
NeuroLink  
A Brain Computer Interface  

for ALS Patients by 
MindMeld 

Presenter
Presentation Notes
Book, image : Reprinted, with permission, from Szentágothai (1983). Buzsaki, Gyorgy (2006-08-03). Rhythms of the Brain (Kindle Location 1092). Oxford University Press. Kindle Edition. 



Team MindMeld 

• Andrew Black – Algorithmic Magician 
– Computer Science, BSMS program 

• Matthew Bodofsky – Packaging Specialist 
– Information Technology, Bachelor's Degree 

• Ken Fox, CISSP, CSSLP –Team Lead, Design 
– Computer Science, Math Minor, Bachelor's Degree 

• Eric Loi -- Development Manager 
– Computer Science, Bachelor's Degree 



Stakeholders 

• Sara Feldman   
– Drexel College of Medicine  
– Philadelphia PA. 

• Jeff Salvage 
– Drexel College of Computing and Informatics 
– Philadelphia PA 

• EPICS provided funding for Muse & EyeTribe 
• Dr. Greg Hislop - Advisor 

Presenter
Presentation Notes




NeuroLink 

• Two aspects to NeuroLink 
– Computer accessibility system for the immobile 

• ALS patients 

– Research system/platform  to  
• Integrate or develop new sensor devices  
• Evaluate new signal  processing methods 
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NeuroLink is a combination of hardware and software that forms a computer accessibility system for completely immobilized persons and a research platform for testing new hardware and algorithms.In particular the system was developed for people with advanced stage ALS  a.k.a. Lou Gehrig's Disease who are limited to eye movements or possibly twitching face muscles such as Physicist Stephen Hawking. Our  approach is to use a combination of low cost, commercially available sensors to allow them to control their computer; specifically an EyeTribe eye-tracker and a Muse brain computer interface (BCI). In addition to providing a product that patients can use, we also engineered it to be a flexible, extensible development platform for other researchers using other input sensors.



ALS 

•  Amyotrophic Lateral Sclerosis 
– Lou Gehrig’s Disease 
– Motor Neurons in Brain & Spinal cord degenerate 
– Eventual loss of all voluntary Muscle control: 

• Walking, speech, facial muscles 
• Senses still work 

– Always fatal, no cure, limited mitigations 
• Need a way to communicate with the world 

– Family 
– Care providers (Doctors, Nurses, Therapists, etc)  
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ALS is a Neurodegenerative disease affecting the efferent nervous system – one where the nerves which control muscle tissue (motor neurons) get sick and eventually die.As of yet, there are limited treatments and there is no cure. The disease is always fatal since motor neurons are what tell the heart muscle to contract, but the progression varies from person to person,The effects of the disease are initially seen in the extremities, making their way to the head and face. The muscles of the eyes and face are the last to go. 



Existing Assistive Technologies 

intendiX Speller 
$17.5K 

Eyegaze Edge Talker 
$10K 

Tobii PCEye 
$3.5K 
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The field of turnkey assistive technologies is very limited – there only a few companies involved and they are all very expensiveImage Links From WebEyegaze edgetalkerhttp://www.eyegaze.com/medicare-compliant-eyegaze-edge-talker/Tobii PcEyehttps://www.google.com/search?q=dragon+naturally+speaking&espv=2&biw=1745&bih=926&source=lnms&tbm=isch&sa=X&ei=IskGVbaEJ8eVNpzugKgJ&ved=0CAgQ_AUoAw#tbm=isch&q=Tobii+PCEye&imgdii=_&imgrc=kAhoXKQVWo8HzM%253A%3B2WFXGIJjBWwIdM%3Bhttp%253A%252F%252Fthecoolgadgets.com%252Fwp-content%252Fuploads%252F2011%252F04%252Ftobii-pceye.jpg%3Bhttp%253A%252F%252Fthecoolgadgets.com%252Fpceye-tobiis-eyes-tracking-controller%252F%3B500%3B523intendiXhttps://www.google.com/search?q=intendiX&espv=2&biw=1745&bih=886&source=lnms&tbm=isch&sa=X&ei=I8wGVbPaNceZgwSIkoKICA&ved=0CAcQ_AUoAg&dpr=1.1#imgdii=_&imgrc=UPWONnmewO1msM%253A%3BVkfndRv3QNfrEM%3Bhttp%253A%252F%252Fshhome.wpengine.com%252Fwp-content%252Fuploads%252F2010%252F03%252Fintendix-bci-gtec.jpg%3Bhttp%253A%252F%252Fsingularityhub.com%252F2010%252F03%252F07%252Fintendix-the-brain-computer-interface-goes-commercial-video%252F%3B345%3B223Dragon Nuancehttps://www.google.com/search?q=dragon+naturally+speaking&espv=2&biw=1745&bih=926&source=lnms&tbm=isch&sa=X&ei=IskGVbaEJ8eVNpzugKgJ&ved=0CAgQ_AUoAw#imgdii=_&imgrc=RdPsVD9ryyZcyM%253A%3BcMb-h0eA1HYctM%3Bhttp%253A%252F%252Fwww.quadomated.com%252Fwp-content%252Fuploads%252F2012%252F10%252FDragon-NaturallySpeaking-12-Lineup.jpg%3Bhttp%253A%252F%252Fwww.quadomated.com%252Ftechnology%252Fdragon-naturallyspeaking-voice-recognition%252F%3B1800%3B1200



