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Abstract
This project presents the Smart Home Automation system by 
sensing Human Brain Attention Level. This system can be an 
effective solution to assist older adults and people with disabil-
ities who suffering from speech and motion related troubles to 
remain at home, safe and comfortable. The system is based on 
BCI (Brain computer interface) Technique. Over the past years, 
technology using electroencephalography (EEG) as a means 
of controlling electronic devices has become more innovative. 
Today, individual people are able to measure their own brain 
waves and patterns outside of medical labs and clinics. Further-
more, besides analysing brain signals, these brain signals can 
be used as a means of controlling everyday electronic devices, 
which is also known as brain-computer interface. The BCI is 
an evolving, recent and unique transmission channel between 
the human brain and an external device such as TV, bulb, fan 
etc. The human brain wave signal contains the millions of neu-
ron pattern. This pattern interaction is generating a thought 
motion which consists of different type of electrical waves. EEG 
headset consists of a sensor to sense human attention level 
which means human focus occurs during intense concentra-
tion and directed mental activity. This signal converted into raw 
data sets through filtering and amplification by designed circuit 
and transfers to the microcontroller unit (Arduino). The Arduino 
process the received signal and drive the relay circuit of the 
device to make ON and OFF automatically. This system can be 
used by persons with such difficulties. The device can be found 
most useful by physically-challenged people who can no longer 
regain control of their limbs due to several factors. This concept 
can further be modified to use in several other applications for 
the similar types of people. Thus, the EEG-based Brain comput-
er interface applications can considerably enhance the quality 
of life for such people.
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 INTRODUCTION
According to the report from the World Health Or-

ganization, around 15% of the total world’s population 
lives with some kind of disability. People suffering from 
neurological conditions leading to severe motor disor-
ders, such as cerebrovascular accidents or tetraplegia. 
There are lots of people who lose their upper limb and 
lower limb due of accidents or even lose control of mo-
tor control due to age conditions, some due to disabil-
ities that include brain or spinal cord injuries, multiple 
sclerosis, brainstem stroke, amyotrophic lateral sclero-
sis, myasthenia gravis, and cerebral palsy. In such cases, 
individuals with such severe disabilities do not have the 
ability to interact with their surroundings in order to 
communicate with other people, move, or control es-
sential tools and appliances, which can also cause the 
mental health of the patient to deteriorate. To overcome 
such issues, various smart devices and appliances have 
been developed and implemented either individually or 
integrated together in several applications such as smart 
cars, building, and homes. By offering newer methods 
to retain their ability to interact with the environment, 
we can also increase their mental health and reduces 
the need of other persons for doing simpler tasks.

BCI methods can be classified as invasive and 
non- invasive, where the former requires a surgery to 
implant electrodes inside or on the cortex, while the 
latter does not require a surgery. Non-invasive BCI 
methods include Magnetoencephalogram, Electro-
encephalogram (EEG), Deoxy Haemoglobin Concen-
tration, and Blood-Oxygen level- dependent imaging. 
EEG is the most commonly used method among the 
non-invasive BCI methods due to its fast response, 
low cost, simplicity, and ability to implement in por-
table applications.
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An electroencephalogram (EEG) is a method 
monitoring the electrical activity of the brain using 
small at metal discs (electrodes) placed on the scalp. 
EEG measures voltage fluctuations resulting from 
brain cells communications via electrical impulse. 
In Particular when neurons are activated, ions such 
as Na+, K+ and Cl- are pushed through the neuron 
membrane.

EEG is a weak signal and needs to be amplified in 
order to be displayed or stored on a computer. Two ap-
proaches to recording the EEG signal are invasive and 
non-invasive. In the invasive approach, the electrode 
is implanted inside the human brain, which requires 
surgery. In a non-invasive approach, electrodes are 
placed on the surface of the skull, which have many 
benefits such as risk free, easy setting, and repeating 
measurement. In addition, it is more favourable in de-
veloping and designing application for normal people. 
The focus of this project will be based on the non-in-
vasive EEG technique.

