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Abstract— A new embedded architecture for automated 

controlling of devices directed through motor imagery action 

captured by EEG headset. A BCI is a new communication 

channel between human brain and digital computer. It is an 

artificial system that bypasses the body’s normal efficient 

pathway, which are neuromuscular output channels. This 

paper deals with signals from brain. Different brain states are 

the result of different patterns of neural interaction. The signal 

generate by the brain is received by the brain sensor and it will 

divide into packets and the packet data transmitted to wireless 

medium (Bluetooth). The project operated with human brain 

assumption and the on\off condition of automated device is 

based on changing the muscle movement. 
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I. INTRODUCTION 

A Brain Computer Interface (BCI) is an interface which can 

improve the life quality of people with severe disabilities and 

make people capable to control and communicate with 

outside using only their thoughts. According to the non-

invasive technique, EEG signals are captured from EEG 

headset based on Ag/cl sensors. This acquisition technique 

provides a fine temporal resolution, ease of use, portability 

and low set-up cost. EEG based BCI has become the 

mainstream of brain computer interface. 

In order to control a BCI, user have to provide 

different brain activity patterns which will be identified by 

the system, processed and translated to actuators and control 

devices. The captured activity pattern is always accompanied 

with noise due to several causes like bad electrode location, 

electrode impedances, etc. Hence it is very valuable to 

remove all artifacts and enhance the accuracy of the EEG 

signal processing by adjusting signal to noise ratio (SNR) 

related to the filtering component. Due to the big size of the 

EEG signal trials and the no-stationary character of such 

signal, filtered data is followed by feature extraction 

techniques, before being classified by one of the appropriate 

classifier. 

Nowadays, several BCI researchers continue to 

improve and to find solutions for practical implementation of 

processing algorithms. Here digital filters are widely used for 

EEG signals without deep analysis of their effect on different 

trials and different data-set leading to a decrease in the system 

performance for many subjects. In this work, our objective is 

to find the suitable parameters of the most common used filter 

for motor imagery domain including: Finite Impulse 

Response (FIR) and Infinite Impulse Response (IIR) 

techniques. Some parameters of the filter, as stop band (SB), 

pass band (PB), bandwidth (BW) and transition width (TW) 

should be accurately tuned to reduce filter order while 

increasing the classification accuracy of the motor imagery 

system. Most of the published works considered FIR and IIR 

techniques with order ranging from 4 to 8 without any 

analysis and justification for their choices. By using the 

Matlab filter design tool, we checked these filters and noticed 

that the predefined features (SB, PB, BW and TW) are not 

well tuned for the motor imagery data sets. That is why we 

conduct extensive investigations on filter design for different 

subjects to find the optimal SNR bandwidth for each subject 

which leading to an improvement of the classification 

accuracy. 

II. LITERATURE REVIEW 

In order to give special attention to sick people, handicapped 

persons and old-age persons, we are using Brain Computer 

Interface (BCI) as a mind machine interface for direct 

communication between brain and external devices. BCI is a 

device that enables severely disabled persons to communicate 

& interact with the environments using brainwaves. The 

research methodology involved is application of knowledge 

in the field of microcontroller and computer programming. 

Finally, the result will be observed and analyzed to obtain 

better solution in future. 

A. EEG-based Brain-computer Interface for Automating 

Home Appliances 

An EEG-based brain-computer system for automating home 

appliances is proposed in this study. Brain-computer interface 

(BCI) system provides direct pathway between human brain 

and external computing resources or external devices. The 

BCI technology can be used by disabled people to improve 

their independence and maximize their capabilities at home. 

In this paper, a novel BCI system was developed to control 

home appliances from a dedicated Graphical User Interface 

(GUI). The system is structured with six units: EMOTIV 

EPOC headset, personal computer, Flyport module, quad 

band GSM/GPRS communication module, LinkSprite JPEG 

Colour camera, and PIC-P40 board. 

