed to support to microcontroller; simply 

connect it to a computer with a USB cable or power it with a 

AC-to-DC adapter or battery to get started. External (non-

USB) power can come either from an AC-to-DC adapter 

(wall-wart) or battery. The adapter can be connected by 

plugging a 2.1mm center-positive plug into the board's 

power jack. Leads from a battery can be inserted in the Gnd 

and Vin pin headers of the POWER connector.[3].The board 

can operate on an external supply of 6 to 20 volts. If 

supplied with less than 7V, however, the 5V pin may supply 

less than five volts and the board may be unstable. If using 

more than 12V, the voltage regulator may overheat and 

damage the board. The recommended range is 7 to 12 volts.  

 
Fig. 3.2: Arduino kit 

 
Fig. 3.2.1: Pin Diagram of Arduino 

 

 

Microcontroller ATmega328 

Operating Voltage 5V 

Input Voltage 

(recommended) 
7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 
14 (of which 6 provide PWM 

output) 

Analog Input Pins 6 

DC Current per I/O P 40 mA 

DC Current for 3.3V 50 mA 

Flash Memory 32 KB (ATmega328) 

Table 3.2: Specification of Arduino 

By interfacing the EEG mind headband with 

arduino microcontroller to control robot, can be robotic arm 

, robotic limb or a playstation. We can bring out any kind of 

brain machine interfacing device into picture. 

IV. FUTURE SCOPE 

This project “Mind controlled Robotic Arm” is designed 

with the hope that it is very much economical and helpful to 

many Applications such as in domestic life, military 

purpose, War without human, Complex machine like 

meterargical process. Also for persons who are unable to 

move. Range of Bluetooth is small, instead of that GSM 

module can be used. Researchers are currently developing 

prostheses capable of restoring reaching, grasping, and 

manipulation to immobilized individuals. Some of the 

research for robotic arms and limbs is funded by DARPA 

for use with returning military veterans who have lost limbs 

in battle. Using RF receiver, it will communicate for long 

distance. Using GSM based, it will communicate directly 

city-to-city. This project is helpful for the many important 

purpose such as In Nuclear industry, In chemical industry, 

Mind control robot use in Army. 

V. CONCLUSION 

The field of BMI research is growing and developing at 

great speed. This research has shown that it is possible to 

develop a reliable, cost-effective and efficient in-home BMI 

application. The title says that you can control anything with 

this gadget. Well, controlling a gadget can be break down 

into these steps: determine what brain data you will need, 

examine the data by putting the headset on and thinking it, 

get the data range, write a code ,make a circuit that turns the 

circuit ON/OFF with transistors and connect the gadget. 

But, these steps can be performed by one who has at least  5 

years of electronic experience as brain data management to 

control any gadget is not easy as you think. 
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