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ABSTRACT 

In the years ahead we will witness machines with intelligence more powerful than that  

of humans. This will mean that robots, not humans, make all the important decisions. It will be a robot dominated world with dire consequences for humankind. The question is –Is there an alternative way ahead?     

Humans have limited capabilities. Humans sense the world in a restricted way, vision being the best of the senses. Humans understand the world in only 3 dimensions and communicate in a very slow, serial fashion called speech. But can this be improved on? Can we use technology to upgrade humans? 

The possibility exists to enhance human capabilities. To harness the ever increasing abilities of machine intelligence, to enable extra sensory input and to communicate in a much richer way, using thought alone. This possibility is made possible in the form of Cyborgs. A Cyborg is a Cybernetic Organism, part human part machine; it thrives on the inputs both from the living senses and from the machine interface, which acts as an enhancement module.

In this seminar, we intend to throw some light on, how exactly the cyborgdom is achieved and what are the future aspects and prospects? Are we witnessing a true revolution in human futuristics or is it going to be just a flight of fantasy? That the future will tell. But for now let us understand what Cyborgs are all about?


1. THE CYBORG ANCESTRY
The world's first cyborg was a white lab rat, part of an experimental program at New York's Rockland State Hospital in the late 1950s. The rat had implanted in its body a tiny osmotic pump that injected precisely controlled doses of chemicals, altering several of its physiological parameters. It was part animal, part machine.

The Rockland rat is one of the stars of a paper called "Cyborgs and Space," written by Manfred Clynes and Nathan Kline in 1960. This engineer/psychiatrist double act invented the term cyborg (short for "cybernetic organism") to describe the vision of an "augmented man," 

From the start, the cyborg was more than just another technical project; it was a kind of scientific and military daydream. The possibility of escaping its annoying bodily limitations led a generation that grew up on Superman and Captain America to throw the full weight of its grown-up R&D budget into achieving a real-life superpower. By the mid-1960s, cyborgs were big business, with millions of US Air Force dollars finding their way into projects to build exoskeletons, master-slave robot arms, biofeedback devices, and expert systems. 

It wasn't only the military that was captivated by the possibilities of the cyborg. Now there was the possibility of making better humans by augmenting them with artificial devices. Insulin drips had been used to regulate the metabolisms of diabetics since the 1920s. A heart-lung machine was used to control the blood circulation of an 18-year-old girl during an operation in 1953. A 43-year-old man received the first heart pacemaker implant in 1958.

In fact robots, automata, and artificial people have been part of the Western imagination since at least as far back as the Enlightenment. Legendary automaton builder Wolfgang von Kempelen built a chess-playing tin Turk and became the toast of Napoleonic Europe. Mary Shelley's Frankenstein built a monster out of body parts and activated it with electricity. Even the Indian national epic, the Mahabharata, composed about 300 BC, features a lion automaton. 

One thing makes today's cyborg fundamentally different from its mechanical ancestors - Information. Cyborgs, Donna Haraway explains, "are information machines. They're embedded with circular causal systems, autonomous control mechanisms, information processing - automatons with built-in autonomy."

2. THE CONCEPT: INFORMATION FEEDBACK

In 1948, Norbert Wiener wrote Cybernetics, or Control and Communication in the Animal and Machine. The book was nothing if not ambitious. Wiener, an MIT mathematician, saw amazing similarities between vast groups of different phenomena. Catching a ball, guiding a missile, running a company, pumping blood around a body - all seemed to him to depend on the transmission of "information," a concept floated by Bell Laboratories' Claude Shannon in his founding work on information theory. More specifically, these processes seemed to depend on what the engineers had begun to call "feedback."

Wiener took the name cybernetics from the Greek kubernetes, meaning "steersman," and the image of a classical helmsman, hand on the rudder of a sailing ship, perfectly captures the essence of his idea. Palinurus, approaching the rocks, gets visual information about the ship's position and adjusts course accordingly. This isn't a single event but a constant flow of information. Palinurus is part of a feedback loop, his brain getting input from the environment about wind speed, weather, and current, then sending signals to his arms to nudge the ship out of danger. Wiener saw that the same model could be applied to any problem that involved trying to manage a complex system and proposed that scientists use the same framework for everything.