B. Brain Computer Interface Based Smart Home Control 

Using EEG Signal 

The paper presents the Brain-Computer Interface (BCI) based 

home control system. The proposed system issued to facilitate 

the handicapped and needy persons. Neurosky headset is used 

to detect Electroencephalogram (EEG) signal from brain 

activity. Recognizing the brain activity for certain thoughts 

and eye blinking patterns, we managed to correlate them with 

the switching and regulation of certain home appliances like 

fan, bulb, etc. BCI based systems can yield the accuracy from 

(80 to 100) %. 
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C. Automatic Home Control System Using Brain Wave 

Signal Detection 

A brain-computer interface (BCI) is a new communication 

channel between the human brain and a digital computer. The 

ambitious goal of a BCI is finally the restoration of 

movements, communication and environmental control for 

handicapped people. An electroencephalogram (EEG) based 

brain-computer interface was connected with a Virtual 

Reality system in order to control a smart home application. 

It offers an alternative to natural communication and control. 

It is an artificial system that bypasses the body’s normal 

efficient pathways, which are the neuromuscular output 

channels 

D. Region Based Brain Computer Interface for a Home 

Control Application 

It is an application of region based paradigm for a smart home 

control application for people with neuromuscular diseases. 

Brain Computer Interface (BCI) provides a communication 

channel between the human brain and the environment 

without requiring any muscular activation. In this study, a 

region based stimulus interface containing 49 commands was 

designed. Five non-disabled subjects were attended to the 

experiments. Offline analysis results of the experiments 

yielded 95% accuracy for five flashes. This result showed that 

region based paradigm can be used to select commands of a 

smart home control application with high accuracy in the low 

number of repetitions successfully. Furthermore, a 

statistically significant difference was not observed between 

the level accuracies. 

E. An Adaptive EEG filtering approach to maximize the 

classification accuracy in motor imagery  

A novel approach of adaptive filtering of EEG signals. The 

filter adapts to the intrinsic characteristics of each person. The 

goal of the proposed method is to enhance the accuracy of the 

home devices system controlled by the thoughts related to 

two motor imagery actions. μ-rhythm and β-rhythm are the 

specific returned bands that contain the information. The 

main idea of the proposed method is to preserve the frequency 

bands of interest with a different value of the SNR on the 

stop-band. Our experimental results show the benefits of a 

suitable tuning of the filter on the accuracy of the classifier 

on the output of the EEG system. The proposed approach 

outperforms significantly performances reported in the 

literature and the effectively enhancement of the 

classification accuracy can reach up to 40% based only on 

filtering tuning. 

III. PROCESS DESCRIPTION 

The below fig. a & b shows the complete block diagram 

 

 
Fig. 1: Block diagram of Data Processing and home section 

A. BCI Based System 

BCI based system consists of several steps. Typical BCI 

based systems comprise of Electrode headset connected to a 

computer via wired or wireless connection. The headset 

records and transmits the brain signals to the computer. The 

brain signals are processed in computer and respective 

algorithms are applied to get the desired results. These steps 

are briefly explained below: 

B. Measurement of EEG Signal 

The aim of this step is to acquire the EEG signals. This is 

achieved by using Electrodes that are placed on the user’s 

scalp (head) at respective positions. NeuroSky headset that 

fits comfortably on one’s head. It consists of two electrodes, 

one being attached at the forehead right above the left eye and 

other one is attached to the left ear lobe that works as a 

ground. It records the brain waves and transmits it to the 

computer via Bluetooth which is built in feature of Mind 

wave. 

C. Pre-Processing of Raw Data 

EEG signals are very low power signals. Pre-processing and 

signal conditioning on EEG signal are performed in order to 

improve the signal quality. 

D. Feature Extraction 

The aim is to extract and identify the actual EEG signal from 

redundant signals which relates to user intention. An event is 

defined on the bases of some features. For instance eye 

blinking or raising an eye are the features to establish an 

event. Whenever these Features, Some task will be 

performed. 

 
Fig. 2: Neurosky headset 

E. Controlling Devices 

When user blinks his eye, an event is created and certain 

algorithms are executed to operate and control the home 

appliances. 

