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Brain Chip Implants: Controlling Movements with Thought Alone: The Impossible Becomes Reality Ahmed Elmorshidy, Ph.D. Abstract – This paper defines and discusses the break-through technology of brain implants. Brain implants, often referred to as neural are technological devices that connect directly to a biological subject's brain. The paper explains how the link between the computer chip and the human brain is established, and how things that used to be in the science fiction movies has now become reality such as controlling movements through thought only and giving orders to the computer through the brain directly without any other interference from the human body. The paper also discusses the vital implication of this technology in the healthcare industry and the hope that this technology gives to paralyzed patients interact with their environments and perhaps, ultimately, to bypass damaged spinal cords and restore movement to lifeless limbs.



——————————  ——————————



1. INTRODUCTION: WHAT BRAIN IMPLANTS? Brain implants, often referred to as neural implants, are technological devices that connect directly to a biological subject's brain - usually placed on the surface of the brain, or attached to the brain's cortex. . Some brain implants involve creating interfaces between neural systems and computer chips, which are part of a wider research field called braincomputer interfaces. Another common purpose of modern brain implants and the focus of much current research is establishing a biomedical prosthesis circumventing areas in the brain, which became dysfunctional after a stroke or other head injuries. This includes sensory substitution, e.g. in vision. Other brain implants are used in animal experiments simply to record brain activity for scientific reasons. [7] A typical neural implant consists of an array of electrodes that works with the nervous system, either by recording neuronal activity (recording) or by electrically stimulating them. Electrodes connect the electrochemical functions within the tissue and the electronic system. A circuit chip with site selection, amplifiers, and multiplexers works with some form of signal processing/embedded computing. Finally, a wireless link usually handles bidirectional data and power input.Implanting neural implants in the brain itself generally requires electrode sites every 200 µm or so for recording, and perhaps every 400 µm for stimulation. In cochlear electrodes, sites are on 250-µm centers, consistent with about 128 sites in the human cochlea. ______________________________ Dr. Ahmed Elmorshidy is with Gulf University for Science and Technology, Kuwait. Address: Gulf University for Science & Technology Block 5, Building 1, Mubarak Al-Abdullah Area/West Mishref, Kuwait



Generally, neural implants either record brain signals or stimulate the brain, but scientists are developing implants that could do both. A wide variety of high-density microelectrode structures are used in the central-nervous system. Most have a silicon substrate. Others use metal foils and polymers. The nervous system has similarities to microelectronics. Neurons, which are specialized nervoustissue cells, form complex networks that perform sensory and other physiological functions. Neuronal-cell bodies take inputs from other cells, launching spike discharges to stimulate other cells. Closely placed artificial electrodes sense voltages generated near the cell body during depolarization (a decrease in potential absolute value) of the cell's membrane. To explore changes over time, as in the case of neural prostheses, it is important to record simultaneously from dozens or possibly hundreds of cells over a period of years or even decades. Other devices in the pipeline include retinal implants for the blind, cortical implants for paralysis, and implants for managing epilepsy. Driven by solid-state imagers, retinal implants stimulate the optic nerve. Human volunteers have identified simple objects using only 4 4-site arrays. Larger arrays are in development. Implants that record signals from the motor cortex could provide a front end for functional neuromuscular stimulation, offering hope to the paralyzed. Someday, electrode arrays could detect developing seizures and suppress them even before the patient senses them. All these wireless, implantable micro-systems could come in the next decade. [8] In the neuron-to-chip experiment, the current generated by the neuron has to flow through the thin electrolyte layer between cell and chip. This layer's resistance creates a voltage, which a transistor inside the chip can pick up as a gate voltage that will modify the transistor current. In the
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reverse signal transfer, a capacitative current pulse is transmitted from the semiconductor through to the cell membrane, where it decays quickly, but activates voltagegated ion channels that create an action potential. [5] Direct interfaces between small networks of nerve cells and synthetic devices promise to advance our understanding of neuronal function and may yield a new generation of hybrid devices that exploit the computational capacities of biological neural networks. There are several research teams in the U.S. and Europe that are currently working on so-called neural-silicon hybrid chips. One of the most celebrated researchers in the field is Ted Berger at the Center for Neural Engineering at University of Southern California in Los Angeles. Berger is also a key player in the newly established National Science Foundation Engineering Research Center devoted to biomimetic microelectronics. Berger has set his sights on building artificial neural cells, initially to act as a cortical prosthesis for individuals who have lost brain cells to neurological diseases such as Alzheimer’s. But eventually, his lab’s efforts may usher in a new era in biologically inspired computing and information processing. [3]



