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Brain Machine Interface

• One of the greatest mysteries is the human 
brain

• This is about understanding how neural 
systems work and how to fix them.
– Why scratching relieves itching

– How memory works??

– Restoration

– Enhancement



Applications

• Artificial Limbs

• Cochlear Implants

• Deep Brain Stimulation

• Retinal Implants



Neural Recording Systems

• Electro-encephalogram (EEG), Magneto-encephalogram (MEG)
– Aggregate response of a number of neurons over the scalp
– Poor spatial resolution, good time resolution

• fMRI & PET
– Good spatial resolution, poor time resolution
– 3D spatial information

• Electro-corticogram (ECoG)
– Flexible sheet of electrodes over the cortex, requires surgery
– Better spatial and time resolution than EEG

• Intra-Cortical – EEG
– Signal from individual neurons
– Microelectrode array implantation into the cortex through surgery
– High spatial and time resolution >> large amount of data



EEG based BMI
http://www.youtube.com/watch?v=oJ-HD4uIKdc
http://www.youtube.com/watch?v=gJatpRI5Ip8
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Neural Implant – Restoration
http://www.cbsnews.com/stories/2008/10/31/60minutes/main4560940.shtml?tag=currentVideoInfo;segmentTitle

Robo Rat -
http://www.youtube.com/watch?v=-EvOlJp5KIY

Neural Implant – Enhancement
http://www.youtube.com/watch?v=sm2d0w87wQE
http://www.youtube.com/watch?v=gnWSah4RD2E&feature=related
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Intra-Cortical Neural Signals

• Local Field Potentials
– High amplitude, low frequency

• Action Potentials (Neural Spikes)
– Produced when a neuron ‘fires’

– Typical firing rate: 10 to 100 spikes per second

– Typical spike: about 1.5ms long, 2ms refractory period
Bandwidth (Hz) Amplitude (mV)

Local Field Potential 0.1 – 100 0.5 – 5

Extracellular Action Potential 200-10K 0.05-0.2



Neural Signals





– Blind Source Separation

– Source localization





Proposed System Architecture
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