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Abstract 
 

 Windows Brain Computer Interface, or Windows BCI, is a desktop application that is 
designed to sit between an electroencephalography (EEG) device and a personal computer 
(PC), allowing a user to control the PC using his or her mind.  This is a very modular 
application that works by taking the complex mouse-and-keyboard UI we have come to 
expect from a PC, and reducing user interaction into a series of four-way choices - an idea 
that may be familiar to those experienced in using non-smart mobile phones.  By making 
simple choices, the user instructs our application to perform complex actions behind the 
scenes, like copying text or navigating a Web page.  Using these four directions, plus the 
commands 'back' and 'home', we believe we have identified an ideal middle ground 
between the free-form input of the standard mouse-and-keyboard setup and the 
limitations that still exist for people training an EEG device to recognize their commands.  
Between its simple and intuitive user interface and its ability to be easily extended with 
third-party functionality, we believe that the Windows BCI is an application that can 
provide real value in the lives of those who could not otherwise control their bodies well 
enough to use a PC. 



   

   

  



    

 

Windows Brain Computer Interface (BCI) 

 

1 - Project Description 
 
1.1 - Problem Statement 
The less control an individual has over his or her body, the more restricted that individual's 

interaction with the world will be.  This statement largely has one exception, and that is the 

digital world of computers and, through them, the Web.  Even this, though, only goes so far.  

People who do not have the use of their legs can interact with a computer fully as it was 

designed to be used.  Presently, people who cannot control their arms can still make full 

use of a computer with voice recognition suites or with head or eye tracking devices and 

onscreen keyboards.  But what about those who cannot speak or express complex motor 

control?  These people are not only unable to participate in the digital world that most take 

for granted, but often their conditions prevent them from participating in the physical 

world as well. 

 

The people that make up this group are affected by a wide variety of conditions, including, 

but not limited to stroke; advanced degenerative conditions such as Parkinson's, MS, or 

ALS; spinal cord injury; and locked-in syndrome.  It is nearly impossible to determine the 

number of people in this state.  With the exception of locked-in syndrome, which can easily 

be misdiagnosed, the conditions that we have looked at that could put a person into such a 

state affect only a subset of their victims to this severity.  However, to help give some idea 

of the figure, when the Christopher and Dana Reeve Foundation conducted a survey of 

paralyzed Americans, it was found that 16% of the 5,596,000 suffering from paralysis in 
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this country were "completely unable to move".  While their criteria did not include our 

restrictions on speech or eye movement for precise comparison  to this group, that still 

puts its size somewhere in the ballpark of 900,000 people in the US alone. 

 

The causes and treatments of these conditions are obviously radically different, but their 

symptoms have the common feature of limited, unreliable, or no control of the body.  In 

order for these people to enjoy the freedom that comes with the use of a computer, the 

Web, and, in some cases, even basic communication, a system needs to be created that can 

be used without any physical input from the body.  Logically then, this problem demands a 

system that can be controlled through input from the brain. 

 

1.2 - Solution 
The base idea for our solution is to create a very simple user interface that will sit between 

the users and their computers, allowing them to control the computer and its applications 

through the use of our application.  As our users will not be able to reliably control their 

bodies, we have used an Electroencephalography (EEG) headset to capture their input.  

This field has made significant advances in recent years, and what would have been 

expensive, top of the line medical equipment not so long ago, is now available commercially 

and affordably for individual use, primarily for gaming.  At this point in time, the only real 

player in this field is the company Emotiv; accordingly, we are using their product, the Epoc 

EEG headset. 

 

Because this technology is designed to recognize a user concentrating on specific, trained, 

thoughts, both the user and the device are limited in the number of distinct thoughts they 
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can use as inputs.  That being said, the challenge of creating a solution to this problem, and 

the innovation presented in this project, is in taking very basic input and using it to 

perform complex actions.  To accommodate these limitations, our application acts almost 

as a surrogate operating system, taking input from the user and using it in a context-

sensitive manner to control other applications. 

