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Biosensor is an analytical device that used to convert a 

biological response into an electrical signal. While, 
electroencephalogram (EEG) is a test that measures and records 
electrical signal from the brain through a metal electrode. Smart 
home controller using biosensor is a system that allows a 
communication of human brain and home appliances, 
microcontroller or computer. The main objective of this project is 
to design and implement a neuro based switching system control 
for power socket using biosensor and IoT data visualization, and 
to analyze system performance in terms of biosensor and IoT 
performance. To achieve the objective, EEG signal acquired by 
using a low cost EEG biosensor that is Neurosky Mindflex device. 
After that, EEG signal was analyzed and classified through 
Arduino (IDE) serial monitor. Next, classified signal was used to 
control a real-time home appliance by sending a command to 
NODEMCU ESP8266. A communication between Neurosky 
Mindflex device with microcontroller or computer are designed to 
turn on and off home appliances. Besides biosensor data 
visualization, home appliances usage can be observed through 
IoT platform i.e. ThingSpeak via the internet.  

Keywords : Home application, brain control, Eeg signal, 
switching system, biosensor.  

I. INTRODUCTION 

Biological is an analytical device that used to convert a 
biological response into an electrical signal. Typically, 
biosensors must be highly specific, independent of physical 
parameters such as pH and temperature and should be 
reusable.  
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Production of biosensors, its materials, transducing 
devices, and immobilization methods requires 
multidisciplinary research in chemistry, biology, and 
engineering. EEG bio amplifier is the one of the biosensor 
applications. 

EEG stand for electroencephalogram is a test that measures 
and records electrical signal from the scalp of the brain 
through a metal electrode [1]. This electrode connected by 
wires to a computer. The computer records the brain’s 

electrical activity and display it on the screen. Electrical 
signal consists of alpha waves, beta waves, theta waves and 
delta waves. All this have own frequency (in Hz) and mental 
condition. There are six most common applications for EEG 
which is neuro marketing, human factors, social interaction, 
psychology and neuroscience, clinical and psychiatric studies 
and brain computer interfaces (BCI). 

Now, some low cost non-invasive EEG system in the 
market that provide a new feature to explore human brain with 
affordable and worth it with the price. Mindflex Duel by 
Neurosky. Neurosky (founded in 2004) is company that 
develop in electroencephalogram (EEG) biosensors devices 
especially in consumer-level brainwave monitoring. Mindflex  

Duel is the one of the device made by Neurosky as a game 
where moving an object with mind [2]. Utilizing EEG 
technology, the wireless headset reads user brainwave activity 
and moving and object. The device used a variation of EEG 
technology to "read" the intensity of these brainwaves via 
sensors positioned on forehead and ear. The sensors do not 
generate or interfere with brainwaves, they only read what is 
already there. 

Biosensor is defined as is an analytical device, used for the 
detection of an analytic that combines a biological component 
with a physicochemical detector. It is commonly used to refer 
to an electrical bio signal. Electrical bio signals (bio-electrical 
signals) are the electrical currents generated by electrical 
potential differences across a tissue, organ or cell system like 
the nervous system. Typical bio-electrical signals are ECG 
(Electrocardiogram), EMG (Electromyogram), EEG 
(Electroencephalogram) and EOG (Electrooculogram). GSR 
(Galvanic skin response) and HRV (Heart rate variability) are 
also thought of as bio-electrical signals, although they are not 
measured directly from electrical potential differences.  

  Figure 1 shows a biosensor device that used to capture 
brain electrical activity. This non-invasive brain-computer 
interface turns user brainwaves into action, unlocking new 
worlds of interactivity. 
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 The Mindwave Mobile can support video games, research 
software or other applications such as home controller for an 
enhanced user experience. 

 

 
Figure 1. Biosensor 

Brain-computer interface (BCI) also known as 
brain-machine interface is a hardware and software 
communication system that allow humans to interact with 
their surroundings, without the involvement of peripheral 
nerves and muscles, by using control signals generated from 
electroencephalographic (EEG) activity [3]. There are three 
types of BCI which is invasive BCI, partially BCI and 
non-invasive BCI. In invasive BCI, brainwave sensor chip is 
implanted into the human brain during neurosurgery. Invasive 
BCI produce the high quality of signal but this method is not 
recommended because an injury to scar-tissue. For partially 
invasive BCI, the brainwave sensor chip is placed inside the 
skull, but the rests placed of human brain. This method will 
produce a better resolution signals. The non-invasive is 
brainwave sensor as shown in Figure 2 is placed outside the 
skull or more specific is on the scalp. Dry electrode is used to 
detect the brain signals and a reference electrode ear clip is 
used for the reference point or ground.  

