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Abstract—Machine to Machine (M2M) and Device to Device (D2D) communication paradigms make fast, effective autonomous communication possible which is beneficial for devices, people, machines and objects. However, some applications still require an actuation/control signal from a human, more specifically applications in a Home Area Network (HAN). People with a disability may have certain constraints in terms of providing an actuation signal for Internet of Things (IoT) based home appliances. This paper investigates human brain signal extraction using Emotive Epoch headset [reference], processing and controlling a computing mouse. The mouse operations include clicking, cursor movement etc. This study has an option for further enhancement to control more devices and home appliances and to manage energy consumption by suitable scheduling of appliances with improved decisions for a resource constrained disable person’s comfort in smart home based on HAN.
Keywords- Neurons, EEG Signals, PC-mouse, Console, EMOTIV EPOC headset.
 Introduction 
[bookmark: _Hlk513540621]The human body has five senses to connect with the surroundings and all these senses are directly connected to brain. The main function of these brain related activities e.g. (some examples) are common in every human being. The human body is made up of trillions of neuron cells and all bodily functions are controlled by this electrical system. Information transfer in the central and autonomous nervous system, operation of the brain and spinal cord, operation of the muscle functions, operation of the body organs to control and maintain system billions of electrical signals must be generated in the human nervous system. The source of the electrical signals are electrochemical potentials in the nerve cells  [1].
The objective of this paper is to investigate an operation of a computer mouse using human head movement and facial expressions such as (wink, smile etc.). According to the initial introduction of human neural network, the brain can produce electrical signals which can be extracted and processed into digital form as a command to computer. To investigate the extraction process of brain signals it is important to know more about the functions that create electric pulse inside the human body.	Comment by HASAN Mohammad: It was discussed in a meeting that head movement, winking, smile etc. can be detected by a camera and image processing. Where is the application of headset? 	Comment by ALI Muhammad Majid: The main reason is we are studying brain signal processing, so we are using Headset that can extract brain signals, 
EEG Headsets can also detect emotions (Such as anger, sadness etc.) and body conditions (Sleepiness, tired etc.) which is not possible by camera and camera can detect movement of head or eyes but using gyro function in EMOTIV we can control just by turning head instead of moving.
 
Neurons producing current
[bookmark: _Hlk513540598]Neurons pass on data by transmitting messages to different neurons or different sorts of cells, for example, muscles. Neurons utilise electrical signs to hand-off data starting with one part of the neuron then onto the next.. Neural network consists of three different types of neurons out of which sensory neurons are responsible for muscle movements. Process of muscle movement is explained in Fig 1.
[image: ]
Figure 1: Neuron circuit representing muscle movement[2]
Point 1 representing the hammer which tap on the knee to initiate sensory receptors in leg extensor muscles. 2a sensory neuron synapses with and excites motor neuron in the spinal cord 2b showing that sensory neuron also excited the spinal interneuron 2c point exhibits the interneurons synapse to flexor muscle. 3a is the motor neuron which conducts action on extensor muscle fibers 3b is flexor muscle relaxes because the activity of its motor neurons has been inhibited , 4 shows the movement of leg caused by the hammer tap [2]. 
The above explanation can be used as reference to explain the signal generation caused by muscle movement. Brain electrical current consists mostly of Na+, K+, Ca++, and Cl- ions that are pumped through channels in neuron membranes in the direction governed   by membrane potential [3]. The signal is in the form of electric pulse which can be extracted using the EEG headset.         
[image: ]
Figure 2: Block Diagram of the Brain Computer Interface
Mind-processor interface
The Brain Computer Interface (BCI) is a technique that allows to control a computer by brain activity only, without the need for muscle control [4]. Whist there are different kinds of BCI that either rely on motor imagery or the detection of P300 [5]. The P300 Event Related Potential was elicited with auditory stimuli when eyes are open/closed in the same subjects [6] BCI systems are based on visual evoked potentials are currently the fastest method to establish non-invasive BCI control.  BCI is one of the fastest growing fields of interdisciplinary research, involving disciplines such as neuroscience, computer science, engineering and clinical rehabilitation [7]. Two types of BCI are implemented 1. Invasive which requires surgery to transplant electrodes inside the brain and 2. Non-invasive in which electrodes are placed on the scalp [8].	Comment by GRIFFITHS Alison: Big claim
Electroencephalography(EEG) was discovered by Richard Canton in 1875 from the uncovered brains of monkeys and rabbits [9]. It can be described as a test used to record the electrical activities in the brain of animals. The process tracks the brain wave pattern by using tiny metal discs with electrodes attached with the scalp and then being recorded as waves.	Comment by GRIFFITHS Alison: Citation required	Comment by ALI Muhammad Majid: done
There are several modern machines available to measure the EEG from brain with the help of electrodes as sensors and can give result more precisely. Different devices use different technique and logics to design headsets that can record brain waves. 
For this study an EEG detection device known as EPOCTM Headset from EMOTIVTM [10] is used to extract brain signals and then being processed in a firmware provided by EMOTIV. The data collected from the files where the brain waves are stored and then processed to execute a program using C# language. Execution of the program results in the control procedure of a Personal Computer (PC) mouse. A block diagram for this technique is shown in Fig 2.	Comment by GRIFFITHS Alison: Change fig 2 to indicate clearly where your contribution lies
To develop a BCI system three main steps are required to perform which are as follows and can be seen in Fig 3:
1. Signal Acquisition – To extract brain signal in the electrical form
2. Processing – Extracted signal is then processed using filtering strategies and interpretation calculations to deciphers according to the required sign
3. Execution – The classified signal is the output which can be seen through oscilloscope and can be used as an input for the desired electronic device controller.
[image: ]
Figure 3 Procedure of Brain computer Interface[11]
Material and Methods
EEG Signal Extraction and Processing
[bookmark: _Hlk513619976]Emotiv EPOC headset is being used to extract EEG signals. It consists of 14 channels and the sampling frequency is 128Hz. It has an inbuilt sinc filter (which neglects frequencies above cut-off and has linear phase response) whose bandwidth is from 0.2 to 45 Hz, and it is connected through Bluetooth with the PC using a receiver of 2.4 GHz band [12]. The 14 electrodes location on the scalp is shown in Fig 4. 
[image: ]
Figure 4: Scalp connect points on the EMOTIV device with 14 channels