Wiener's followers saw cybernetics as a science that would explain the world as a set of feedback systems, allowing rational control of bodies, machines, factories, communities, and just about anything else. Cybernetics promised to reduce "messy" problems such as economics, politics, and perhaps even morality to the status of simple engineering tasks: stuff you could solve with pencil and paper, or, at worst, one of MIT's supercomputers.

For initials, we can treat the body as just a meat computer running a collection of information systems that adjusts themselves in response to each other and their environment. So if you wanted to make a better body, all you had to do was improve the feedback mechanisms, or plug in another system - an artificial heart, an all-seeing bionic eye. It's no accident that this strangely abstract picture of the body as a collection of networks sounds rather like that other network of networks, the Internet; both came out of the same hothouse of Cold War military research.

Cybernetics has two important cultural residues. The first is its picture of the world as a collection of networks. The second is its intuition that there's not as much blue water between people and machines as some would like to believe. These still-controversial concepts are at the bionic heart of the cyborg, which is alive and well, and constructing itself in a laboratory near you.

3. ANALOGY WITH THE HUMAN NERVOUS SYSTEM

In order to observe and correlate, the Information Feedback concept with the actual way in which our neural communications take place, we should take a glimpse into the way the Human Nervous System is arranged. 

3.1) How is the human nervous system organized?
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The human nervous system contains: 

· A Central Nervous System (CNS) - where information is processed. Our central nervous system consists of the brain and the spinal cord. 

· A Peripheral Nervous System (PNS) - a highway which allows signals to travel between the CNS and the body's receptors and effectors. 

For now, we do not have to bother ourselves with the way in which the CNS operates. What we should know is that, it acts as a Central Processing Unit (CPU), and so processes all the inputs it receives from the PNS, which are known as stimuli and translates them into the Outgoing signals for the PNS, also known as response. Thus, for every Stimulus there is a corresponding Response.

Now, as far as the way these neural signals, originating from the brain are transmitted to and from the muscles and the peripheral organs, the PNS provides the medium. The nerves of the peripheral nervous system behave like major road systems, carrying traffic in and out of the Central Nervous System. Afferent or Sensory nerves carry information from sensory receptors into the CNS and Efferent, or Motor nerves carry information from the CNS out to effector organs. The efferent system has two more sub-divisions - the somatic and autonomic systems. These differ in their functions rather than their structure or position in the body.

The Nerve Conduction is in the form of Nerve Impulses which are Spikes of electromagnetic potential initiating from about -80mV then sharply rising to +60mV and then declining to +20mV. These Nerve Impulses travel along the Nerve Fiber and thus reach their destination electrically.

Since the Nerve Conduction is in the form of Electrical Signals, this opens up a possibility of intercepting, interpreting and processing them with the help of Machine Interfaces. As the Machines can process all kind of electrical signals, so we can have a Microchip Implant intercepting the Neural Impulses at the nerve endings, transmitting them to a Database, correlating them to existing data and modulating it to a desired effect.

4. THE CYBORG ROBO-EEL AND CRITTERS ON CHIPS

On May 8th 2001, in Chicago, researchers fused the brain of a primitive lamprey eel with a robot the size of a hockey puck, creating a living machine that tracked a beam of light in a laboratory ring, like a miniature bull chasing a matador's red cape.
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Part biological and part mechanical, the crude cyborg is equipped with the brain stem of an eel, which, kept alive in a saline solution, receives input from electronic light sensors and directs the robotic wheels to move toward the source of the beam. 

Changing the location and intensity of the light, the scientists noticed that the eel brain could adapt to changing conditions in its effort to locate the source. 



           The ROBO-EEL

Prosthetic limbs, glowing bacteria

The Northwestern University researchers hope to unlock the mysteries of the animal's nervous system. 