EEG is basically the recording of electrical activity 
in the brain. Each EEG probe which is used acts as a 
conductor and sends current directly from the brain 
to the amplification circuit for future modifications 
and changes. This current can then be translated into 
something that a computer can read and quantify as 
a signal,

Several brain-computer interface (BCI) systems 
have been developed to meet the aforementioned is-
sues. Such systems offer a direct neural interface be-
tween the brain and other physical devices in such a 
way that allows the human to communicate and con-
trol these devices using different patterns of brain ac-
tivities

As a proof of concept, the system allows the 
user to control home appliances using an Arduino 
UNO Board. The board pairs with a signal process-
ing circuit, which is made indigenously connected 
with several electrodes, which are then placed on 
the user’s forehead. Attention level values are used 
to switch ON and OFF the appliances, which offer 
a suitable solution for disabled and elderly people. 
The performance of the system and the captured 
EEG signals are presented to characterized the 
brain activity of the user and the response of the 
system during the experiment. The developed sys-
tem is cost-effective and can be easily implemented 
in various home automation and biomedical appli-
cations.

 METHODOLOGY

 
Fig 1. Block Diagram

The project consists of several steps to ensure the 
perfect flow of works from beginning to the end of the 
entire processes:
• Signal Acquisition
• Signal Processing
• Feature Extraction & Control system
• Device to be controlled

A. Signal acquisition
Signal acquisition is the acquirement of brain sig-

nals using a particular sensor. The electrical activity 
of neurons in the brain produces currents that reach 
the surface of the scalp, the voltage differences of these 
scalp potentials are microvolt-sized signals. These sig-
nals are detected, monitored and collected using Elec-
trodes. We utilized EEG headband with single channel 
EEG acquisition method based on the 10–20 interna-
tional system map with three electrodes places at:
1. Negative EEG Electrode located on one side of the 

frontal lobe,
2. Positive EEG Electrode located on the other side of 

the frontal lobe, and
3. Ground Electrode, which is used to ground the sys-

tem.
The purpose of connecting the virtual ground from 

the battery circuit to the microcontroller ground, and 
to the user’s arm, was to ensure that all components in 
this project are well ground-isolated.

The probes (electrodes) used for this experiment 
were small Gold-Cup or Adhesive (Disposable) elec-
trodes.

B. Signal Processing
Pre-processing stage includes, the amplification of 

microvolt sized signals to levels suitable for electronic 
processing, initial filtering to remove noise and oth-
er undesirable signal characteristics, finally analog to 



908 | Cardiometry | Issue 26. February 2023

digital conversion that is digitizing the analog EEG 
signal. Some methods are used for the enhancement of 
the acquired signal and reduce or remove line or oth-
er frequency-specific noise, include: Filtering, mainly 
using low-pass filter, high-pass filter, band-pass filter, 
and notch filtering.

Circuits designed for the signal processing are:
1. Battery Circuit
2. Instrumentation Amplifier
3. 1st Order Gain Stage
4. 2nd Order High Pass Filter
5. 2nd Order Low Pass Filter
6. Voltage Divider and
7. Supply Circuit

1. Battery Circuit:
In order to power the op-amps, we need to provide a 

dual rail voltage supply. We chose to make a +4.5V and 
-4.5V power rail. Since we couldn’t be able to directly 
connect our circuit to an AC power source, we created 
a battery circuit to provide the required voltage to run 
the circuit. We had a 9V 6F22 HW Battery which cre-
ated a 9V power supply. We attached the battery across 
the 2 leads of a 2200μF capacitor, with the ground of 
the battery pack going to the negative side of the capac-
itor and the other to the positive. Two resistors of values 
100K, connected the battery ends into an LM358 op-
amp. The VCC pin of the op-amp was used to produce 
a +4.5V rail, and the GND pin was used to produce a 
-4.5V rail. The output of the op-amp is connected to 
the same virtual ground as the rest of the entire circuit.

Fig 2. Battery Circuit

2. Instrumentation Amplifier
The INA121 Instrumentation Amplifier takes the 

two active electrodes placed on the user’s forehead and 
amplifies the brain wave signals with a gain of Fifty. 
We had twisted the input cables that were joined to the 
electrodes together, so that we were better be able to 
eliminate the 60 Hz power line noise. The twisted pair 

of cables, helps reducing the normal mode noise con-
sidering that each pair are now similarly exposed to 
the electromagnetic noise. The instrumentation am-
plifier is unique and great for measurements like this, 
since it has very low noise and very high input imped-
ance. To achieve the gain of Fifty, we began to use a 
gain resistor (Rg) of 1kΩ. The equation for obtaining 
the gain of an INA121 amplifier is G = 49.4kΩ⁄Rg + 1.