 

 

2 - Design Protocols 
 

2.1 - User Profiles 
Our application is designed to help people who today cannot use a computer due to 

physical limitations, a subset of whom would not be able to communicate at all.  Of course, 

there is nothing to stop an able-bodied person from making use of our system, but, because 

this distinction will have no effect on the user's ability to mentally interact with our 

application, and because the primary goal of this application is to empower people who are 

cut off from the world, our Primary User will be someone suffering from a debilitating 

condition such as one of those discussed in the Project Description. 

 

That being said, our Primary User will not be able to start using the application without 

help - both the user and the software need to be trained on the mental commands that will 

be used to operate the application.  This training will be incorporated into our application, 

but its need necessitates a second user type, the Assistant, who can walk the Primary user 

through the initial setup using a standard mouse and keyboard user interface.  If a user or 

the software has not gotten a command down correctly, it might be impossible for the 
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Primary User to inform the system of this - it would be the Assistant's responsibility to 

confirm this both at the initial setup and at any later re-training. 

 

Once the Assistant has helped the Primary User through the initial setup, the Primary User 

will be able to use the application's interface to control Windows®, to control other 

applications running on Windows®, and to change the configurations and settings of the 

application itself.  These interactions can be seen in Figure 1. 

 

Figure 1: Use Case Diagram 
 

2.2 - Design Considerations 

Limited Input 

Our primary and guiding design consideration is that we have a very limited number of 

commands with which to work.  Our initial work was done using the Emotiv headset / 
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software package as the input into our application – at base, this system allows for four 

thoughts to be mapped to key-presses, though there are ways of getting additional 

commands mapped.  To reach our goal of six inputs and to remove our reliance on Emotiv 

software, we later created an input plugin that deals directly with Emotiv USB input. 

 

Even at six, though, our number of inputs is very small compared to something like 

freeform mouse input.  To overcome this, we have taken some inspiration from the 

versatility of the user interfaces on mobile devices.  On an Android® handset, for example, 

the user has four static buttons (menu, home, back, and search), and everything else is 

done through a touch-screen.  Accordingly, we plan to have a 'home' command and a 'back 

/ previous' command.  However, the mind as seen through an EEG headset is not nearly as 

versatile as a finger can be for a touch screen, and so we had to come up with a new design 

for the 'everything else' category of controls.  Our plan for the primary use of our 

application is to use four 'directional' commands to navigate menus, select options, and, 

ultimately, navigate to selections. 

 

This can be seen more fully in sections 5.3 and 5.4, but the core of the directional interface 

is taking a list of items for the user to select and splitting them into four groups, placed at 

the four edges of the screen.  To select one of these items, the user will identify the side of 

the screen containing the item to be chosen, and select that direction.  The group on that 

side is then broken evenly into four new groups that are displayed on the four sides.  The 

user will repeat this until only the item they are interested in is remaining. 
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Setup 

Also central in our approach to this application is the knowledge that our target users will 

not be able to start using the application on their own.  Just from a hardware perspective, 

our users will need someone to set up a computer, install the application, and acquire and 

position a headset for them.  At this point, though, the system will still be useless as the 

software that interacts with the Epoc® headset must be 'trained' to recognize the 

commands that will be used in the application.  Thus, it is necessary for our application to 

include an initial walkthrough of the workings of the system and also incorporate the 

training of the Emotiv® software.  The user will need someone else with them to navigate 

this initial setup and confirm that both the user and machine have been appropriately 

trained.  The user interface for this portion should be navigable with standard keyboard 

and mouse input and should be as simple as possible so that an assistant without a strong 

technical background can walk a user through this without introducing any confusion.  

After the initial setup, the user will be free to use the application to make any changes to 

the application's advanced options. 

 

This necessity also presents an opportunity for us to improve upon the standard training 

process.  It is commonly accepted that visual feedback helps to speed and ease the training 

process for mental commands, and the Emotiv® software does indeed show a three-

dimensional graphical response to commands (4).  In our situation, though, we have the 

advantage of knowing ahead of time what commands the user will be mapping and can 

thus 'fake' initial feedback, which will strengthen the user's association between his or her 

command and the system's response.  This will result in the user being able to issue 
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commands more strongly and thus more clearly sooner than the standard software would 

allow. 

 

OS Integration 

We have used an open source library based on the AutoIt scripting language.  The built in 

functionality of this library with occasional help from direct Windows API calls allow us to 

interface with Windows and other applications. 