Challenges 
• EyeTribe eye-tracker finally arrives 

– Technology Evaluation Report – Can we use it? 
– Wait, can’t download the SDK? 
– Not so open source, no direct access to eye position data 
– Resolution/accuracy 
– Steep minimum hardware requirements 

• Muse Changes their API 
• EEG state classification  

– Alpha, Beta, Theta waves a dead end 
– Switch to processing raw EEG data 

• Weather… 
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Modular Staged Architecture 

Above – From our design documents 
 
 
 

Below – From our Testing documents 
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NeuroLink has been architected to be modular and flexible from the get go – We can add , remove, and update modules without affecting the other parts of the system. So interface devices such as the Muse or EyeTribe can be readily replaced with alternatives. Similarly the classification engines can also be swapped in an out at will, making NeuroLink an excellent platform for conducting research. The top diagram shows an overview of the general architecture. The bottom diagram shows how specific devices map independently into that architecture. The vertical bars represent our embedded testing injection points.This diagram shows the initial basic architecture of NeuroLink. It is modular to accommodate additional input devices as well as changes to existing input devices – an input device is the Muse, an emotive or other BCI , or even an eye tracker. It can expand.The second stage or layer (manufacturer supplied I/O) is for the drivers or utilities that are provided by the manufacturer, and they are unlikely to present their data in the same way across manufacturers. NeuroLink really begins at the input signal processor, which takes the data as supplied by the device IO and standardizes it for use by the next stage – this allows for device independence.The guts of NeuroLink lie in the next two stages: the Recognizer-Translator (RT) and the Common Result Representation (CRR).  The RT consists of a set of filter plug-ins that try to recognize patterns or states in the processed signal data, and translate it into a data structure containing the states and which one it recognized.  This allows for multiple variations of filters supporting many devices.  The CRR converts the data structure into any number of different formats, such as text, JSON, XML or binary and writes them out to files or streams as required by the target system or application.The final stage uses the data as provided to perform some action, such as move a mouse cursor or type letters into an editor or email package. All stages & modules have the ability to produce logging data  as both a development and a debugging aid. Certain stages will store user profile data (for instance recorded sequences of commands or Macros, and tuning information)



Stages  

• Device 
• Manufacturer I/O (drivers, utilities, tools, SDK) 
• Input Signal Processor (ISP) 
• Recognizer-Translator (RT) 
• Common Result Representation (CRR) 
• Application 



Demonstration 

The Work in Progress 
 



Summary 

• Help people with Neuro Degenerative Diseases 
• Use inexpensive (relatively) technology 
• Support multiple input devices 
• Support multiple targets (systems/applications) 
• Modular/flexible processing  

– Supports change 
– Supports research 
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Neuro Degenerative diseases, and diseases with similar motor debilitations ALS, Muscular Dystrophy , Multiple Sclerosis, also Para spinal injuries.A major goal was to be affordable, and we achieve that through flexible sourcing of hardware and allowing for a variety of input devices.By developing the system as a solution and a research platform we help patients now, and leave an extendable legacy to further improve their lives in the future.



Questions 



THANK YOU 
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