"We are focused on the use of this instrument as a tool to understand the processing of information by a group of brain cells," said Ferdinando Mussa-Ivaldi, one of the primary researchers. "In particular, we are interested in the biological mechanisms by which nerve cells 'program' themselves." 
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	Induced to glow on an integrated circuit, these bacteria cells generated all the light necessary for this long-exposure photograph 
	 



	


The scientists are focusing on a structure located between the spinal cord and higher brain centers that is believed to integrate information from different origins, such as tactile or visual, to shape the commands that control muscle movement, Mussa-Ivaldi said. The research eventually could help doctors fashion sophisticated artificial limbs for those suffering from nerve damage, he said. 

The cyborg eel is only one member of a menagerie of animal/machine hybrids that relies on sophisticated microelectronics. In other projects in the United States, monkey brains have been wired to control robotic appendages, moth antennae have been used to sniff out explosives, and bacteria have been engineered to glow in the presence of environmental toxins. 

In the last experiment, microbiologists cemented genetically modified bacteria to microchips, creating an innovative way to clean up dangerous chemicals. 

The hybrid includes genetic material from a luminescent aquatic microorganism and other bacteria that breaks down pollutants into simpler, safer compounds. Affixed to microcircuits with latex and other polymers, the so-called "critters on a chip" eat harmful toxins, emit a blue-green light, and then can transmit a signal to a receiver linked to a remote computer, said researchers at the Oak Ridge National Laboratory in Oak Ridge, Tennessee. 

The living sensors could someday be used to monitor industrial pollutants in the water and soil and even help diagnose medical conditions in humans, said the project's principal investigator.
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5. THE PROJECT CYBORG 1.0
What happens when a man is merged with a computer?

This is the question that Professor Kevin Warwick and his team at the department of Cybernetics, University of Reading intend to answer with 'Project Cyborg'. 

On Monday 24th August 1998, at 4:00pm, Professor Kevin Warwick underwent an operation to surgically implant a silicon chip transponder in his forearm. Dr. George Boulous carried out the operation at Tilehurst Surgery, using local anesthetic only.

This experiment allowed a computer to monitor Kevin Warwick as he moved through halls and offices of the Department of Cybernetics at the University of Reading, using a unique identifying signal emitted by the implanted chip. He could operate doors, lights, heaters and other computers without lifting a finger.

The transponder that was implanted in the forearm of Professor Kevin Warwick consists of a glass capsule containing an electromagnetic coil and a number of silicon chips. It is approximately 23mm long and 3mm in diameter. 
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When a radio frequency signal is transmitted to the transponder, the coil generates an electric current (an effect discovered by Michael Faraday many years ago). This electric current is used to drive the silicon chip circuitry, which transmits a unique, 64-bit signal. A receiver picking up this signal can be connected in an Intelligent Building network. 

By means of a computer, it is able to recognize the unique code and, in the case of an implant, the individual human in question. On picking up the unique, identifying signal, a com   operate    

devices, such as doors, lights, heaters or even other computers. Which devices are operated and which are not depends on the requirements for the individual transmitting the signal. 

The implant was tested successfully for nine days before being removed.

6. PROJECT CYBORG 2.0

The next step towards true Cyborgs?

On the 14th of March 2002, a one hundred electrode array was surgically implanted into the median nerve fibres of the left arm of Professor Kevin Warwick. The operation was carried out at Radcliffe Infirmary, Oxford, by a medical team headed by the neurosurgeons Amjad Shad and Peter teddy. The procedure, which took a little over two hours, involved inserting a guiding tube into a two inch incision made above the wrist, inserting the microelectrode array into this tube and firing it into the median nerve fibres below the elbow joint. The purpose of this experiment was to link the nervous system in the left arm, to a radio transmitter receiver; to send signals from nervous system to a computer and vice versa.

