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On Improving Motor Imagery BCI Using A Novel Physical Feedback Technique

In this study, and through an understanding of neuronal system communication, A light was shed upon a novel model serves as an assistive technology for locked-in people suffering from Motor neuronal disease. MND patients, who have an intact minds, are able -till now-to make a mean of onscreen communication. Work was done upon the potential of brain wave activity patterns to be detected as electrical signals, classified and translated into commands following BCI constructing paradigm. However, The interface constructed was for the first time a device which can reconstruct this command physically. The intervention is in a software is used to classify imagined right and left limb movement into binary results, and then make use of the magnetic field produced by the amplified pulses to reconstruct the activity into ferrofluid droplets movement-these moved due rotation of a desk according to the data received. Objectives of the project is to address the challenges of the inaccurate performance and cost of user-training which are yet the main issues preventing BCI from being upgraded into more immersive and effective technology. The design requirements addressed were the communication speed of the droplet movement and the accuracy of hitting fixed targets . Tests were performed based on software programs accelerated changing motor imagery movement of left and right limbs. The tests achieved an average speed of 0.469 cm/s and average accuracy of 81.6% for the best volume from many were tried. A conclusion to be drawn was that the promise of this other point of view on BCI systems to be more Brain-Real World Systems. 

INTRODUCTION

WHO (World Health Organization), about 14% of world's population have disabilities with 2-4% experience significant difficulties in functioning. Correspondingly, Egypt contain about 2 million people with disabilities representing about 3.5% of the total population; a statistic made in 1997 by central Authority for public Mobilization and Statistics. The statistic revel that about 15% of people with disabilities in Egypt have Mobility Impairment.

Although there is currently no cure, it is not true to say that, 'nothing can be done for the person with motor neuronal disease'. A great deal can be done to maintain quality of life through assistive communication technologies. Brain computer interfaces or BCIs are now the tool for MND patients. Depending on understanding of how the brain works, A BCI reads the waves produced from the brain at different locations in the human head, Classifies the signals in program, and generates commands that can control the computer.

While the importance of subject's motor imagery skills in BCIs is well recognized, most studies have focused on the computer side and improving classification algorithms and very few have attended the human side and training paradigms that can facilitate the skill acquisition process for subjects. Powerful machine-learning algorithms have been created. On the other hand, less research has focused on investigating how BCI users may optimally adapt. This Project Focuses on the latter aspect with totally new intervention into the system. More precisely, The goal of this project is to explore the influence of novel intervention of physical feedback design on enhancement of user's performance and interaction with a BCI system. ARCHITECTURE OF BCI SYSTEM the BCI system generally performs a six step process (Figure 1): brain activity measurement, preprocessing, feature extraction, classification, command translation, and feedback .

EEG Data Acquisition: Brain activity measurement is the step in which electrodes are used to obtain the user's EEG at specific regions on the scalp, to form input for the BCI system. This step involves determining the number and location of the channels, amplification, analogue filtering, and A/D conversion. Channel locations are selected according to the paradigm used and mental task performed.

Most people exhibit prominent oscilation in the 8-12 Hz band of the EEG recorded ove sensomotor areas . When they are not actively enganged in motor action, sensory processing or imagination of actions. This oscilation is usually called mu rhythm and is thought to be produced by thalamocortical circuits. Analysis of mu rhythm showed that it also usually associated with 18-25 Hz beta rythms. While some of the beta rythms are harmonics of the mu rhythm, some are separated by topography or timing from mu rhythm.

In fact,BCIs use the different types of paradigms to operate like Visually Evoked Potentials, Event Related Potentials, Readiness Potentials and Motor Imagery. Here we consider MI detection. What makes these neural signal patterns important to Human computer interfacing studies is that the mu and beta frequency drop occurs even when the planned movement is not executed-that is, the signals are still observable in paralyzed patients like those with advanced ALS .Thereby, MI BCI can provide direct communication without any limb movement or external stimulus. MI BCI uses "induced" brain activity from the cortex, rather than "evoked" brain activity. The mu wave is found over the motor cortex, in a band approximately from ear to ear. A person suppresses mu wave patterns when he or she performs a motor action or, with practice, when he or she visualizes performing a motor action. This suppression is called desynchronization of the wave because EEG wave forms are caused by large numbers of neurons firing in synchrony. The electroencephalographic (EEG) mu rhythm is an 8-13 Hz rhythm generated by the sensorimotor cortex. Motor imagery implies a thought activity of imagining of physical movement. In other words, when imagining a hand movement or actually moving the hand, ERD (Event-Related Desynchronization) occurs around the μrhythm area within the sensory motor cortex (see figure 2 )

The mu wave is hypothesized to represent an "idling" rhythm of motor cortex that is interrupted when movement occurs. The free running EEG shows characteristic changes in mu activity, which are unique for the movement of different limbs. These findings have and will -for our work-be useful in the construction of BCI systems. That is shown through (fig. 3) which shows basic phenomenon of mu/beta rhythm modulations in EEG while imagination of right hand movement.

