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INTRODUCTION BrainGate is a brain implant system developed by the biotech company Cyberkinetics in 2003 in conjunction with the Department of Neuroscience at Brown University. The device was designed to help those who have lost control of their limbs, or other bodily functions, such as patients with amyotrophic lateral sclerosis (ALS) or spinal cord injury. The computer chip, which is implanted into the brain, monitors brain activity in the patient and converts the intention of the user into computer commands. Cyberkinetics describes that "such applications may include novel communications interfaces for motor impaired patients, as well as the monitoring and treatment of certain diseases which manifest themselves in patterns of brain activity, such as epilepsy and depression." Currently the chip uses 100 hair-thin electrodes that sense the electromagnetic signature of neurons firing in specific areas of the brain, for example, the area that controls arm movement. The activities are translated into electrically charged signals and are then sent and decoded using a program, which can move either a robotic arm or a computer cursor. According to the Cyberkinetics' website, three patients have been implanted with the BrainGate system. The company has confirmed that one patient (Matt Nagle) has a spinal cord injury, while another has advanced ALS. The remarkable breakthrough offers hope that people who are paralyzed will one day be able to independently operate artificial limbs, computers or wheelchairs. The implant, called BrainGate, allowed Matthew Nagle, a 25-year-old
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Massachusetts man who has been paralyzed from the neck down since 2001, to control a cursor on a screen and to open and close the hand on a prosthetic limb just by thinking about the relevant actions. The movements were his first since he was stabbed five years ago. The attack severed his spinal cord. "The results hold out the promise to one day be able to activate limb muscles with these brain signals, effectively restoring brain to muscle control via a physical nervous system," said John Donoghue, director of the brain science program at Brown University, Rhode Island, and chief scientific officer of Cyberkinetics, the company behind the brain implant. Professor Donoghue's work is published today in Nature. He describes how, after a few minutes spent calibrating the implant, Mr. Nagle could read emails and play the computer game Pong. He was able to draw circular shapes using a paint program and could also change channel and turn up the volume on a television, even while talking to people around him. After several months, he could also operate simple robotic devices such as a prosthetic hand, which he used to grasp and move objects. In addition to real-time analysis of neuron patterns to relay movement, the Braingate array is also capable of recording electrical data for later analysis. A potential use of this feature would be for a neurologist to study seizure patterns in a patient with epilepsy. The 'BrainGate' device can provide paralyzed or motor-impaired patients a mode of communication through the translation of thought into direct computer control. The technology driving this breakthrough in the Brain-
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Machine-Interface field has a myriad of potential applications, including the development of human augmentation for military and commercial purposes.



The Braingate Neural Interface device consists of a tiny chip containing 100 microscopic electrodes that is surgically implanted in the brain's motor cortex. The whole apparatus is the size of a baby aspirin. The chip can read signals from the motor cortex, send that information to a computer via connected wires, and translate it to control the movement of a computer cursor or a robotic arm. According to Dr. John Donaghue of Cyberkinetics, there is practically no training required to use BrainGate because the signals read by a chip implanted, for example, in the area of the motor cortex for arm movement, are the same signals that would be sent to the real arm. A user with an implanted chip can immediately begin to move a cursor with thought alone. However, because movement carries a variety of information such as velocity, direction, and acceleration, there are many neurons involved in controlling that movement. BrainGate is only reading signals from an extremely small sample of those cells and, therefore, only receiving a fraction of the instructions. Without all of the information, the initial control of a robotic hand may not be as smooth as the natural
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movement of a real hand. But with practice, the user can refine those movements using signals from only that sample of cells. The BrainGate technology platform was designed to take advantage of the fact that many patients with motor impairment have an intact brain that can produce movement commands. This may allow the BrainGate system to create an output signal directly from the brain, bypassing the route through the nerves to the muscles that cannot be used in paralyzed people. Braingate is currently recruiting patients with a range of neuromuscular and neurodegenerative conditions for pilot clinical trials in the United States. Cyberkinetics hopes to refine the BrainGate in the next two years to develop a wireless device that is completely implantable and doesn't have a plug, making it safer and less visible. And once the basics of brain mapping are worked out there is potential for a wide variety of further applications, Surgenor explains."If you could detect or predict the onset of epilepsy, which would be a huge therapeutic application for people who have seizures, which leads to the idea of a 'pacemaker for the brain'. So eventually people may have this technology in their brains and if something starts to go wrong it will take a therapeutic action. That could be available by 2007 to 2008."
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HISTORY After 10 years of study and research, Cyberkinetics, a biotech company in Foxboro, Massachusetts, has developed BrainGate in 2003. Dr. John Donaghue, director of the brain science program at Brown University, Rhode Island, and chief scientific officer of Cyberkinetics, the company behind the brain implant, lead the team to research and develop this brain implant system.