 
Figure 2. Non-invasive Brainwave Sensor 

Development of IoT Smart Home Controller using Biosensor 
is a system that allows the communication between brain 
signal with the microcontroller processor to generate 
commands for controlling home appliances such as light, fan, 
plug and etc. The aim of this project is to develop a smart 
home controller using biosensor which able to improve life 
quality. In addition, this project works on cost savings 
concept as home appliances can be turn on when needed and 
turn off when no one use. 

II.  RESEARCH METHOD 

This project was develop with some alterations were made 
to make the project more agile. The project generally 
developed based on the interconnection between brain 
Mindflex headset, NodeMCU ESP8266, Arduino (IDE), IoT 
ThingSpeak and smart home controller as shown in Figure 3. 
The most important to make this project is successful and the 
switching controllers is working by implementing the 
biosensor. Biosensor used is based on electroencephalogram 
(EEG) to detect electrical activity of the brain by placing 
electrode on the forehead. The combination of hardware and 

software development are applied to ensure this project done 
successfully. 

 
Figure 3. Switching Controller using Biosensor 

This project started with microcontroller configuration 
which NodeMCU ESP8266 is used in this project to perform 
and execute the command. Next, EEG biosensor which is the 
Mindflex headset is configured to detect electrical activity of 
the brain by placing the EEG device on the head. The 
electrical signal is recorded as data brainwaves to translate 
into readable command in NodeMCU ESP8266. The 
command used is high-level language using Arduino (IDE) 
programming language. Then, attention and meditation waves 
are detected to control home appliances with specific value 
range from 0 to 100. Next, the IoT platform is needed for data 
visualization and data storage to database. ThingSpeak is the 
best platform to capture sensor data and turns it into useful 
information. 

A. EEG Biosensor Initial Setup 

Mindflex EEG Headset as shonw in Figure 4 is used to 
detect the brain wave signal and detect eye blinking to 
perform a command. 

 
Figure 4. Mindflex EEG Headset 

The procedure of setting up Mindflex headset as below: 
1. Add Bluetooth module to Mindflex EEG Headset. 
2. Share power and ground with Bluetooth module. 
3. Pair and bind two Bluetooth modules with AT command 

on Arduino (IDE) serial monitor. 
4. If the pair and bind between two Bluetooth is successful, 

turn on the Mindflex and make sure the NodeMCU is 
connected with personal computer and the brainwaves 
activity can be seen in serial monitor. 

B. Microcontroller Configuration 

Several configurations are needed for the first time boot of 
NodeMCU ESP8266, creating the command using Arduino 
(IDE) and transmitted the data to cloud (ThingSpeak) through 
wireless connection (Wifi). Arduino Brain library need to be 
downloaded and installed.  
NodeMCU and Thingspeak configuration as below: 

1. Dowload ESP8266 community library from internet. 
2. Copy the below code in 

the Additional Boards 
Manager 
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3. Register ThingSpeak account 
4. Create new channel for Attention and Meditation value 

and light and fan usage 
5. After that, channel ID is given and also API keys to be 

inserted in Arduino (IDE) so that the brainwaves activity can 
be recorded. 
As for light and fan controller, API key and variable ID from 
Thingspeak need to be link with the brainwave signal 
acquired from the microcontroller.  
 

 
Figure 5. Coding to send data to ThingSpeak 

C. Test and Measurement 

Test and measurement is required in order to achieve a 
targeted result.  It will covered the measurement needed in 
this project. Next, the analysis and test needed to perform to 
ensure that the project works without errors. The 
measurement is recorded from brain wave signal activity. In 
detecting the electrical activity or attention and meditation, 
subject need to relax to get meditation value high and another 
subject need to be active to get attention value high. This will 
be used in controlling the speed of fan. Next is eye blinking 
detection which to control ON and OFF the light. 