 

2.3 – Application Design 

Main Application 

The main application uses the Model View View-Model application architecture.  This is the 

basis for an n-tier data-driven application that would typically be driven by a database / 

data warehouse backend.  In our application, though, we receive our information and send 

external commands through our plugin system.  Our goal was that each plugin be as 

autonomous as possible, needing to do its own heavy lifting, and therefore allowing the 

main application itself to really only contain the bare minimum to take in input and display 

it while housing the plugin manager.  

 

Plugin Architecture 

This is the bulk of our application.  Plugins exist in a multithreaded environment where at 

any given time, one plugin can actively be controlling an application, several can be on hold, 

and several more privileged plugins will be running in the background.  Our needs from 
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this application required that plugins be installed and removed dynamically at runtime, 

and that the main application be able to use plugins that it had never seen before.   

 

Figure 2: MEF Plugin Architecture 
 

To accomplish this, we use .Net’s Managed Extensibility Framework (MEF).  MEF lets us set 

up contracts for a type of plugin so that it can be recognized generically by the main app 

and at the same time lets the main app export pieces of itself so that plugins can make calls 

on it.  Through this, we can set up independent projects capable of two-way 

communication, and, when attached with correct MEF tags, that can be dynamically linked 

at runtime through .NET.  A simple breakdown of this relationship can be seen in Figure 2. 

 
 

3 - Deliverables 
 

Generic word processing plugin  

Generic internet browser plugin  

Plugin Architecture Implementation  
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Software Architecture Implementation  

User overlay Implementation  

Text-to-speech plugin  

Window Monitor plugin  

Keyboard plugin  

Generic Windows form application plugin  

Plugin Management 

Breadcrumbs 

Visual Selection Feedback 

Initial Setup/Tutorial 

Integrated Application configuration / options  

Epoc Headset plugin  

Windows File Explorer plugin  

 

 

 

 

4 - Project Planning 
 

3.1 - Cost Analysis 
The components of this project fall into two categories; development tools, which we as 

students can obtain for free from Microsoft’s® DreamSpark Website, and the Emotiv® 

Development Edition SDK, which includes a headset, and which we must buy.   These costs 

can be seen in Table 5-1: 
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 Product Quantity Unit Cost Cost Incurred 

Visual Studio 2010 Professional with MDSN Essentials 2 $549 0 

Expression Studio 4 Ultimate 1 $599 0 

Emotiv Development Edition SDK 1 $500 $500 

Total  $2,197 $500 

Figure 3: Project Expense Table 
 

As we develop the application, we may purchase a second headset to aid in development 

and testing, but this is not a project requirement.  

 

 

3.2 - Project Progress 
As can be seen by our project timeline on the next page, the challenging issues of 

establishing an application architecture, establishing a plugin architecture, figuring out 

what 'special' plugins are needed, what a plugin should look like, and getting multiple 

plugins of different types to work together in a multithreaded environment, have all been 

taken care of  in the Winter Quarter.  In the Spring Quarter, we focused on higher level 

issues like plugin management and trying to come up with some utility plugins that would 

be necessary as part of using a PC. 
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Figure 4: Project Gantt Chart 
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5 - Proof of Design 
 

5.1 - Initial Setup/Tutorial & Integrated Headset Training 
The first view of the application is a bit different from the rest of the application because it 

is an introduction to the assistant's portion. It displays some basic information about the 

project. As a fully functional user, the assistant is able to use a mouse normally to click 

“Training” or “Proceed to Application”. Clicking “Proceed to Application” will skip training 

and go directly to the main screen. Clicking “Training” will go to the training screen. The 'x' 

in the top right corner of the screen is used to exit the application.  It is assumed that the 

primary users will not choose to exit the application from their portion, as they would not 

be able to re-enter. 

 

Figure 5: Windows BCI Startup 
 

The training screen lists the six possible actions to be trained with corresponding “Train” 

and “Demo” buttons for each action. Both buttons display the same visualization per action 
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using the blue cursor. While the “Demo” button simply acts a demonstration of the cursor 

moving, the “Train” button causes the headset to record the user's thought pattern to 

match to the action. After all the actions are trained, the assistant will click “Proceed to 

Application” and the user will be free to proceed to use the application without the aid of 

the assistant. 