[bookmark: _Hlk513646560]EPOC Emotiv uses specialized software to display information about EEG signals and is categorized in three different Suites 1. Expressiv (to analyse facial expressions) 2. Affectiv (to display emotional state of user) and 3. Cognitiv (to control intentions of movement). The display formats are shown in Fig 5.

[image: ]
Figure 5: Three Suites to study various forms of results
The control panel (as shown in Fig 5) is installed in windows system which gives the overview of the electrodes attached and strength of the connections between scalp and sensors, moreover, it shows the above defined suites and the values which is directly being transmitted from the brain as displayed in Fig 6.
[image: ]
Figure 6:Emotiv Control panel (Status for signal strength of electrodes)
EPOC Device is being used to generate results from head movements and eye blinks. The signals are processed, and data is recorded in .csv format which can be opened in MS-excel program. The data is then extracted as a source file in the C# program.
As a result of program written in C# language, a console box appears on the screen of the PC as seen in Fig 5, on which the pre-recorded mouse pointer is induced, and the pointer moves along with the console shown in Fig 7.
[image: ]
Figure 7: Console developed for testing
The program can be written and executed in MATLAB, but it will be more expensive and complex. The reasons for choosing C language are provided in Table 1.
Table 1: Why C language is preferred for this research
	C Language
	MATLAB

	Can declare variable and their types
	Particular declaration is not possible

	new functions can be defined as per requirement
	Pre-defined function has to be used

	C is open source and easy to share data
	Software require licence and is expensive



The written program performs two major tasks for mouse control, Movement of cursor and opening a specific file using a double click operation.
The algorithm and coding create a ‘mouseeventargs’ whose button is set to the mousebuttons.right value. Call function is initiated using onmouseclick using same function as an argument. There are other ways to simulate mouse input. For example, it can be programmatically set a control property that represents a state that is typically set through mouse input (such as the Checked property of the Checkbox control), or can directly call the delegate that is attached to the event wanted to be simulated.
Result
The study gives successful result working in a non-real time simulation. Adding header files with specified functions from EMOTIV can make this project work in real time environment. The recorded signals converted into .csv file format as a data and extracted as a source in C#. Signals recorded during head movement are shown in Fig 8,9,10,11. 	Comment by GRIFFITHS Alison: Evidence required
[image: ]
Figure 8:Signal Recorded while turning head towards right
[image: ]
Figure 9: Signal Recorded while turning head towards Left
[image: ]
Figure 10: Signal Recorded while moving head to Up
[image: ]
Figure 11:Signal Recorded while moving head towards Down
During the research some issues has been observed as well. EEG signals are noisy and variable from time to time. Noise emerges from slight movements in the position of electrodes and changes in the conductance through skin and hair impedance. Most BCI tests bargain just with order and have overlooked the location issue of distinguishing when a subject has delivered a BCI charge and is not performing some other mental movement. Following are the links to experimental videos.
 1. Checking signal strength and variations
https://www.dropbox.com/s/6ww2tlh2pq46ikz/EEG%20signal%20Strength.MOV?dl=0
2. Mouse movement using gyro function of EPOC
https://www.dropbox.com/s/qz8gd7itebl2zew/Testing.mp4?dl=0
Conclusion
After studying the brain anatomy and the electrical signals present in the brain and by comparing the EEG signals, it can be concluded that brain signals can be programmed using a programming language and can be used to control and operate a mouse. A mouse is being used fully with using brain signals and movement of hands, eyes, lips or any other particular function, which can be defined, using functions in the C #language, can define the brain signals produced. Instead of using keyboard controls, the signals can be used as the input to perform the movements or opening a specific file. The readings of the movement recorded through the EMO workbench and saved in csv file mode, which is, then being extracted it into the module, which can further be modified to use as the same procedure in real time mode. This study can further be used to develop multi device controlling setups with increase in accuracy and can be used to monitor brain activities of patients.
Risk analysis
A few number of risks has been observed while this study, as using frequently this device can cause deficiency in brain cells and could be hazardous for different body functions due to the extraction of the signals from the brain and to operate this device less or no hair is required on the scalp to get better signal radiations through the neuroheads.
Forthcoming Possibilities 
The Future of BCI is not limited just to control electronic devices and smart homes. This technology has emerging as relief for patients and comfort in people’s daily life. The use of BCI has open many possibilities such as Brain Controlled Vehicles and Drones. The invasive type of BCI can be used to heal damages in brain cells and can be transplanted into the damaged part of the brain. Brain-Chips is a concept which is already in research process now a day, in which memories can be inserted in human brains and can make brain to brain communication possible. 
There are countless visions and ideas which can be implemented through BCI and will benefit human and environment.
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