2. HOW DOES BRAIN/NUERAL IMPLANTS WORK? Neural signals usually run from tens to hundreds of micro-volts in amplitude, with frequencies extending to about 10 kHz. There is no way of knowing in advance where to position electrode sites near neurons of interest. Probes with on-chip electronics interface with sites through selectors that let the user choose a subset of sites to monitor or stimulate. Concentrations of eight or so are common. This compensates for any probe movement in tissue over time. Selected channels are fed to amplifiers that are usually coupled. They boost signal levels by 60 dB, operate from 60 to 80 µm in 


The BrainGate Neural Interface creates a direct link between a person's brain and a computer, translating neural activity into action. A person without use of his limbs but fitted with a BrainGate, can now play a videogame or change channels on TV using only his mind. This is how they did it: 1. The chip: A 4-millimeter square silicon chip studded with 100 hair-thin microelectrodes is embedded in a person’s primary motor cortex - the region of the brain responsible for controlling movement. 2. The connector: When the person thinks "move cursor up and left" (toward email icon), his cortical neurons fire in a distinctive pattern; the signal is transmitted through the pedestal plug attached to his skull. 3. The converter: The signal travels to a shoebox-sized amplifier mounted on the wheelchair, where it's converted to optical data and bounced by fiber-optic cable to a computer. 4. The computer: BrainGate learns to associate patterns of brain activity with particular imagined movements - up, down, left, right - and to connect those movements to a cursor. [9] Electrical signals are responsible for communication in both the brain and computers. Current research is hoping to use this similarity to get nerve cells and silicon chips interacting directly. Two-way transmission –as shown in Figure 1- of electrical signals between chips and neurons can already be achieved on a small scale without invasive connections or damage to either transmitter Combining technology and biology could lead to devices to restore vision, hearing and limb control and equipment for many applications in the computer industry. [5]



Figure 1



The Max Planck Institute in Germany is a center of research working on neural-silicon hybrids. Recently, RA Kaul and P. Fromhertz from the Institute and NI Syed from the University of Calgary reported in Physical Review Letters on direct interfacing between a silicon chip and a
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biological excitatory synapse. The team constructed a silicon-neuron hybrid circuit by culturing a presynaptic nerve cell atop a capacitor and transistor gate and a postsynaptic nerve cell atop a second transistor gate. They applied a voltage to the capacitor, which excited the presynaptic neuron, and this activity was recorded with the first transistor. When the presynaptic neuron fired, it generated excitation of the postsynaptic neuron, presumably via an excitatory synapses, and the activity in the postsynaptic neuron was recorded with the second transistor. Further, short trains of activity in the presynaptic neuron appeared to increase the strength of the excitatory synapse between the cells, creating a memory trace within the circuit. [3]