 

Figure 6: Headset Training 
 

5.2 - Visual feedback for Headset Input 
During the first quarter of development, it became rather apparent that visual feedback for 

using the Epoc Headset was very helpful for generating good input. Although not originally 

on our deliverable list, we added visual feedback since the investment seemed worth the 

time. The visualization is a transparent blue circle that moves in the direction of the user's 

current action. Up, down, left, and right move in those directions. For back, the circle gets 

smaller as though it's moving away from the user. For home, the circle gets larger as though 
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it's moving towards the user. The visualization for training the "Up" command can be seen 

in Figures: 7-9. 

 

Figure 7: Training "Up" (1 of 3) 
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Figure 8: Training "Up" (2 of 3) 
 

 

Figure 9: Training "Up" (3 of 3) 
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Once the training is done being trained, the assistant is prompted to either accept or reject 

the training (Seen in Figure 10). If accepted, the training data is saved and added to their 

user profile. If rejected, the training data is simply discarded. 

 

Figure 10: Training Complete 
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5.3 - User Overlay 
The user overlay is the heart of our application design. Given that the user only has six 

commands and two of them, back and home, perform dedicated actions, only the four  

 

 

Figure 11: Home Screen 
 

directions are left for navigating options within our application. To solve the problem of 

how to select an item out of a large group of items, we decided to split the options into four 

groups of items, set on each of side of the screen. On the home screen, seen in Figure 11, the 

available options are displayed on the top, bottom, left, and right of the screen. With the 

exception of “Configure Plugins (1)”, the options on the home screen are the available 

plugins to be launched. In the case of going left, right, or down, there is only one item so 

that item would be selected when the user inputs that command. At the top of the screen 

though, two options are displayed. When the user goes up, that group will be selected and 
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divided into four new groups throughout the screen, or in this case, just two groups (Seen 

in Figure 11). 

 

 

Figure 12: Group Splitting Example 
 

Since each group now only contains one item, when a side is selected, the item is 

considered selected and in this case, a plugin will be launched. 

  

In the bottom right hand corner of the user overlay, there is a question mark that, when 

clicked using a mouse, will re-open the assistant portion of the application. It requires a 

mouse click to prevent the user from accidently opening it and locking them out of the rest 

of the application. If the headset gets disconnected somehow(out of range, low battery, etc) 

a  yellow exclamation point appears next to the question mark, as seen in Figure 13. 
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Figure 13: Headset Signal Loss Indicator 
 

5.4 - Text to Speech, Keyboard & Quick access to common phrases 
The Text to Speech plugin is a rather basic plugin that makes a call to the user overlay to 

bring up the keyboard plugin with an added option, “Speak”, and the prompt of “Say this:”. 

Most of what the user sees in the Text to Speech plugin is simply the Keyboard plugin. The 

alphabet is displayed around the screen with submenus for numbers (Figure 16) and 

symbols (Figure 15). 
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Figure 14: Text To Speech / Full Keyboard 
 

 

Figure 15: Keyboard, Symbols Submenu 
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Figure 16: Keyboard, Numbers Submenu 
 
Once the count of letters selected equals the suggestion threshold, two by default, 

suggestions are listed below the text entry box (Figure 17). The number displayed in the 

menu item “Suggestions (12)” tells the user that there are 12 suggestions to be selected 

from. By selecting “Suggestions (12)”, the suggestions are displayed around the screen to 

be selected from (Figure 18).  



  Diare, Bollard - 22 | P a g e    

 

 

Figure 17: Text to Speech, Suggestions (1 of 2) 
 

 

Figure 18: Text to Speech, Suggestions (2 of 2) 
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When “Speak” is selected, a text-to-speech engine is used to say the entered phrase and that 

is the function of the Text To Speech. Although there's not much to it, it could be very useful 

to our target users, allowing them to communicate in a way they might not otherwise be 

able to. 

 

Once text is entered using the Keyboard plugin, it is stored in history and the count will 

increment for the menu item “History (0)” as seen in previous figures. Selecting the history 

menu item will display previous entered text in the same way as the suggestions menu. 