Brain activity is picked by one of different types of electrodes. In their most simple method, they are placed on the scalp using gel as a conducting material. The placement of electrodes commonly follows the 10-20 system (2) Preprocessing After the signals being detected by the headset, normal BCI systems include g.USBamp, It is a bio signal acquisition system with 24-bit resolution that provides signal-conditioning functionality to amplify, filter, and convert electrode outputs into digital values. Its user-selectable, multichannel modules allow the simultaneous recording of electro -encephalogram (EEG) data.

(3) Feature Extraction and Classification The brain patterns used in BCIs are characterized by certain features or properties. For instance, amplitudes and frequencies are essential features of sensorimotor rhythms. The firing rate of individual neurons is an important feature of invasive BCIs using intracortical recordings. The feature extraction algorithms of a BCI calculate (extract) these features. extraction is the process of distinguishing the pertinent signal characteristics from extraneous content and representing them in a compact and/or meaningful form, amenable to interpretation by a human or computer. Classification is a step which assigns a class label to a set of features extracted from the signal. In other words it is about assigning a command to a specific pattern of the EEG. The two process are usually integrated in one "processing program" in normal BCI systems [START_REF] Proverbio | Observation of Static Pictures of Dynamic Actions Enhances the Activity of Movement-Related Brain Areas[END_REF] Visualization and command representation is the step of exhibiting the command. It is the step which understood to be revealing the intention of the brain. The step has always an on-screen visualization in normal BCI systems.

THE PHYSICAL FEEDBACK TECHNIQUE

In the seek of achieving a physical visualization system, Our system undertake a modifications on the normal system steps. Firstly, and as hinted in the step of Acquisition, we work on mu/beta rhythm while subject in motor imagery activity. Here, we adopt two different positions to detect signals from, namely the C3 (Left hemisphere) and C4 (Right hemisphere) in the 10/20 system. Although the normal use is a 32-channel of positions, the promise of the only two positions mentioned and the differ in the following steps made our modification reliable and achieving a simplicity would contribute to the final outcome in terms of speed and accuracy. Fig 5 shows the notable attenuation while in motor imagery .

In the following, mention our novel system to be integrated with the normal BCS systems (or with the mentioned modification. To achieve the reliable physical visualization, 3 major concepts in electronics, physics and chemistry was integrated in an intellectual unification paradigm. Those are: A) Classification Software This attenuation in mu rhythm which is our feature to be extracted was induced by a simulation of a software program named BCI 2000 as there were two electrodes in the C3 position in the two hemispheres. the classification process begins when this attenuation is detected and then sampled by a MATLAB program. It works as follows: within the range of attenuation the higher of the two will be sampled in a two bit sampled as 1 or 0 (this is because even if the activity is centered in one hemisphere , the other will have otherbut much lower -one ) . Those 4 outcomes which established from the 2 bit sampling was used to produce the current and the then the movement based upon to achieve the simulation of the imagined movement.

B) Arduino Board and Electromagnet

The 0/1 binaries gathered from the BCI simulation system was transformed to an Arduino controlling system. The Arduino was used to induce current flowing through a solenoid or electromagnet. That was based upon Ampère's circuital law that an induced electric field could establish a magnetic field and vice versa. The electromagnet dimensions was estimated as follows: it will be like a solenoid having the length of an iron nail (10cm) with radius of 1cm. According to Elementary physics equation which describe the intensity of the magnetic field around the solenoid, The movement of the ferrofluid movement is basedas mentioned before-upon the induced current in electromagnet. The idea is that this electromagnet is movable in a circular path based upon a motor and gear . The angle of rotation depends on the integration of the data at the Arduino. Algorithm was used to achieve the following table paradigm.