BRAINGATE NEURAL INTERFACE SYSTEM The BrainGate Neural Interface System is currently the subject of a pilot clinical trial being conducted under an Investigational Device Exemption (IDE) from the FDA. The system is designed to restore functionality for a limited, immobile group of severely motor-impaired individuals. It is expected that people using the BrainGate System will employ a personal computer as the gateway to a range of selfdirected activities. These activities may extend beyond typical computer functions (e.g., communication) to include the control of objects in the environment such as a telephone, a television and lights. The BrainGate System is based on Cyberkinetics' platform technology to sense, transmit, analyze and apply the language of neurons. The System consists of a sensor that is implanted on the motor cortex of the brain and a device that analyzes brain signals. The principle of operation behind the BrainGate System is that with intact brain function, brain signals are generated even though they are not sent to the arms, hands and legs. The signals are interpreted and translated into cursor movements, Dept. of Computer Engineering



5 NTA



GPTC



BRAINGATE



SEMINAR REPORT 2008



offering the user an alternate "BrainGate pathway" to control a computer with thought, just as individuals who have the ability to move their hands use a mouse.



Cyberkinetics is further developing the BrainGate System to potentially provide limb movement to people with severe motor disabilities. The goal of this development program would be to allow these individuals to one day use their own arms and hands again. Limb movement developments are currently at the research stage and are not available for use with the existing BrainGate System. In addition Cyberkinetics is developing products to allow for robotic control, such as a thoughtcontrolled wheelchair. In the future, the BrainGate System could be used by those individuals whose injuries are less severe. Next generation products may be able to provide an individual with the ability to control devices that allow breathing, bladder and bowel movements.
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ABOUT THE BRAINGATE DEVICE The braingate pilot device consists of a Sensor of the size of a contact lens, a cable and pedestal, which connects the chip to the computer, a cart which consists the signal processing unit .