 
Fig 3. Instrumentation Amplifier

3. 1st Order Gain Stage
The next stage is the 1st order gain stage with a 

gain of Hundred. The gain for LM358 IC is obtained 
as G = Rg⁄R1. As shown in the circuit below, we have 
used Rf = 100KΩ and R1 = 1KΩ, thus giving us a gain 
of 100 in this stage. We planned to amplify the circuit 
before filtering out all of the noises from the input, so 
that the following filtering circuits can have a clearer, 
sharper cut-off response.

Fig 4. 1st Order Gain Stage

4. 2nd Order High Pass Filter
The next stage is the design of a High Pass Filter 

circuit using an LM358 op-amp, which is used to pass 
values above Six Hertz. Since alpha waves begin at 8 
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Hertz, and because we needed to give some lenience 
due to noises and interferences, we set the cut-off in 
such way. This makes us a way allows us to filter out 
lower frequency waves such as delta and theta waves. 
The equation to identify the cut-off frequency of the 
2nd order HPF is fc= 1/2πͲ = 1/2πRC

By utilizing resistor and capacitor values of 20KΩ 
and 1μF, we obtained a cut-off frequency value of 
about Six Hertz. The gain in this stage shall be calcu-
lated as G = R ⁄R . Byfixing the values of Rf = 5KΩ and 
R1 = 10KΩ, the gain for this stage is obtained as ½.

Fig 5. 2nd Order High Pass Filter

5. 2nd Order Low Pass Filter
We took specific concerns to remove the 60 Hertz 

power line noise. However, we need to limit our range to 
alpha and beta waves, we need a Low Pass Filter, which 
we created with another LM358 op-amp. The designed 
circuit filters out the frequencies above 31 Hertz, since as 
per the IEEE Standards, Beta waves can reach frequen-
cies of around and up to 30Hz. Using the values of R = 
5KΩ and C = 1μF, we obtained this cut-off. For the case 
of the low pass filter, we had used a gain of ½ in this stage.

Fig 6. 2nd Order Low Pass Filter

6. Voltage Divider Circuit
After the low pass filter, we need to make sure that 

the signal is within the range of 0 and 3.3V, so that the 
ADC on the ATmega328P (Arduino UNO) should be 
able to register it.

Fig 7. Voltage Divider

7. Supply Circuit
The EEG data is presently prepared to be digitized, in 

the wake of completing the methodology of separation 
and concentration of the raw EEG data by using the creat-
ed hardware. The ADC obliges the signal is to be encased 
totally in the positive voltage area. The DC voltage that the 
signal will be added to is supplied by the voltage divider 
framed with two 10kΩ resistors. Alternate resistors are set 
to increase the enhancer to be one and should be much 
bigger than the resistors used in the voltage divider, so that 
they don’t impact the voltage division in the circuit.

Fig 8. Supply Circuit

C. Feature Extraction & Control system
In Feature extraction stage, from the pre-processed 

and digitized EEG signal, certain features are selected, 
extracted to generate the discriminative characteris-
tics and representing them in a compact form suitable 
for translation into output commands. We utilize the 
beta frequency of the EEG signals for the project.

The signals from the processing circuit are sent to 
the ADC (Arduino UNO) for conversion of readable 
data types for simpler segregation of data for classifi-
cation of several functions at several responses. The 
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values from the EEG reading are analysed and classi-
fied to complete several functions, in the case of home 
automation; switching ON and OFF the appliances.

The control system is used to execute the com-
mands given by the microcontroller for the device 
control. Control devices are the devices which are 
used to “turn ON” or “turn OFF” the current flow in 
an electrical circuit. For the project we are using relay 
as a control device for switching ON and OFF of appli-
ances in home automation.

A relay is simply a remote-controlled switch, which 
uses a small amount of current to control a large amount 
of current. A typical relay acts as both as a control circuit 
and as a power circuit. To control the home appliances, 
the relay is used. The relay works from the instructions 
given by the microcontroller based on the values ob-
tained from the signal acquisition to control the home 
appliances based on the concentration level of the user.

D. Device to be controlled
For this project, the device which are needed to 

be controlled is a general-purpose bulb. In the case of 
home automation, multiple devices are in the need to 
be controlled, thus requiring multiple relays to control 
that many devices.

Overall Working of the Project
We can see that the system allows the user to con-

trol several home appliances using an Arduino UNO 
Board and a relay switch. The board pairs with a signal 
processing circuit, which is made indigenously con-
nected with several electrodes, which are then placed 
on the user’s forehead.