 

5.5 - Generic Text Editor 
The Generic Text Editor plugin generically controls basic text editors by providing access to 

the standard text editor functions. When started, the user is presented with compatible text 

editors found on the computer, in this case Notepad and WordPad (Figure 19). 

 

Figure 19: Generic Text Editor, Program Selection 
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After selecting a program, the program is launched and the user is presented with action 

options (Figure 20). “Type” brings up the Keyboard plugin to allow the user to type into the 

text editor. “Save” prompts the user for a filename using the Keyboard plugin then saves 

the current file. “Open” displays all text files that can be opened in the user's My Documents 

folder. When a file is selected, it is opened in the compatible text editor (the user is 

prompted if there is more than one). “Navigation” opens up the navigation menu (Figure 

21). “Exit” will exit the text editor and Generic Text Editor plugin. 

 

Figure 20: Generic Text Editor, Main Menu 
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Figure 21: Generic Text Editor, Navigation Menu 
 

In the Navigation menu, the user is presented with options that allows them to navigate 

throughout text. “Home” and “End” work identical to the keyboard keys. “Paste” will paste 

the contents of the clipboard. “Directions” opens up the Directions menu (Figure 23). “Start 

Selection” will start selecting text from the current cursor location. After selecting “Start 

Selection”, “End Selection” replaces it and stops selecting text. Additionally, “Cut” and 

“Copy” are added to the menu which perform the expected functions. 
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Figure 22: Generic Text Editor, Navigation Directions Submenu 
 

The Directions menu allows the user to navigate through the text using four directions. 

 

5.6 - Generic Web Browser 
The Generic Web Browser aims to give basic control over web browser applications 

although it is currently only configured to recognize Google Chrome. When starting the 

plugin, Chrome is automatically opened and the main menu is displayed (Figure 23). 

“Navigate Page”, “Control Browser”, and “Bookmarks” all open corresponding menus. 

“Enter URL” prompts the user for a URL using the Keyboard plugin and then navigates to 

the URL. “Exit” will exit the browser and the Generic Web Browser plugin. 
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Figure 23: Generic Web Browser, Main Menu 
  

The Bookmarks menu has two options. “Bookmark Current Page” adds the current page to 

the list of bookmarks. “View Bookmarks” will list all the stored bookmarks (Figure 25) and 

selecting one will navigate the page to the bookmarked URL. 
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Figure 24: Generic Web Browser, Bookmarks Menu 
 

 

Figure 25: Generic Web Browser, View Bookmarks 
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The Navigate Page menu has various options for navigating the current page. “Select” will 

select the current selected item on the page, like pressing a button if it's selected. “Enter 

Text” will bring up the Keyboard plugin and allow live text entry into the current page. 

“Scroll”, “Tab Nav”, and “Spatial Nav” open corresponding menus. 

 

Figure 26: Generic Web Browser, Navigate Page Menu 
 

The Scroll menu lets the user scroll in four directions (Figure 27). 
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Figure 27: Generic Web Browser, Scroll Page Menu 
 

The Tab Nav menu allows the user to navigate to the next or previous item using tab 

navigation. 
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Figure 28: Generic Web Browser, Page Tab Navigation Menu 
 
The Spatial Nav menu allows the user to use spatial navigation to select items using four 

directions. Google Chrome needs a spatial navigation plugin for this feature to work.  

 

Figure 29: Generic Web Browser, Page Spatial Navigation Menu 
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The Control Browser menu has two submenus: “Navigate Browser” and “Navigate Tabs”. 

 

Figure 30: Generic Web Browser, Control Browser Menu 
 

The Navigate Browser menu allows the user to navigate to the next or previous page and 

reload the current page. 
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Figure 31: Generic Web Browser, Navigate Browser Menu 
 

The Navigate Tabs menu allows the user to navigate to the next or previous tab in addition 

to closing tabs and opening new ones. 
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Figure 32: Generic Web Browser, Navigate Tabs Menu 
 

5.7 - File Explorer 
The File Explorer plugin provides a custom user interface for navigating the file system and 

opening files (Figure 33). The top of the center window displays the current folder path. 