So, now if patient thought about his right hand movement, his left hemisphere gives higher attenuation and is then 1 in the binary code and left hemisphere is 0. this makes the electromagnet rotates 180 and we know that he thought to move his right hand. Similar approach, achieving 360 rotation is done for left hand imagining movement TESTS AND RESULTS

1.Velocity

Velocity is measured by calculating the distance and dividing it by time taken by the droplet to move. Although a force affects the droplet and acceleration should be calculated, High Stroke force affect the motion decreasing the magnitude of the acceleration making it negligible. Data is Figure .. shows this relation such that velocity of the droplet is nearly negligible. For precise calculation for the time the droplet taken to move three trials for each distance was experimented and taken to average. The experiment was made for each of the three different volumes of the droplet ranging from 5 to 20 μL. The following data table no.2 show each trial corresponds to what distance and volume. There was a random error by ± 0.335 ( 1%). Measurement tool of distance was a roller and measurement tool of time was a stop watch 

2.Accuracy

Accuracy is defined as the how much success does the droplet achieved. A simple ruler was used to determine the actual distance the droplet moved and then compared with the distance the droplet should move. The experiment is considered precise as even the friction is calculated in the stroke force as it defined by the viscosity of the droplet. The distance measurement error by ± 0.2 (20.5%). The measurement tool of distances was the roller. Table 4 shows the average of the many trial tests on accuracy Formation of the Ferrofluid: (Fig 7)

.0 mL of 2M FeCl2 solution and 4.0 mL of 1M FeCl3 were added to ammonia solution with a concentration of 50 mL of 0.7 M. An exothermic reaction was observed that preaches for the formation of Magnetite, a black precipitate. At the end reaction, heat energy was added to the solution to get rid of excess ammonia. The heating of the solution persisted for 3 hours. A clear black solution was observed that sign for the successfulness of the chemical synthesis. The balanced equation of magnetite formation is as follows: 2FeCl3+ FeCl2 + 8NH3 + 4H2O → Fe3O4 + 8NH4Cl

The surfactant used in this synthesis is citric acid with a concentration of 2 mL (25%). The Ferrofluid was then heated again. After the second thermal accumulation, Kerosene was added to the solution as a carrier to the nanoparticles. Extending the system use can be achieved also after increasing the number of options that the interface can manage to exhibit. This can be done by adding more option for the classification and their corresponding command of different angle of rotation. Idea demonstration is shown in figure 11 .(where different colors correspond to different commands)

The tool can also be used for improvement of BCIgames as the tool is suitable to be used ,if other electromagnets were added and a study on the impact of each of which on the other, in games as it would be possible to reconstruct abstract 2D object as shown in figure 12.

This multi effect of different magnetic fields can be understood through Maxwell's equations. In our case, we are changing magnetic fields slowly (compared to radio frequencies) thus the magneto-static equations are appropriate. These are where B⃑ is the magnetic field [in Tesla], H⃗ is the magnetic intensity [Amperes/meter], j⃗ is the current density [A/m2], M⃗ is the material magnetization [A/m], χ is the magnetic susceptibility, and μo = 4π × 10-7 N/A2 is the permeability of a vacuum. The force on a single superparamagnetic particle is then When a magnetic force is applied, a single particle will accelerate in the direction of that force until it sees an equal and opposite fluid (Stokes) drag force. Since the Stokes force is
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  Constructing the controlling system (figure 8,9): As shown in Fig 1 , The interface was designed at AutoCAD andas shown in Fig 2-then printed by Ultimaker 2+ machine in STEM FabLab. The glass sheet was also shaped to a circular sphere. The radius of the internal circle was 6 cm. There was also another side-connected circle With radius of 7 cm.
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 2123 AND METHOD

816898 0.765278 0.613889 Time Trial 1 Trial 2 Trail 3 Average Volume in μL

  

	Distance 5 μL		10 μL		20 μL
	3 cm			80%	82%	69%
	6 cm		81.67%	78%	59%
	9 cm		81.48%	70%	62%
	12 cm	83.61%	76%	55.00%
	2.4 /3 80% 82% 69% Average 0.90.98 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 3 cm	2.5 81.67% 78% 59% 2.3 6 cm	2.43 81.48% 70% 62% 9 cm	5 55.00% 83.61% 76% 12 cm
	181.95	5.1 /6		4.7	4.9		4.91	5
	278.81	7.3 9 /		7.6	7.1		7.33	5
	365.65	9.8 12 /	10.1	10.2		10.03	5
	41.98	2.2 3 /		2.3	2.9 2.4666667	10
	83.79	4.4 /6		4.5	5.1 4.6666667	10
	126.93	6.3 /9		6.7	5.9		6.3	10
	167.82	8.9 /12		9.1	9.4		9.13	10
	27.13	1.7 /3		2.1	2.4 2.0666667	20
	57.65	3.3 /6		3.5	3.9 3.5666667	20
	83.47	5.5 /9		5.1	6.2		5.60	20
	110.77	6.4 /12		6.1	7.3		6.62	20

Accuracy in Percentage Distance Travelled in cm 5 microL 10 micro L 20 micro L