3. APPLICATIONS OF BRAIN IMPLANTS: 3.1 CONTROLLING MOVEMENT THROUGH THOUGHT ALONE Systems that allow a brain to control a computer are inching ever closer to reality, but their most important applications may be different from those envisaged by science fiction. [13] Information processing in the brain involves the coordinated activity of large networks of neurons. Over the past 15 years we have developed and utilized technologies for extracting this information from neuronal populations in behaving animals. This involves chronically implanting multi-electrode arrays in functionally connected areas of the motor and somatosensory systems of the brain. Multiprocessor computer systems are used to simultaneously discriminate and record the spiking activity of large numbers of single neurons within those systems. Mathematical techniques are used to decode the information processed by these neuronal populations while the animals perform specific behavioral tasks involving somatosensory perception and/or trained limb movement. It was recently shown that electronic decoding of neuronal population activity could be used to extract and utilize "comm" for forelimb movement from the motor cortex of rats. The rats were initially trained to use their forelimbs to press down a lever to a certain position. The lever movement controlled movement of a robot arm to obtain a drop of water from a dropper. When the rat released the lever the robot arm delivered the water to the rat's mouth. Next we suddenly switched the control of the robot arm away from this leverpress, and replaced it with the electronic signal carrying decoded movement commands from the motor cortex. Four of the six rats were able to use this motor command signal to control the robot arm with sufficient accuracy to reliably and repeatedly retrieve water drops. After a few days of this training, the animals were increasingly able to move the robot arm and retrieve water without the concomitant lever pressing. This suggests that motor cortical control of limb



movement is modifiable. Thus, paraplegic patients might be able to use their motor cortex activity to directly control a robot arm, or their own arm using functional stimulation of the paralyzed muscles. [4] Monkeys can control a robot arm as naturally as their own limbs using only brain signals, a pioneering experiment has shown. The macaque monkeys could reach and grasp with the same precision as their own hand."It's just as if they have a representation of a third arm," says project leader Miguel Nicolelis, at Duke University in Durham, North Carolina. Experts believe the experiment's success bodes well for future devices for humans that are controlled solely by thought. One such type of device is a neurally-controlled prosthetic - a brain-controlled false limb. Nicolelis says his team's work is important because it has shown that prosthetics can only deliver precision movements if multiple parts of the brain are monitored and visual feedback is provided. Gerald Loeb, a biomedical engineer at the University of Southern California in Los Angeles, says the new experiment already has some parallels in everyday life. For example, he says, when you drive a car it becomes an extension of your body. The core of the new work is the neuronal model created by the researchers. This translates the brain signals from the monkey into movements of the robot arm. It was developed by monitoring normal brain and muscle activity as the monkey moved its own arms. The task involved using a joystick to move a cursor on a computer screen. While the monkey was doing this, readings were taken from a few hundred neurons in the frontal and parietal regions of the brain. The activation of the biceps and wrist muscles was monitored, as was the velocity of the arms and the force of the grip. Once the neuronal model had developed an accurate level of prediction the researchers switched the control of the cursor from the joystick to the robotic arm, which in turn was controlled by the monkey's brain signals. At first the monkeys continued moving their own arms whilst carrying out the task, but