Table 1. Type of Brain state and its condition 
Type Value Range State & Conditions 

Attention 0 – 50 Lack of focus 

 51 - 100 Concentrate 

Meditation 0 - 50 Distractions 

 51 - 100 Calmness 

 
 

Subject Test: 
  This project needs accuracy of the signal. To get the 

accuracy of the results and can implements home controller, 
the measurement results must be compared to prove the signal 
is correct. The number of subject test is 1 persons with of ages 
22 and male. The result maybe different because the subject 
need to practice using the Mindflex headset. 
Controller System: 
  To control home appliances, for person attention and 
meditation level will be different. The below values to control 
light and fan. In proposed system, attention and meditation 
level are tracked for operating light and fan respectively. That 
is the operation and controlling of the system using BCI can 
be done in two ways which is attention and eye blinking. In 
this project, all can be done by using Mindflex EEG Headset. 
 

Table 2. Controller ways and Home appliance state 
Attention 0 - 30 Light on 
Attention 75 – 100 Light off 

Meditation 0 - 30 Fan on-high speed 
Meditation 31 - 100 Fan on-low speed 

The value of attention and meditation can be visualised by 
using ThingSpeak. The result update in real-time and the data 
will save in ThingSpeak cloud. The light and fan usage also 
can be seen in the ThingSpeak to observe how many time user 

used to control light and fan. 

III. RESULT AND ANALYSIS 

The Processing software in Figure 6 displayed the real-time 
data of the brain activity. But it’s not shows the values of the 

brain attention, meditation and brain frequency such as delta, 
theta, low alpha, high alpha, low beta, high beta, low gamma 
and high gamma. The Figure 7 shows the Brain Grapher after 
execute using Processing software. The connection quality 
between transmitter and receiver must be good means the 
green colour circle as shows in Figure 7 and the packets 
received indicates the data received by Processing software 
from Mindflex mindset. Otherwise, if the connection quality 
is poor, the connection quality the red colour circle is shown. 

 
Figure 6. Model of the project 

 

 
Figure 7. Real-time Brain Grapher Processing 

 
To get the real-time brain activity, the connection quality 
between transmitter and receiver must be good means the 
green colour circle as shows in Figure 4.2 and the packets 
received indicates the data received by Processing software 
from Mindflex headset. Otherwise, if the connection quality is 
poor, the connection quality the red colour circle is shown. 
The Table 3 shows the values from serial monitor. The 
readCSV() function returns a string (well, char*) listing the 
most recent brain data, in the following form signal strength, 
attention, meditation, delta, theta, low alpha, high alpha, low 
beta, high beta, low gamma and high gamma. 

Table 3: The values from serial monitor 

 
Table 4 shows the value to switch on the light, brain 

attention used is greater than 75% out of 100%. At this range, 
user at high level of focusing. To switch off the light, user 
brain attention must be lower 
than 30%.  
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Table 4: Attention value to control the light 
Attention value Light State 

>  75% ON ( 1 ) 

<  30% OFF ( 0 ) 

 
  The attention value is measured from 0 to 100 which is the 

more user focusing, the higher the attention value. 
 

 
Figure 8. Attention value against time 

 
The attention values show in Figure 8 is not consistent 

along 30 minutes depend on user brain, user activity either 
active or passive. The point on the graph shows the attention 
value recorded and after 15 seconds delay, and next attention 
value recorded since ThingSpeak only record the data every 
15 seconds. User can set how many data to be displayed on 
the chart. As above, 150 data or attention value displayed. 

 

 
Figure 9. Light state either ON (1) or OFF (0) 

The meditation value also measured from 0 to 100 which is 
higher the level of calmness or relaxation, higher the 
meditation value. The 150 meditation values are recorded in 
Figure 10 and it is not consistent along 30 minutes. The 
meditation value recorded is plotted and after 15 seconds 
delay, and next meditation value recorded since ThingSpeak 
only record the data every 15 seconds. Figure 11 shows the 
fan state either ON or OFF. The “1” in the graph means the 

fan is ON and “0” means the fan is OFF. From the graph, the 

fan turns ON means the meditation less than 30% and the fan 
is turn off when the meditation value also less than 30%. 

 
Figure 10. Meditation value against time 

 

 
Figure 11. Fan state either ON (1) or OFF (0) 

  The Processing software also shows the graph depend on 
packets or data received from Mindflex headset and being 
process by NodeMCU microcontroller.  
 