The BrainGate Neural Interface Device is a proprietary brain-computer interface that consists of an internal neural signal sensor and external processors that convert neural signals into an output signal under the users own control. The sensor consists of a tiny chip smaller than a baby aspirin, with one hundred electrode sensors each thinner than a hair that detect brain cell electrical activity. The chip is implanted on the surface of the brain in the motor cortex area that controls movement. In the pilot version of the device, a cable connects the sensor to an external signal processor in a cart that contains computers. The computers translate brain activity and create the communication output using custom decoding software. Importantly, the entire BrainGate system was specifically designed for clinical use in humans and thus, its manufacture, assembly and testing are intended to meet Dept. of Computer Engineering
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human safety requirements. Five quadriplegics patients in all are enrolled in the pilot study, which was approved by the U.S. Food and Drug Administration (FDA). Existing technology stimulates muscle groups that can make an arm move. The problem Surgenor and his team faced was in creating an input or control signal. With the right control signal they found they could stimulate the right muscle groups to make arm movement. PLATFORM TECHNOLOGY Neurons are cells that use a language of electrical impulses to communicate messages from the brain to the rest of the body. At Cyberkinetics, we have the technology to sense, transmit, analyze and apply the language of neurons. We are developing products to restore function, as well as to monitor, detect, and respond to a variety of neurological diseases and disorders. Cyberkinetics offers a systems approach with a core technology to sense, transmit, analyze and apply the language of neurons in both short and long-term settings. Our platform technology is based on the results of several years of research and development at premier academic institutions such as Brown University, the Massachusetts Institute of Technology, Emory University, and the University of Utah.
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SENSE Cyberkinetics' unique technology is able to simultaneously sense the electrical activity of many individual neurons. Our sensor consists of a silicon array about the size of a baby aspirin that contains one hundred electrodes, each thinner than a human hair. The array is implanted on the surface of the brain. In the BrainGate™ Neural Interface System, the array is implanted in the area of the brain responsible for limb movement. In other applications the array may be implanted in areas of the brain responsible for other body processes. TRANSMIT AND ANALYZE The human brain is a super computer with the ability to instantaneously process vast amounts of information. Cyberkinetics' technology allows for an extensive amount of electrical activity data to be transmitted from neurons in the brain to computers for analysis. In the current BrainGate™ System, a bundle consisting of one hundred gold wires connects the array to a pedestal which extends through the scalp. The pedestal is connected by an external cable to a set of computers in which the data can be stored for off-line analysis or analyzed in real-time. Signal processing software algorithms analyze the electrical activity of neurons and translate it into control signals for use in various computer-based applications.
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APPLY Cyberkinetics' ability to generate control signals and develop computer application interfaces provides us with a platform to develop multiple clinical products. For example, using the BrainGate™ Neural Interface System, a person may be able to use his thoughts to control cursor motion and/or replicate keystrokes on a computer screen. In another example, a doctor may study patterns of brain electrical activity in patients with epilepsy before, during and after seizures. IMPLANTING THE CHIP There will be two surgeries, one to implant the BrainGate and one to remove it. Before surgery, there will be several precautionary measures in order to prevent infection; patients will have daily baths with antimicrobial soap and take antibiotics. In addition, MRI scans will be done to find the best place on the brain for the sensor. Under sterile conditions and general anesthesia, Doctor will drill a small hole into the skull and implant the sensor using the same methods as in the monkey studies. Patients will receive post-surgical care including a CT scan, some blood tests, and wound care in the hospital for 1 to 5 days after surgery. After surgery, one of the study doctors will see the patients at least once a week for six weeks, then monthly and as needed. A nurse will also check the patients regularly and will always carry a 24hour pager. The skin around the pedestal will need to be carefully monitored during the study. Detailed instructions will be provided so that the patient’s daily care provider can help with skin care.
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TECHNOLOGY BRAIN-COMPUTER INTERFACE A brain-computer interface (BCI), sometimes called a direct neural interface or a brain-machine interface, is a direct communication pathway between a human or animal brain (or brain cell culture) and an external device. In one-way BCIs, computers either accept commands from the brain or send signals to it (for example, to restore vision) but not both. Two-way BCIs would allow brains and external devices to exchange information in both directions but have yet to be successfully implanted in animals or humans.In this definition, the word brain means the brain or nervous system of an organic life form rather than the mind. Computer means any processing or computational device, from simple circuits to silicon chips (including hypothetical future technologies such as quantum computing). Research on BCIs began in the 1970s, but it wasn't until the mid1990s that the first working experimental implants in humans appeared. Following years of animal experimentation, early working implants in humans now exist, designed to restore damaged hearing, sight and movement. The common thread throughout the research is the remarkable cortical plasticity of the brain, which often adapts to BCIs, treating prostheses controlled by implants as natural limbs. With recent advances in technology and knowledge, pioneering researchers could now conceivably attempt to produce BCIs that augment human functions rather than simply restoring them, previously only the realm of science fiction.
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BCI VERSUS NEUROPROSTHETICS Neuroprosthetics is an area of neuroscience concerned with neural prostheses — using artificial devices to replace the function of impaired nervous systems or sensory organs. The most widely used neuroprosthetic device is the cochlear implant, which was implanted in approximately 100,000 people worldwide as of 2006. There are also several neuroprosthetic devices that aim to restore vision, including retinal implants, although this article only discusses implants directly into the brain. The differences between BCIs and neuroprosthetics are mostly in the ways the terms are used: neuroprosthetics typically connect the nervous system, to a device, whereas the term “BCIs” usually connects the brain (or nervous system) with a computer system. Practical neuroprosthetics can be linked to any part of the nervous system, for example peripheral nerves, while the term "BCI" usually designates a narrower class of systems which interface with the central nervous system. The terms are sometimes used interchangeably and for good reason. Neuroprosthetics and BCI seek to achieve the same aims, such as restoring sight, hearing, movement, ability to communicate, and even cognitive function. Both use similar experimental methods and surgical techniques.
