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Abstract— An EEG based home automation adjustment 

system is proposed on this project. Nowadays human life is 

really machine dependent, so machines are important in 

human life. Many environmental control systems have been 

proposed in recent times but only few researches have done 

this system in wireless communication network using 

human’s intellectual state. Based on the advance of our 

technique and the improvement of Micro-Electro-

Mechanical-System based (MEMS-based) dry electrode 

sensors, we combined these techniques to demonstrate an 

auto-adjustable home automation, e.g., illumination of light 

and controlling the fan speed, depends on the intellectual 

change of the user, even for long-term monitoring. The 

system consists of mainly three modules which are wireless 

intellectual signal acquisition module, an embedded signal 

processing module, and a host system. This is successfully 

based on the logical state of the user which indicates that it 

can be implemented in many other applications. 
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I. INTRODUCTION 

Aging is a common phenomenon in worldwide [1]. 

According to the survey of WHO, it reveals the fact that there 

will be less than 1.2 billion people aged over 60 by 2025[2]. 

According to the assumption made by the Council for 

Economic Planning (CEP) in 2010, the number of people 

aged over 65 years will increase to 13% of the total 

population by 2016; furthermore, people aged over 75 years 

will increase to a rate of 43% of the population over the age 

65. A good sleeping environment, such as comfortable air 

flow of space and healthy environment can prevent certain 

kinds of diseases related with lack of sleep by enhancing their 

immunity [3-6].There have been many environment control 

systems proposed and developed based on this [7-11], 

however most of these systems employed external sensor 

modules with wired communication system and voice 

recognition as the controlled signals.   Chaya et al. [9] 

presented a voice-based control smart house with a voice 

recognition technique. Corcoran et al. [10] proposed a 

universal plug and play J. Med. Biol. Eng., Vol. 30. No. 4 

2010 (UPnP) home automation network infrastructure to 

provide services to users with wireless home automation from 

their personal mobile phone, or a wearable application. Here, 

users can send out service requests to their home servers 

either through voice communication or user interface. 

However, few studies have focused on environment control 

system by using a human’s intellectual state directly, and 

these systems were found not working for the users with 

voice/vision impairment or motion disability. Moreover, even 

though some brain computer interface system (BCI based) 

devices were proposed and applied for people with 

disabilities [12-14]. Brice Rebsamen et.al[12], proposed a 

steady state visual evoked potential (SSVEP)  which can 

control an  automatic wheel chair for handicapped/disabled 

persons. Yuanqing Li, Jinyi Long, Tianyou Yu et.al [13] 

proposed a system for 2-D cursor control using the movement 

of his eye ball. Chin-Teng Lin,Bor-Shyhet.al[14] proposed a 

system for environmental control using universal plug and 

play network. He did the wireless transmission with the help 

of a Bluetooth. So he could transmit the EEG signals. Hence, 

real-time signal processing function with wireless 

transmission has become a good technology for developing 

home automation or diagnosis systems. It provides a platform 

to build sensing and inexpensive BCI systems. However, 

most systems mentioned above mainly focused on the 

monitoring of the various parameters but not on real-time 

analysis [15].They are actively controlled by users without a 

close-loop feedback capacity between user environment and 

home automation. Furthermore, these devices have the 

problem of signal integrity for a long term intellectual 

monitoring. With the advance of our BCI system [19-21], 

real-time drowsy detection algorithms [21], and MEMS 

based dry electrode sensors [17, 18]. We can integrate these 

techniques and can develop a EEG based auto adjustable 

living environment control system, e.g., illumination of light 

and controlling the fan speed depends on the physiological 

signal changes of a user for long-term monitoring in daily life. 

Therefore, the goal of this project is to develop a cost-

effective, reliable, and a real-time wireless EEG-based BCI 

controlled home automation system. To demonstrate this 

EEG-based BCI smart home automation system we have 

simulated a small demo environment with one DC fan and 

one LED to evaluate in the real world. Control signals for fans 

and LEDs were dependent on the intellectual state of the user 

such as alertness, slight drowsiness, and extreme drowsiness 

– which was analyzed and detected by this system. Therefore, 

the aim of this paper is to propose a cost effective, simply 

extendable, reliable and easy-to-use brain computer interface 

for smart home automation system (BSHAS) to control 

electric home appliances based on the change of user’s 

intellectual state (drowsiness or alertness). The proposed 

system have low power consumption with small volume and 

they are more suitable for practical applications.   

II. SYSTEM UNITS  

A. Wireless EEG Acquisition Circuit Unit 

 
Fig. 1: Wireless EEG Acquisition Circuit Unit 

Fig.1 the EEG signal has an amplitude which is very small as 

1 µV-150 µV and it is quite noise sensitive during EEG 

acquisition. For EEG signal acquisition we requires a sensor 
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technology with higher signal to noise ratio (SNR) and a 

sufficient gains in filter and amplifier. In this paper, the dry 

electrodes [17, 18] based on MEMS (Dry Electrode) 

technologies were placed on the subject’s forehead so that the 

EEG signal was acquired. These types of Dry electrodes have 

an advantage to maintain the signal quality for a long-term so 

that intellectual patient monitoring can be achieved. This also 

helps to overcome the difficulties and uncomfortability of 

traditional EEG sensors using electrolytic gels.    