The main part of the silicon chip consisted of a battery, radio transmitter/ receiver and processing unit. Pins connected to the chip pierced the membrane surrounding Warwick's nerve fibers. 
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The interface to Professor Warwick’s nervous system was a micro electrode array consisting of 100 individual electrodes implanted in the median nerve of the left arm. A 25-channel neural signal amplifier amplifies the signals from each electrode by a factor of 5000 and filters signals with corner frequencies of 250Hz and 7.5 KHz. The amplified and filtered electrode signals are then delivered to the neural signal processor where they are digitized at 30,000 samples/second/electrode and scanned online for neural spike events. This means that only 25 of the total 100 channels can be viewed at any one time.

Neural spike events are detected by comparing the instantaneous electrode signal to level thresholds set for each data channel. When a supra-threshold event occurs, the signal window surrounding the event is time stamped and stored for later, offline analysis. The neural stimulator allows for any of the 25 monitored channels to be electrically stimulated with a chosen repetition frequency at any one time.

Once the chip was activated, scientists experimented with signals associated with motion and pain. When Warwick moved a body part, the signal was sent to the computer. The computer recorded and successfully replicated the movement by sending a signal back to Warwick.

A number of experiments have been carried out using the signals detected by the array; most notably Professor Warwick was able to control an electric wheelchair and an intelligent artificial hand, using this neural interface. In addition to being able to measure the nerve signals transmitted down Professor Warwick’s left arm, the implant was also able to create artificial sensation by stimulating individual electrodes within the array. This was demonstrated with the aid of Kevin’s wife Irena and a second, less complex implant connecting to her nervous system. 

The implant in Kevin’s wife Irena would record all the Brain Impulses it receives and then transmit it to the electrode array within Kevin. The Electrode Array would then recreate the same nerve signal and feed it to the Sensory Nerve endings. These would then be translated by the brain into the corresponding emotion. So there we have a way to transmit joy, pain, and in fact all the feelings from one individual to another.

The implant would also record the signals that the brain transmits for Motor Movements of the muscles. These signals could then be recreated using the Electrode Array, and so we could remotely actuate muscular motion in an individual.
7. WHAT’S NEXT???

After all the nerve wrecking experience with, this supra-fascinating world of cybernetics, the most logical query that strikes the mind is what is the future? With all the developments in the field of Robotics and Human Technology integration, some exciting facets to look out for are-

· Thought Communication: - At present our method of communication, Speech, is very slow, serial and error prone. The potential to communicate by means of thought signals alone is a very exciting one. We will probably have to learn how to communicate well in this way though, in particular how to send ideas to one another. It is not clear if I think about an ice cream, will my thoughts be roughly the same as yours? - we will have to learn about each other's thoughts. Maybe it will be easier than we think, maybe not. Certainly speech is an old fashioned, out dated means of communication - it's on its way out. 

· Remote Medical Operations: - The technology enabling doctors to perform surgeries while being remotely situated from the actual place where the patient lies is old enough. This is just an extension of it. Initially there used to be a robotic hand having sensors that used to sense the physiological symptoms of the patient and then transmit them to the remote doctor, the doctor used to have his hands in special gloves, which were equipped with devices that created the same sensations for the doctor to feel. The doctor may then manipulate his hands in order to proceed for the surgery and the robotic arm would copy the movements. All the time visual data could be uplinked through networks. Now as machines have a fixed margin of error, it is hard to recreate the same textures and operations. Now with we being able to recreate the same feelings on two separate individuals. It is much easier to have one doctor with an Implant take the feel of the patient; this particular feel is fed to the remote specialist, who then performs the operations (muscle movements) to be replicated by the local doctor.

· Always ON Humans: - The implants will allow, a human being to be in constant access to all the information he/she requires. That too without any added instruments. All the information he seeks shall be communicated directly to his brain. Thus eliminating the need for the display units, speakers etc. Also the data input from him could be done just by thought. It will be a thought intensive world, and then the world won’t be at your fingertips, rather on the tip of your neurons.