The contents of the current folder are display in columns and the currently selected column 

will be highlighted in blue. To select a file, the user uses left and right to highlight the 

column containing the targeted file and then selects “File Selection”. Then the files from the 

column are displayed in different view (Figure 34). 
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Figure 33: File Explorer, Main Menu 
 

 

Figure 34: File Explorer, File Selection 
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The File Selection menu works on the same principles as any other menu but utilizes the 

full screen to more flexibly display items with icons in an easy to read format. Once file is 

selected, the file is opened using the default Windows application associated with that file 

extension. 

 

5.8 - Plugin Management/Configuration 
Plugins have the ability have a configuration menu separate from the main plugin. This 

gives the user a dedicated place to go and change settings for the various plugins they have. 

“Configure Plugins (1)” on the main menu shows that there is one plugin that can be 

configured and by selecting it, the  configurable plugins are listed (Figure 35). “Default 

Keyboard” is the only plugin that can be configured at the moment so it's the only one 

listed. 

 

Figure 35: Plugin Configuration 
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Figure 36: Default Keyboard Configuration 
 

The Keyboard's configurable options are “Suggestion Threshold”, “# of Saved Phrases”, and 

“# of Suggestions” (Figure 36). All three call the Keyboard plugin for numeric input and 

save the settings in a configuration file. 

 

5.9 - Breadcrumbs 
Breadcrumbs are text labels in the top left hand corner of plugins to give the user a sense of 

where they are within plugins. They can be seen in figures of the Generic Text Editor and 

the Generic Web Browser plugins. 

 

5.10 - Window Monitor 
The Window Monitor is a plugin that runs much like a service in the background that 

monitors the active window and notifies the associated plugin via the main application 

when a new window appears. 
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5.11 - Windows Forms Application 
The Windows Forms Application plugin has the goal of allowing generic control over most 

standard windows application by exposing the controls of the application to the user. 

Currently, the plugin allows the user to exit the application and to navigate the program's 

menu structure and select the items in a way that has the plugin acting like replacement 

interface for the normal menu (Figures 37 & 38). In applications with a lot of menu items 

like Notepad++, you can get plenty of functionality as seen in the Notepad++'s Edit menu 

(Figure 39). 

 

Figure 37: Windows Forms, Main Menu 
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Figure 38: Windows Forms,  Application Menu Structure 
 

 

Figure 39: Windows Forms, Application Submenu 
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6 - Testing 
 

By and large, our deliverables are modules for the application and are only incorporated 

into a working partnership at runtime.  As such, they cannot easily be tested outside of the 

context of actually running the application.  Thus, our testing plan was to thoroughly 

document what a module should do before we bag its development, and then to use both 

keyboard and headset input to make sure that the module is both doing what it is supposed 

to and not affecting other modules. 

 

An example of this would be our Generic Text Editor module.  When opened, this module 

should figure out what word processors the user has installed and list the supported ones 

as options to be selected.  Selecting an application should open a new document in that 

application that will displayed in the center of the Window BCI's Directional Interface.  

From here, a user should be able to open an existing document, create a new document, 

save the current document, switch between documents, start entering text, navigate the 

cursor inside the document, or exit the current document.  When there is only one 

document open, exiting should both close the document and exit out of the module.  The 

user should also be able to use the 'Back' command intuitively to navigate menus. 

 

To test all of this functionality, we must try to use all of this functionality, varying the order 

and opening other modules to make sure that they will open and that shared resources like 

the keyboard are still fully functional. 
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At the conclusion of this project, the main application and all of our modules are functional, 

though there are a few bugs remaining in our implementation of headset training. 

 

 

7 - Conclusions and Recommendations 
 

In America and internationally, there is a segment of the population that is physically 

incapable of any form of communication.  While we do not yet feel that Windows BCI is 

quite ready for general consumption, it is our conclusion that this application can 

ultimately give voice to this group of people and allow them the freedom of the digital 

world. 

 

In order to fulfill this potential, it is our recommendation that the project be developed a 

little more fully to the point where Emotiv software is no longer required at any stage of 

use, and, from there, begin user testing to validate and improve the product.  Based on user 

feedback, it will be decided whether or not this sort of application can meet the needs for 

which it was designed, and, assuming that it can, we will proceed to release the product. 
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