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Introduction

                                     What comes to mind when I say The Matrix, Terminator, or A Space Odyssey? All of these movies have super-intelligent robots that turn on their human creators.  Many people fear that as robots become more intelligent they will be able to use their strength and power against us. Though robots are far from this, many scientists believe that soon robots will be universal.

                    Robotics is the study of robots. What is a robot? According to robotics researcher Hans Moravec of Carnegie Mellon University’s Robotics Institute, “a robot is a programmable machine that imitates the action or appearance of an intelligent creature.”  In order to be classified as a robot it must be able to react to its surroundings and have physical activity. There are two main types of robots.  A rover, or ROV, allows a human to control its movements.  An autonomous robot can make judgments and act accordingly. This paper will explain the history of robots, how they work, advantages and disadvantages, and examples of current and future robots.

History of Robots
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                                        The Czech playwright Karel Capek created the word robot in the early 1920’s.  It comes from the Czech word robota, which means drudgery or slave-like labor. The word robot was introduced in Capek’s play, Rossum’s Universal Robot’s.  The play first opened in Prague in January 1921 and soon opened in Europe and the United States.  In the play, a scientist invents robots to help humans with simple tasks.  But after the robots were used in wars, they turned on the humans and took over the world.  The picture to the left is the robot that appeared in a variation of Capek’s RUR. I think it is interesting that Capek did not actually believe that his idea of robots would ever exist.  Yet, approximately 40 years later in the late 1950’s early 1960’s, the invention of transistors and integrated circuits made the development of robots possible.  

 In the 1940’s, the scientist/writer Isaac Asimov wrote a set of laws that he used in his fiction stories.  These laws are called “The Three Laws of Robotics” and are known by many researchers today.  
They are: 

“A robot may not injure a human being or, through inaction, allow a human being to come to harm.” 

“A robot must obey the orders given to it by human beings, except where such orders would conflict with the first law.” 

“A robot must protect its own existence, as long as this does not conflict with the first two laws.” 

                                 In 1968, a robot named “Shakey” was created at the John Hopkins Laboratory.  This very large robot could simply find it’s way around a room. Today robots are used for many tasks.  

How do Robots Work?

Robots can move and sense. They require multiple sensors and controls that allow them to move in an unknown environment.  Robots usually have five parts.  They are the controller, arm, drive/actuator, end-effector, and sensor.

Controller  
 The controller is the “computer” of the robot.  It is often referred to as the “brain” of the robot. The controller allows robots to work with other machines, processes, or robots through networking. Right now, most controllers are controlled by a set of instructions written in code called a program. 
Arm
            The arm allows the robot to do its programmed task. Usually, a robot’s arm is like a human arm with a shoulder, elbow, wrist, and fingers.  Most robots have 6 degrees of freedom.  Each joint gives the robot one degree-of-freedom.   Robots can have one arm or many.

Drive/Actuator

                           The drive or actuator is the “engine” of the robot.  An actuator is defined as “a mechanical device that produces motion.”  An example of an actuator is an electric motor.  Robots can have many different kinds of actuators.  A solenoid is an electric motor that produces linear motion.  They are typically used in switches that turn things off and on.  Because robots require small and repeated adjustments in position, stepper motors are often used because they turn in precise, incremental steps.  Another type of motor is the servomotor, which allows a 90-degree turn to either the right or the left.  It is often used in remote control toys.  Robots also use non-electric actuators.  An actuator that uses oil is the hydraulic actuator.  They are often used in place of an electric actuator when the robot is around sparks.  Pneumatic actuators use gas to move.  They are normally used in the part of the robot that picks up objects.  This is because gas can be compressed preventing the robot from crushing what it is picking up.  Robots have air muscles, which are pneumatic.  They contract by thickening when pumped with air.  They are made of soft plastic and rubber.  Nitinol wire is a metal used to activate robotic parts.  It is different from normal metals because it contracts up to 10% in length when heated with an electric current.  This contraction is very strong.  

]
End-Effector

                             The end-effector is connected to the end of the robot’s arm.  Its purpose is to help the robot do its job.   Examples of end-effectors are a gripper, a vacuum pump, tweezers, scalpel, or blowtorch.  Robots can even be programmed to change end-effectors or have different end-effectors on each arm.