B. Embedded Signal Processing Unit 

 
Fig. 2: Embedded Signal Processing Unit 

The architecture of the embedded signal processing unit is 

shown in fig.2. It is composed of two parts. The first one is 

an interactive flow control unit and the second one is the real-

time intellectual signal processing unit. A high-performance 

signal processing module is used in the EEG signal 

processing platform because of its high computation 

capability. Both the EEG signal acquisition and the 

processing of the signals are done at the same time. The EEG 

data processing procedures are as follows: (1) Task A: 

recovers EEG data after receiving the signal from a wireless 

device, and then stores it in the memory unit. (2) Task B :  

enables the DSP core for data processing after the EEG data 

is stored (3) After the DSP core receives the EEG data from 

the memory unit, data processing flow is enabled and  later 

processed (4) Task C : sends the estimated intellectual state 

back to the memory unit after the completion of EEG 

analysis. (5), Task D: sends out the corresponding command 

through a radio frequency method according to the various 

intellectual state.   

C. Environment Controller Unit 

The Environment controller unit consist of a network 

controller, command decoder and three control endpoints 

(CEP).Totally, there are three specific intellectual states; such 

as alertness, slight drowsiness and extreme drowsiness. These 

states will be transferred from an ARM Micro controller to 

the EC with the help of a radiofrequency transmission unit. 

When the intellectual state is detected by the network 

controller. Then the command decoder can control the 

endpoints to send out corresponding electrical signals to the 

devices as output signal. 

D. Control Algorithm for Devices 

  
Table. 1 Control Algorithm for Device 

E. Physiological State Detection  

In MATLAB simulation is done by taking an average of 90-

sec power spectra gradient of alpha and theta bands which are 

updated with a 2 second stepping size as the drowsy factors. 

These are denoted as df_ alpha, the average power gradient 

of alpha spectra band and df _theta, the average power 

gradient of theta band, respectively. The power gradient (df) 

at the n-th update is denoted as df (n). The formula is defined 

by 

       (1) 

Where n=0, 1, 2, 3… and Tw is the averaged 

window, fs is the sampling rate and ∆w is the stepping size. 

Sk is the unit power difference, which is defined by  

       (2) 

Where P(k) is the power spectra at sample k, and α 

is defined as the threshold (α≥0). The values used is 

Tw=9secs, fs=64Hz, ∆w=2secs and α=0.2dB. From these 

power spectrum analysis there are three types of intellectual 

states which can be defined. So these three intellectual states 

depends on the state level decision rules for environmental 

controller. These are defined as follow S0: Alertness, when-

0.1df_alpha≤0.1and-0.1≤df_theta≤0.1 S1: Slight drowsiness, 

when df _alpha>0.1anddf_theta>0.1S2: Extreme drowsiness, 

when df_ alpha<0.1and df _theta >0.1 

III. BLOCK DIAGRAM TX  

 
Fig. 3: TX Unit Block Diagram RX 

 
Fig. 4: RX Unit 
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IV. RESULTS   

When a different intellectual state is detected for the 

corresponding stages like example S0, S1, S2 will be 

delivered with RF transmission envelope to the environment 

controller. The received signal from the RF network will 

decoded by the command decoder to its endpoints so that it 

can drive and control the equipment in the demo room. The 

related control commands for these three control endpoints 

are well defined as follows: (1) when the controller receives 

the input as S0 (alert lamp ON, night lamp OFF, fan speed 

Full TCP/IP envelope received is S1 (slight drowsiness): 

lamp Half ON, night lamp OFF, fan speed (2) when the 

TCP/IP envelope receives the input as S2 (extreme 

drowsiness): major lamp OFF, night lamp ON, fan speed 

Slow. 

V. CONCLUSION 

A real-time, wireless embedded EEG based home automation 
system with bio signal processing ability is proposed and 
successfully developed in this paper. This can be applied to 
various applications in our daily life. One of the possible 
application is to combine EEG and a warning stimulus for the 
patient with sleep-disordered breathing symptom. This can 
prevent them from stopping breathing during extreme 
drowsiness. The designing is done in such a way that an 
energy efficient smart home can be implemented. Moreover, 
it is different from other environment control systems, 
because the proposed EEG-based home automation system is 
suitable for any living human regardless of whether they are 
motionless or voice/vision impaired. Our motivations to 
propose this BCI system for :(1) help people to sleep well to 
enhance their immunity so that many diseases can be 
prevented due to sleeplessness[4-6,]; and (2) to give the 
“ability” to certain  patients with  some serious motor 
impairments.  

VI. FUTURE WORKS 

The research work uses these techniques such as information 

visualization to explore time varying multichannel EEG data. 

The proposed system takes preprocessed EEG data as input 

and computes statistical measures and complex network 

metrics and visualizes them in two and three dimensional 

spaces. In addition, the given EEG data for baseline activity 

and during intellectual load, the intellectual load induces 

various changes across the scalp regions. These are detected 

and visualized for further treatments. This would 

significantly help to assess the level of intellectual activity 

taking place in the brain during a particular task.  
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