· Superman: - Imagine having infinite memory, and being able to recall it at your wish. This is possible with the implants; all the experiences of an individual, even those which he has not experienced himself may be stored in computer memories. Whenever he requires them they can be sorted and replayed to him, through the implant. And then there will be the added processing ability, you could perform a zillion operations on your own, so what if all the Computers at the NASA assist you in your quest. The results would come from your brain.

· Security: - With implants in place, it would be possible to identify every individual, with foolproof security. There won’t be any need for the SMART cards, credit cards and all other ID’s that one has to carry. Cars would start only if authorized personnel approached it, in case some other individual tried to get away with it, the car would be able to identify the culprit, and send his ID to the nearest Police Station or Personnel. Bank Accounts would be handled in the same manner, no need for signatures; your presence would do whatever it takes.

· Medicine: - Contribution to movement in limbs for those with a break in the nervous system or MS. Potential alternate sense (ultrasonic) for blind people giving them a sense of distance. Possible electronic medicine - electronic signals to remove headache, as a tranquillizer, to bring about pleasure etc. Possible pain equalizer - direct immediate painkiller. As all the feelings associated with pain and sickness, arise from the brain and are electric in nature, they can be superimposed with artificial signals opposite in phase, so that sum is zero. Thus pain and aches could be neutralized without drugs. 

· And More… : - There are plenty of other applications that cannot be covered in a particular heading. We can have audio files playing directly into our brain, eliminating the need of Players. Movies can be screened directly into the optical nerves. Move aside SMS, we can have TMS, standing for Thought Message Service. Want to drive your car, just think of the way it has to navigate and zip through. Need to order items for that Party, just wish and Cybernetics will make them its command. Want to know, what is the nature of Philosophy of Objectivism, your implant will connect to the Internet and download all it has to your mind, who cares for Ayn Rand then. f of Objectivismip through. Need to order items for that Party, just wish and Cybernetics will make them its comand.All so hassle free, without any wiry mess or bulk of instruments. With the Implant even Sky won’t be the Limit.

· Challenges Ahead: - 
· But with so many pros there are bound to be some cons, and yes there are a few problems that bug us.

· Noise and Distortion: - The basic trouble is that the signals on the nervous system are very low in magnitude and so are easily affected by stray signals. Keeping the noise out of the system is a very big challenge.
· Misinterpretation: - The nerve signals of one individual could be interpreted in a different way by other individual’s brain, as the way of he correlates information may differ.

8. CONCLUSION

The '90s cyborg is both a more sophisticated creature than its '50s ancestor - and a more domestic one. Artificial hip joints, cochlear implants for the deaf, retinal implants for the blind, and all kinds of cosmetic surgery are part of the medical repertoire. Online information retrieval systems are used as prosthetics for limited human memories. In the closed world of advanced warfare, cyborg assemblages of humans and machines are used to pilot fighter aircraft - the response times and sensory apparatus of unaided humans are inadequate for the demands of supersonic air combat. These eerie military cyborgs may be harbingers of a new world stranger than any we have yet experienced.

Ethically there is a clash of opinions, the strongest being on the definition of cyborgs itself. While the Donna Haraway camp says that each individual that uses technology in one or other ways is a cyborg, as it has technology in its way of life. At the same time other puritans like Dr. Kevin Warwick, feel that we need to integrate technology in our physiology by the substitution of artificial organs and other body parts. 

Then there is the question about its righteousness, what happens after medical advances allow humans to replace broken biological parts with new mechanical ones? The human race could inadvertently divide along the lines of biological haves and have-nots. Some will artificially augment their bodies as they see fit while others will keep suffering from disease, infirmity and "bad genes". Another thing is that ,we cannot prejudge ethics. When people become aware of what we have done and the result obtained, hopefully they will discuss the issues and ethical conclusions will result, these maybe different, in different countries and cultures.

But conflicts or no conflicts, one thing is for sure and that is Cybernetics does hold a promise of taking Human existence to a very different plane of consciousness. The evolution of super human powers is now just a matter of time, before it becomes as apparent as the sun. Cyborgs have the potential and will deliver, the question not being how, but when? 
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