Fig 9. Overall Working Block Diagram

The EEG signals are processed from the PCB-con-
verted circuit which is then sent to the microcontrol-
ler. Attention levels values are obtained from the cir-
cuit and several commands are programmed in the 
microcontroller which uses the commands to trigger 

the relay to switch ON and OFF the appliances, which 
offer a suitable solution for disabled and elderly people 
around home automation.

Fig 10. Flow Diagram
The Flow diagram explains the flow of the system. First, 

we have to initialize the program by initiating the EEG cir-
cuit by the patient. After initializing the EEG circuit, the 
data from the circuit is encoded into the sets of frequency. 
The program checks whether the bulb is switched ON/
OFF. While the bulb is in the OFF condition, the code 
then measures the frequency level, if the Frequency>=23 
Hz while concentrating (Since beta waves are around 12-
30Hz), the code triggers the relay, which in turn switches 
ON the bulb. The program then proceeds to next condi-
tion, while the bulb is in the ON condition, the code then 
measures the frequency level, if the Frequency>=23 Hz 
while concentrating, the code triggers the relay, which in 
turn switches OFF the bulb. The program then repeats the 
conditions for the base of Home Automation.

RESULTS AN D DISCUSSIONS

A. Range Value for Control
For our proposed project, to obtain the range for 

controlling the appliances, we have used control group 
method to obtain data values.
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Control Group:
Control group is the standard to which compar-

isons are made in an experiment by utilizing multi-
ple volunteers for procedures. For this Project, the 
control group consisted of 5 people in which, 3 male 
and 2 female volunteers were utilized and to main-
tain their anonymity, their names will be mentioned 
as “Volunteer-1”, “Volunteer-2” and so, as shown in 
Figure 11.

Fig 11. Control Group

From each volunteer two sets of data were collected 
in which:
• Set 1= 100 data for 1 sec
• Set 2= 100 data for 5 sec

Thus, obtaining data from a single person = 200 
data per person. That leads us to the total data ob-
tained is equal to 1000 data of all the volunteers.

Tabulating and Graphing the values obtained from
• Volunteer-1:

Fig 12. Graph of Volunteer-1’s Readings

• Volunteer-4:

 

Fig 13. Graph of Volunteer-4’s Readings

B. To Read the Values in the Arduino:
The concentration level is measured based up on the 

bit values we obtained using analog Read keyword in 
Arduino. Like this we obtained totally 1000 data from 
5 volunteers. Then we plotted a graph as mentioned in 
the above figures. By analysing the graph, it attained 
peak value when the volunteers were concentrating.

pulseIn() keyword in Arduino sketch, reads a pulse 
(either HIGH or LOW) on a pin.

We declared are variable in the Arduino sketch as 
on time and off time which measures pulse whether is 
high or low.

ontime = pulseIn(pulse_ip,HIGH); 
offtime = pulseIn(pulse_ip,LOW); 
period = ontime+offtime;
Frequency is measured from the period as follows
freq = 1000000.0/period;
This is how we measured frequency of our circuit 

using Arduino.

C. To control AC appliances using EEG:
Initially Arduino analyses the status of the bulb 

whether it is HIGH or LOW
If the status of bulb is OFF and at the same time, the 

frequency level of the user is greater than or equal to 23Hz 
results in switching ON of the bulb as seen in Figure 13

Fig 13. Bulb Switched ON
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If the status of bulb is ON and at the same time, the 
frequency level of the user is greater than or equal to 23Hz 
results in switching OFF of the bulb as seen in Figure 14

Fig 14. Bulb Switched OFF

CONCLUSION
An  easily accessible device in the form of head-

band is designed controlling the home appliances for 
bed-ridden patients. Other parameters such as heart 
rate and blood oxygen of the person who is wearing 
the headband can also be integrated in the system by 
adding various sensors within the headband. The pa-
tients are also given freedom to control the devices at 
the comfort of the user.

This is can also be integrated with various sensors, 
to make it a complete patient-monitoring system, 
which can also reduce the constant need for caretakers 
to be around the patients.

There are several directions that this project could 
go in the future:
• One of the prime applications for sending an EEG 

signal wirelessly is giving users a much freer range 
of motion while EEG data is being sampled.

• The application of this wireless EEG measuring 
device would allows scientists to measure brain 
activity for bed-ridden patients suffering from eu-
ro-muscular disorders.

• Furthermore, this project provided a greater un-
derstanding for everyone involved on how to use 
the Arduino equipment, how to interpret EEG 
measurements.
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