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WORKING The sensor of the size of a contact lens is implanted in brain’s percental gyrus which control hand and arm movements. A tiny wire connects the chip to a small pedestal secured in the scull. A cable connects the pedestal to a computer. The brain's 100bn neurons fire between 20 and 200 times a second .The sensor implanted in the brain senses these electrical signals and passes to the pedestal through the wire. The pedestal passes this signals to the computer through the cable. The computer translates the signals into a communication output, allowing a person to move a cursor on a computer screen merely by thinking about it.
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COMPETITIVE ADVANTAGES The BrainGate Neural Interface System is being designed to one day allow the user to interface with a computer and/or other devices at a level of speed, accuracy and precision that is comparable to, or even faster than, what is possible with the hands of a non-disabled person. The BrainGate System may offer substantial improvement over existing assistive technologies.Currently available assistive devices have significant limitations for both the person in need and the caregiver. For example, even simple switches must be adjusted frequently, a process that can be time consuming. In addition, these devices are often obtrusive and may prevent the user from being able to simultaneously use the device and at the same time establish eye contact or carry on conversations with others. Potential advantages of the BrainGate System over other muscle driven or brain-based computer interface approaches include: its potential to interface with a computer without weeks or months of training; its potential to be used in an interactive environment, where the user's ability to operate the device is not affected by their speech, eye movements or ambient noise; and the ability to provide significantly more usefulness and utility than other approaches by connecting directly to the part of the brain that controls hand movement and gestures.
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DISADVANTAGES The disadvantage of the BrainGate System is that at this time, while still being perfected, the switches must be frequenly adjusted which is a time consuming process. As the device is perfected this will not be an issue. There is also a worry that devices such as this will “normalize” society. The BrainGate Neural Interface System has not been approved by the FDA, but has been approved for IDE status, which means that it has been approved for pre-market clinical trials. There are no estimates on cost or insurance at this time.
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NEUROPORT SYSTEM The NeuroPort System is an FDA cleared medical device intended for temporary (< 30 days) recording and monitoring of brain electrical activity. The NeuroPort System is based on Cyberkinetics' BrainGate technology and consists of two parts, the NeuroPort Cortical Microelectrode Array (NeuroPort Array) and the NeuroPor Neural Signal Processor (NeuroPort NSP). The NeuroPort Array senses action potentials from individual neurons in the brain. The NeuroPort NSP records these high resolution signals and provides a physician with the tools to analyze them. The NeuroPort System is designed for acute inpatient applications and will be available during a limited market release in early 2006. Information obtained from the NeuroPort System represents a new data set for physicians that could result in the development of future products that have the potential to detect and respond to the onset of certain neurological conditions.
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FUTURE OF NEURAL INTERFACES Cyberkinetics has a vision, CEO Tim Surgenor explained to Gizmag, but it is not promising "miracle cures", or that quadriplegic people will be able to walk again - yet. Their primary goal is to help restore many activities of daily living that are impossible for paralyzed people and to provide a platform for the development of a wide range of other assistive devices. Cyberkinetics hopes to refine the BrainGate in the next two years to develop a wireless device that is completely implantable and doesn't have a plug, making it safer and less visible. Surgenor also sees a time not too far off where normal humans are interfacing with BrainGate technology to enhance their relationship with the digital world - if they're willing to be implanted. Scientists have for the first time developed a brain implant that allows people to control electronic devices by thought alone, it emerged yesterday. The remarkable breakthrough offers hope that people who are paralysed will one day be able to independently operate artificial limbs, computers or wheelchairs. The implant, called BrainGate, allowed Matthew Nagle, a 25-year-old Massachusetts man who has been paralysed from the neck down since 2001, to control a cursor on a screen and to open and close the hand on a prosthetic limb just by thinking about the relevant actions. The movements were his first since he was stabbed five years ago. The attack severed his spinal cord. "The results hold out the promise to one day be able to activate limb muscles with these brain signals, effectively restoring brain to muscle control via a physical nervous system," said John Donoghue, director of the brain
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science programme at Brown University, Rhode Island, and chief scientific officer of Cyberkinetics, the company behind the brain implant. Professor Donoghue's work is published today in Nature. He describes how, after a few minutes spent calibrating the implant, Mr. Nagle could read emails and play the computer game Pong. He was able to draw circular shapes using a paint program and could also change channel and turn up the volume on a television, even while talking to people around him. After several months, he could also operate simple robotic devices such as a prosthetic hand, which he used to grasp and move objects. His research team found that the brain cells in Mr. Nagle's motor cortex were still active; several years after his spinal cord injury had severed their connection to the rest of the nervous system. The experiments that began with Mr. Nagle have, so far, been continued in three more patients. "Thanks to the generosity and pioneering spirit of our initial trial participants, who have volunteered without expecting to derive any personal benefit, important progress is being made in developing real-time neuromotor prosthesis," said Dr Hochberg. "Though much work remains to be done, hopefully one day I'll be able to say we have a technology that will allow you to move again."



Dept. of Computer Engineering



20 NTA



GPTC



BRAINGATE



SEMINAR REPORT 2008



CONCLUSION The invention of Braingate is such a revolution in medical field. The remarkable breakthrough offers hope that people who are paralysed will one day be able to independently operate artificial limbs, computers or wheelchairs. WITH A BRAINGATE YOU CAN: •



Turn on or off the lights on your room



• Check and read E-mails • Play games in computer • Use your PC • Watch and control your Television • Control a robotic arm
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