in time they learned this was no longer necessary and stopped doing so. [6] A big brown cockroach crawls across the table in the laboratory of Japan's most prestigious university. The researcher eyes it nervously, but he doesn't go for the bug spray. He grabs the remote. This is no ordinary under-therefrigerator type bug. This roach has been surgically implanted with a micro-robotic backpack that allows researchers to control its movements. This is Robo-roach. "Insects can do many things that people can't, " said Assistant Professor Isao Shimoyama, head of the bio-robot research team at Tokyo University. "The potential applications of this work for mankind could be immense." Within a few years, Shimoyama says, electronically controlled insects carrying mini-cameras or other sensory devices could be used for a variety of sensitive missions like crawling through earthquake rubble to search for victims, or slipping under doors on espionage surveillance. Far-fetched as that might seem, the Japanese government has deemed the research credible enough to award $5 million to Shimoyama's micro-robotics team and biologists
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at Tsukuba University, a leading science center in central Japan. Money from the five-year grant started coming in this month, and young researchers are lining up for a slot on Shimoyama's team. The team breeds its own supply of several hundred cockroaches in plastic bins. Not just any roach will do. Researchers use only the american cockroach (Perplaneta americana) because it is bigger and hardier than most other species. From that supply, they select roaches to equip with high-tech "backpacks" - tiny microprocessor and electrode sets. Before surgery, researchers gas the roach with carbon dioxide. Wings and antennae are removed. Where the antennae used to be researchers fit pulse-emitting electrodes. With a remote, researchers send signals to the backpacks, which stimulate the electrodes. The pulsing electrodes make the roach turn left, turn right, scamper forward or spring backward. [13] University of Reading scientists have developed a robot controlled by a biological brain formed from cultured neurons. And this is a world’s premiere. Other research teams have tried to control robots with ‘brains,’ but there was always a computer in the loop. This new project is the first one to examine ‘how memories manifest themselves in the brain, and how a brain stores specific pieces of data.’ As life expectancy is increasing in most countries, this new research could provide insights into how the brain works and help aging people. In fact, the main goal of this project is to understand better the development of diseases and disorders which affect the brain such as Alzheimer or Parkinson diseases. It’s interesting to note that this project is being led by Professor Kevin Warwick, who became famous in 1998 when a silicon chip was implanted in his arm to allow a computer to monitor him in order to assess the latest technology for use with the disabled. These robots are developed at the Cybernetic Intelligence Research Group, part of the School of Systems Engineering at the University of Reading. The team has been led by Kevin Warwick, Professor of Cybernetics (please also check his personal home page. He worked with two lecturers in his group, Dr Victor Becerra and Dr Slawomir Nasuto, as well as with Dr Ben Whalley, another lecturer in the School of Pharmacy. [13] The robot’s biological brain is made up of cultured neurons which are placed onto a multi electrode array (MEA). The MEA is a dish with approximately 60 electrodes which pick up the electrical signals generated by the cells. This is then used to drive the movement of the robot. Every time the robot nears an object, signals are directed to stimulate the brain by means of the electrodes. In response, the brain’s output is used to drive the wheels of the robot, left and right, so that it moves around in an attempt to avoid hitting objects. The robot has no additional control from a human or a computer, its sole means of control is from its own brain. [13]