F. BCI based Smart Home Control 

The BCI based smart home control system. Non-invasive 

type BCI technique is used to develop this system. The 

simulation of brain activity for acquiring the desired EEG 

signals is accomplished by voluntary eye blinking. For every 

action, the brain emits certain signals. The EEG based sensors 

record these signals for various activities. The generated 

signals have different frequencies based on the intensity of 

the action. The controller is programmed to operate the home 

appliances like lights, fan etc based on processed data. In 

order to acquire the EEG signal, a connection between 

computer and the mind wave mobile through the Think Gear 

Connector is established. To extract the useful data from the 

redundant data, Think Gear Socket type object is developed 

which carried all the parameters independently. 

So, we can access the value of blink strength and 

meditation using standardized functions. These parameters 
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are used to operate and regulate the devices. System 

integrates the Arm7 LPC2148 with the relay module. These 

modules are interfaced with devices like light, fan, lock, 

alarm. The relay module switches at 5V or 0 V while our 

proposed appliances operate at 12V. To remove this potential 

deficit, an external source is used through the relays. 

To facilitate the user, graphical user interface (GUI) 

is also developed. User is not indulged in the mechanics of 

the system and can interact with the system through GUI. The 

system is “Not Active” state by default. At this time data 

sending from the NeuroSky headset is off. To get the system 

activate, the user must make three eye blinks up to a certain 

threshold. Once the system is activated, window is appeared 

for five seconds in order to turn on the desired appliance. The 

cursor will remain under the bulb for five seconds, if user 

intended to turn on the light; he has to make two eye blinks 

of certain threshold within that time period. After five 

seconds, it will move to next appliance automatically and so 

on. User has an option to control the speed of a fan. Three 

levels are defined for fan speed; fast, medium and slow. The 

selection of speed level depends on the meditation value. 

Meditation value less than 33 is defined for slow speed; 

meditation value more than 33 but less than 66 is for medium 

speed. While meditation value more than 66 is defined for fast 

level of speed. After passing through all available appliances 

the cursor will disappear and system will go into non-

activated state.  

IV. RESULT ANALYSIS 

The proposed system is implemented and the desired results 

are obtained in controlling the physical devices using brain 

signals. The experimental set up of the proposed system is 

shown in Fig and the EEG signals that are sensed by the 

brainwave sensor are checked using the Brainwave Visualizer 

application. 

 
Fig. 1: Project set up and EEG signals displaying in 

Brainwave Visualizer application 

 
Fig. 5: Graphical representation of eye blink 

When the procedure is completed for switching on 

the home appliances, Run command is given. After giving the 

Run command in the MATLAB, the Form of the Visual Basic 

is displayed when the eye blink value detected is 60. 

According to the number of eye blinks i.e., either one eye 

blink or two eye blinks the particular device is selected. 

Depending on the attention value device is switched on and 

switched off. The plot of eye blink values (represented in 

black colour star mark) and the attention values (represented 

in the red colour curve) are obtained with respect to the time 

in the MATLAB. The plot is as shown in the Fig.  

Also the approximate values of attention level of the 

brain and the values of eye blinking are obtained in the 

command window of the MATLAB for the purpose of better 

understanding. 

V. ADVANTAGES 

 Increasing number of products and services that can be 

controlled remotely and automatically using computer 

algorithm. 

 Paralyzed patients can be easily used wireless BCI able 

to stream their thought comments as quickly as home 

internet connections. 

VI. APPLICATIONS 

 Bio metric applications 

 Online verified applications 

 Home applications 

 Industrial applications 

 Monitoring device applications 

 Remote control applications 

VII. CONCLUSION 

The paper presented the smart home control system based on 

BCI using EEG signal. The system used EEG sensors for 

acquiring brain signals. Using eye blinking feature, user can 

select and control the desired home appliances like turn on 

light. This is real time and fully automated system because 

the user is not required to perform any physical activity. 

According to the evaluation of the tests conducted on the 

system, the proficiency of the system is concluded to 70%. 

The system can be enhanced by adding more appliances. BCI 

based systems can facilitate the disabled person and can take 

the drastic change in their lives. 
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