 
The data received and recorded in the ThingSpeak every 15 
seconds. While running the brain grapher, make sure only one 
serial port is used, if not the grapher cannot be displayed 
because of interception between serial port and the 
connection quality is poor. 
  The most common cause of ERROR: Checksum is faulty 
batter.Other than that, maybe due to NodeMCU board not get 
enough CPU frequency not get enough power from universal 
serial bus port on personal computer. The attention and 
meditation values are used to control light and fan because 
human brain frequency is not fix. The value of brain wave 
value i.e. delta, theta, low alpha, high alpha, low beta, high 
beta, low gamma and high gamma of brain changing every 
seconds. So, to control light and fan using brain frequency 
maybe harder than using attention and meditation of brain. 

IV. CONCLUSION 

In this paper, the design and implementation of a neuro 
based switching system control for power socket using IoT is 
possible to build where the system can control light and fan 
with brain signal wirelessly. This was accomplished using 
Mindflex EEG headset equipment containing only one 
electrode on the forehead.  
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EEG signals from the user brain are sent to the NodeMCU 
ESP8266 (microcontroller) via Bluetooth and sent to 
ThingSpeak to store and retrieve data that can be visualize 
through ThingSpeak website or ThingView apps on mobile 
phone. In project development of IoT smart home controller, 
the aim is to help disabilities people to control their home 
appliance. They need more home appliances to be control 
such as remote control for television, air conditioner and 
others. Adding various smart home controller maybe can help 
them to do more rather than control the light and fan only. 

ACKNOWLEDGMENT 

We are grateful to Kementerian Pengajian Tinggi 
Malaysia, Universiti Teknikal Malaysia Melaka (UTeM) and 
Centre for Research and Innovation Management (CRIM) 
through research grant of RAGS/1/2015/ICT01/UTEM/03/ 
B00121 for their kind and help for supporting financially and 
supplying the research components and giving their assistance 
to complete this project. 

REFERENCES 

1. Casson AJ, Abdulaal M, Dulabh M, Kohli S, Krachunov S, Trimble E., 
“Electroencephalogram,” InSeamless Healthcare Monitoring, 2018 (pp. 

45-81). Springer, Cham. 
2. Tero Karvinen, Kimmo Karvinen, “Make a Mind-Controlled Arduino 

Robot: Use Your Brain as a Remote,” December 13, 2011 
3. S. Kalagi, J. Machado, V. Carvalho, F. Soares and D. Matos, "Brain 

Computer Interface Systems Using Non-Invasive Electroencephalogram 
Signal: A Literature Review," 2017 International Conference on 
Engineering, Technology and Innovation (ICE/ITMC), Funchal, 2017, 
pp. 1578-1583. 

4. Christensen LR, Abdullah MA., “EEG Emotion Detection Review,” 

In2018 IEEE Conference on Computational Intelligence in 
Bioinformatics and Computational Biology (CIBCB,) 2018 May 30 (pp. 
1-7). IEEE. 

5. Robson Cruz, Vinicius Souza, Teodiano Bastos Filho, Vicente Lucena, 
"Electric Powered Wheelchair Command by Information Fusion from 
Eye Tracking and BCI", Consumer Electronics (ICCE) 2019 IEEE 
International Conference, pp. 1-2, 2019 

6. Shukla PK, Chaurasiya RK., “A Review on Classification Methods 

Used in EEG-Based Home Control Systems,” In2018 3rd International 

Conference and Workshops on Recent Advances and Innovations in 
Engineering (ICRAIE,) 2018 Nov 22 (pp. 1-5). IEEE. 

7. Aziz KA, Mustafa MH, Hashim NM, Nuri NR, Kadmin AF, Salleh A., 
“Smart Android Wheelchair Controller Design,” International Journal 

for Advance Research In Engineering and Technology (IJARET), 2015 
May;3(3):42-8. 

8. Luis Fernando Nicolas-Alonso, J. G.-G., “Brain Computer Interfaces: A 

Review,” pp. 1211-1279. 2012. 
9. Brown E., “21 Open Source Projects for IoT.” Linux. com. Retrieved. 

2016 Oct;23. 
10. Sinclair CM, Gasper MC, Blum AS. “Basic Electronics In Clinical 

Neurophysiology,” InThe Clinical Neurophysiology Primer, 2007 (pp. 