3.2 HEALTHCARE INDUSTRY APPLICATIONS



The development of electronic brain implants, called neuroprostheses, that can translate the intention to move into the actual movement of a robotic device, or of a cursor on a computer screen. The hope is to give paralyzed patients greater ability to interact with their environments and perhaps, ultimately, to bypass damaged spinal cords and restore movement to lifeless limbs. [11] The concept of using thought to move a robotic device, a wheelchair, a prosthetic, or a computer was once strictly the stuff of science fiction, but no longer. BrainGate™ collects and analyzes the brainwaves of individuals with pronounced physical disabilities, turning thoughts into actions. The potential to better communicate, interact, and improve people’s way of life is about to explode. Years of advanced research by world-renowned experts at prestigious universities—including Brown, Harvard, Emory, MIT, Columbia, and the University of Utah—has resulted in the development of BrainGate™, a life-changing technology and device that gives renewed hope to paraplegics, quadriplegics and others suffering from spinal cord injuries and strokes. Eventually, it has the potential to revolutionize the way all of our brains work. BrainGate has been featured on broadcasts such as 60 Minutes and in publications including Popular Mechanics, Nature and Wired. [2] A pacemaker-like device that uses high-frequency electrical currents to block brain signals to the stomach and pancreas through the vagus nerves helps patients lose excess weight, without the aid of dietary or other lifestyle interventions and with no significant adverse effects on heart rate or blood pressure, according to results of a new open-label study.Patients who had the device implanted for 6 months lost an average of almost 15% of their excess body weight, while about one-quarter lost about 25%. Three patients lost more than 30% of their excess weight. The new therapy, called intra-abdominal vagal blocking (VBLOC), has several advantages over existing weight-loss strategies, said Michael Camilleri, MD, professor of medicine and physiology at the Mayo Clinic in Rochester, Minnesota, and co–lead author of the study. "First, it's minimally invasive and in fact can be done entirely with the laparoscope or keyhole surgery; second, it doesn't produce any change to the anatomy or the routing of the food through the upper digestive organs; and third, it is completely reversible." The study, which appears in the June issue of Surgery, is the first of its kind in humans. The device works much like a pacemaker, which sends electrical signals to the heart to ensure optimal rhythms. "The principle here is quite similar," said Dr. Camilleri. "In some respects, it's like sending a scrambling message into the vagus nerves to stop them from doing what they would normally do after we eat." Blocking the vagus nerve achieves 3 major goals, Dr. Camilleri explained to Medscape Neurology & Neurosurgery. "The first is to stop the contractions of the stomach and therefore prevent the efficient and rapid breakdown of food; second, by blocking those contractions, we also slow down the emptying of food from the stomach, and third, we block the production of enzymes that are
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necessary to digest the food." Researchers followed the subjects weekly for 4 weeks, every 2 weeks until 12 weeks, and then monthly, assessing body weight; physical parameters, including electrocardiograms (ECG); and adverse events. [1] Matthew Nagle played the video game Tetris yesterday simply by thinking, controlling the on-screen action through a tiny chip implanted in his brain, as his paraplegic body sat limp. The 24-year-old former Weymouth High School football star, his spinal cord shredded during a knife attack three years ago, is a one-man experiment that may one day help to bring movement and a small dose of freedom to thousands of patients trapped by full-body paralysis. Researchers released promising data yesterday on the BrainGate device implanted in Nagle's head, finding that their sole test subject was able to control an on-screen cursor using brain waves in seven of eight test sessions. But much has happened since scientists recorded that feat: Nagle has drawn computer art, opened e-mail and played Pong as well as Tetris, he said in an interview yesterday. Next up, Super Mario Brothers. Researchers at Foxborough-based Cyberkinetics hope that, one day, they will be able to connect BrainGate to patients' arms and legs, permitting movement. "I don't care if I have to use a cane. I'm going to walk. I'm going to do this," said Nagle, speaking softly between gasps and gulps as a ventilator pumped oxygen into his lungs. "I know God has a plan for me." This is a faroff future: Researchers must still test BrainGate on dozens more patients and then reconfigure it to control limbmoving devices, a complex endeavor that could take years. Nonetheless, the experiment on Nagle, publicized at a research conference in Phoenix yesterday, offers a wondrous example of progress in helping paralyzed patients. It is the first time a product made by a privately owned firm has produced such a result. Nagle's journey to this frontier of science began in a moment of tragic chaos on July 4, 2001, at Wessagussett Beach in Weymouth. Nagle recalls a brawl breaking out, his friend under attack, fists flying, someone screaming about a knife. Then everything went black. He had been stabbed in the neck. The tip of the curved, 8-inch knife remains lodged in Nagle's spine. Nicholas Cirignano, 23, was arrested and charged with assault with intent to murder and assault with a deadly weapon. Nagle plans to be there. His anger fuels his quest to walk: "I'm not going to let (someone) with a knife do this to me." Though Nagle is feeble and under constant care at his home, a room at New England Sinai Hospital and Rehabilitation Center in Stoughton, he retains the gruff manner of his football days, his words pointed and occasionally profane. Nagle says he can scarcely describe the experiment in which he is taking part. "It's unbelievable," he said. BrainGate was invented by Dr. John Donoghue, a Brown University professor who is also chief scientific officer at Cyberkinetics. In 2002, Donoghue's lab published a paper in Nature, a scientific journal, demonstrating that unique chips he designed, when implanted in monkeys' brains, allowed the primates to move an on-screen cursor. A device just like the ones put in monkeys is now in Nagle's brain, and Cyberkinetics is



seeking four more patients to gather enough data to persuade the Food and Drug Administration to approve BrainGate for wider testing. The company estimates that it will have to carry out tests on up to 60 patients before winning approval. A hole was drilled in Nagle's head and the aspirin-sized BrainGate chip was put into his primary motor cortex, the part of the brain that controls movement. A hundred ultra-thin electrodes attached to the chip pierced his brain, able to detect the electrical signals generated by thoughts and then relay them through wires into a computer. [10] After a three-week recovery, Nagle was shown a cursor moving on screen and told to think about the direction it moved. The computer attached to the chip recorded the impulses he had when thinking about the cursor moving left, right, up and down. Each direction was associated with a characteristic pattern of signals from his brain. Then the computer was programmed to recognize each pattern and move the cursor accordingly. He thought up; it moved up. "We're essentially providing a way of connecting his brain to the outside world," said Tim Surgenor, chief executive officer of Cyberkinetics. The data released yesterday show that Nagle had control in seven of eight tests, moving a cursor to a designated spot, represented during the tests as a bag of money. He also navigated the cursor around obstacles -- bank robbers -- on his way to the money. Nagle was also able to turn off and on a television and control its volume using his thoughts. What came after, unreported as yet by the scientists, involved more elaborate control on Nagle's part. He was able to manipulate an imaginary paddle up and down in the Pong video game. Just two days ago, he first played with the fast stream of falling puzzle pieces in Tetris. A series of surgeries restored his ability to speak, and he is hoping that another set of procedures will allow him to breathe on his own. Nagle said that participation in the BrainGate experiment will one day help those like him and that his current predicament will remind others of their good fortune to be healthy. "God uses some people's body to show what life can be like," he said. [10]



4. CONCLUSION Brain implants, often referred to as neural implants, are technological devices that connect directly to a biological subject's brain - usually placed on the surface of the brain, or attached to the brain's cortex. . Some brain implants involve creating interfaces between neural systems and computer chips, which are part of a wider research field called braincomputer interfaces. A typical neural implant consists of an array of electrodes that works with the nervous system, either by recording neuronal activity (recording) or by electrically stimulating them. Electrodes connect the electrochemical functions within the tissue and the electronic system. A circuit chip with site selection, amplifiers, and multiplexers works with some form of signal processing/embedded computing. Finally, a wireless link
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usually handles bidirectional data and power input.Implanting neural implants in the brain itself generally requires electrode sites every 200 µm or so for recording, and perhaps every 400 µm for stimulation. The BrainGate Neural Interface creates a direct link between a person's brain and a computer, translating neural activity into action. A peroson without use of his limbs but fitted with a BrainGate, can now play a videogame or change channels on TV using only his mind. The components of the neural interface are: 1. The chip: A 4millimeter square silicon chip studded with 100 hair-thin microelectrodes is embedded in Nagle's primary motor cortex - the region of the brain responsible for controlling movement, 2. The connector: When Nagle thinks "move cursor up and left" (toward email icon), his cortical neurons fire in a distinctive pattern; the signal is transmitted through the pedestal plug attached to his skull, 3. The converter: The signal travels to a shoebox-sized amplifier mounted on Nagle's wheelchair, where it's converted to optical data and bounced by fiber-optic cable to a computer, and



4.Thecomputer: BrainGate learns to associate patterns of brain activity with particular imagined movements - up, down, left, right - and to connect those movements to a cursor. Applications of chip brain implant include controlling movements through thought alone. Systems that allow a brain to control a computer are inching ever closer to reality, but their most important applications may be different from those envisaged by science fiction. Monkeys can control a robot arm as naturally as their own limbs using only brain signals, a pioneering experiment has shown. University of Reading scientists have developed a robot controlled by a biological brain formed from cultured neurons. Other application of brain implants are already in use in the healthcare industry. The hope is to give paralyzed patients greater ability to interact with their environments and perhaps, ultimately, to bypass damaged spinal cords and restore movement to lifeless limbs.
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