3-18). Humana Press.. 
11. Zhong J, Zhang Y, Zhong Q, Hu Q, Hu B, Wang ZL, Zhou J., 

“Fiber-Based Generator For Wearable Electronics And Mobile 
Medication,” ACS Nano, 2014 Apr 30;8(6):6273-80. 

12. Klimesch W, Doppelmayr M, Yonelinas A, Kroll NE, Lazzara M, 
Roehm D, Gruber W., “Theta Synchronization During Episodic 

Retrieval: Neural Correlates Of Conscious Awareness,” Cognitive Brain 

Research, 2001 Aug 1;12(1):33-8. 
13. Pineda JA., “The Functional Significance Of Mu Rhythms: Translating 

“Seeing” And “Hearing” Into “Doing,” Brain Research Reviews, 2005 

Dec 1;50(1):57-68. 
14. De Silva LC, Morikawa C, Petra IM., “State Of The Art Of Smart 

Homes. Engineering Applications Of Artificial Intelligence.” 2012 Oct 

1;25(7):1313-21. 
15. Usakli AB., “Improvement Of Eeg Signal Acquisition: An Electrical 

Aspect For State Of The Art Of Front End,” Computational Intelligence 

And Neuroscience, 2010 Jan 1;2010:12. 

16. Jidin AZ, Li LS, Kadmin AF., “Implementation of Algorithm for Vehicle 

Anti-Collision Alert System in FPGA,” International Journal of 

Electrical and Computer Engineering’ 2017 Apr 1;7(2):775. 

AUTHORS PROFILE 

 
Khairul Azha A Aziz, graduated with a Bachelor Degree 
in Electronic Engineering from Universiti Sains Malaysia 
(USM), in 2005, and finished his Master of Engineering 
(Electrical – Mechatronic and Automatic Control) from 
Universiti Teknologi Malaysia (UTM), in 2009. He is 

currently a lecturer attached to Electronic and Computer 
Engineering Technology Department, Faculty of Electrical and Electronic 
Engineering Technology, UTeM. His research area includes image 
processing and medical electronics. 

 
Currently attached with UTeM as a researcher, Ahmad 
Fauzan Kadmin CEng. P.Tech. has over 14 years of 
experience in electronic & computer engineering field 
with technical expert in R&D engineering, computer 
vision & medical electronics. He Graduated with a 

Bachelor Degree in Electronics Engineering from 
Universiti Sains Malaysia and Master Degree in Computer & 
Communication Engineering from Universiti Kebangsaan Malaysia. 
Previously, he worked as project engineer with Megasteel Sdn. Bhd., 
Samsung SDI (M) Sdn. Bhd. as research and development engineer and later 
as research officer in Agensi Angkasa Negara. He published several 
technical and engineering paperwork in image processing and medical 
electronics. 

 
Nadzrie Mohamood, graduated with a Bachelor Degree 
in Electronic Engineering from Universiti Sains Malaysia 
(USM), in 2005, and finished his Master of Engineering 
(Communication & Computer) from Universiti 
Kebangsaan Malaysia (UKM), in 2018. He is currently a 

Senior Teaching Engineer attached to Electronic and 
Computer Engineering Technology Department, Faculty of Electrical and 
Electronic Engineering Technology, UTeM. Previously, he worked as a 
Product/Test Engineer in Texas Instrument (M) Sdn. Bhd., Freescale 
Semiconductor (M) Sdn. Bhd. and STATChipPAC (M) Sdn. Bhd, with 
worth of 5 years of industrial experiences prior to joining his current role as 
an academician. His main research interests include computer networking, 
image and video processing and programming.   

 
Shamsul Fakhar Abd Gani, graduated from Universiti 
Malaysia Perlis (UniMAP) in Bachelor of Engineering 
(Computer Engineering) with honours in 2006 and later 
received his Master's degree in Internet & Web 
Computing in 2015 from Royal Melbourne Institute of 
Technology (RMIT) Australia.  He started his career as an 

R&D electronic engineer specializing in software design for meter cluster 
development in Siemens VDO Automotive Penang (later known as 
Continental Automotive Malaysia). Before leaving Continental, Shamsul 
plays an active role in Mitsubishi Fuso projects as a software developer and 
also software project manager. Shamsul is now a lecturer in electronic and 
computer engineering technology department of FTK UTeM. 
 
 
  
 