Sensor
              A sensor “measures a characteristic of the environment and makes a proportional electric signal.” The sensor then sends information back to the controller. This is how robots get information about their surroundings. Light sensors react by creating or changing an electric signal.  If a robot is only supposed to react to a certain color, a filter is put over the sensor.  Light sensors also allow robots to navigate.  One way this works is with infrared light. The robot sends a beam of infrared light, which will bounce off obstacles and return to a light sensor on the robot.  Feelers are touch sensors with contact switches and bump sensors. They tell a robot when it has made contact with something.  Position sensors allow robots to learn how to do something.  After leading it through the motions, the sensors in the robots joints remember and can repeat the exact movements.  A robot can “sense” many things humans cannot.  They can be programmed to see in the dark, detect radiation, or measure movement to quick for a human to see.

Human-robot interaction





If robots are to work effectively in homes and other non-industrial environments, the way they are instructed to perform their jobs, and especially how they will be told to stop will be of critical importance. The people who interact with them may have little or no training in robotics, and so any interface will need to be extremely intuitive. Science fiction authors also typically assume that robots will eventually be capable of communicating with humans through speech, gestures, and facial expressions, rather than a command-line interface. Although speech would be the most natural way for the human to communicate, it is unnatural for the robot. It will probably be a long time before robots interact as naturally as the fictional C-3PO.

Speech recognition: Interpreting the continuous flow of sounds coming from a human (speech recognition), inreal time, is a difficult task for a computer, mostly because of the great variability of speech.[83] The sameword, spoken by the same person may sound different depending on local acoustics, volume, the previous word, whether or not the speaker has a cold, etc.. It becomes even harder when the speaker has a differentaccent.[84] Nevertheless, great strides have been made in the field since Davis, Biddulph, and Balashek designed the first "voice input system" which recognized "ten digits spoken by a single user with 100% accuracy" in 1952.[85] Currently, the best systems can recognize continuous, natural speech, up to 160 words per minute, with an accuracy of 95%.[86]
Robotic voice: other hurdles exist when allowing the robot to use voice for interacting with humans. For social reasons, synthetic voiceproves suboptimal as a communication medium,[87] making it necessary to develop the emotional component of robotic voice through various techniques.[88] [89]
Gestures: One can imagine, in the future, explaining to a robot chef how to make a pastry, or asking directions from a robot police officer. In both of these cases, making hand gestures would aid the verbal descriptions. In the first case, the robot would be recognizing gestures made by the human, and perhaps repeating them for confirmation. In the second case, the robot police officer would gesture to indicate "down the road, then turn right". It is likely that gestures will make up a part of the interaction between humans and robots.[90] A great many systems have been developed to recognize human hand gestures.[91]
Facial expression: Facial expressions can provide rapid feedback on the progress of a dialog between two humans, and soon it may be able to do the same for humans and robots. Robotic faces have been constructed by Hanson Robotics using their elastic polymer called Frubber, allowing a great amount of facial expressions due to the elasticity of the rubber facial coating and imbedded subsurface motors (servos) to produce the facial expressions.[92] The coating and servos are built on a metal skull. A robot should know how to approach a human, judging by their facial expression and body language. Whether the person is happy, frightened, or crazy-looking affects the type of interaction expected of the robot. Likewise, robots like Kismet and the more recent addition, Nexi[93] can produce a range of facial expressions, allowing it to have meaningful social exchanges with humans.[94]
Artificial emotions: Artificial emotions can also be imbedded and are composed of a sequence of facial expressions and/or gestures. As can be seen from the movie Final Fantasy: The Spirits Within, the programming of these artificial emotions is complex and requires a great amount of human observation. To simplify this programming in the movie, presets were created together with a special software program. This decreased the amount of time needed to make the film. These presets could possibly be transferred for use in real-life robots.

Personality: Many of the robots of science fiction have a personality, something which may or may not be desirable in the commercial robots of the future.[95] Nevertheless, researchers are trying to create robots which appear to have a personality:[96]

 HYPERLINK "http://en.wikipedia.org/wiki/Robotics" \l "cite_note-96" [97] i.e. they use sounds, facial expressions, and body language to try to convey an internal state, which may be joy, sadness, or fear. One commercial example is Pleo, a toy robot dinosaur, which can exhibit several apparent emotions. 
Control








The mechanical structure of a robot must be controlled to perform tasks. The control of a robot involves three distinct phases - perception, processing, and action (robotic paradigms). Sensorsgive information about the environment or the robot itself (e.g. the position of its joints or its end effector). This information is then processed to calculate the appropriate signals to the actuators (motors) which move the mechanical.

The processing phase can range in complexity. At a reactive level, it may translate raw sensor information directly into actuator commands. Sensor fusion may first be used to estimate parameters of interest (e.g. the position of the robot's gripper) from noisy sensor data. An immediate task (such as moving the gripper in a certain direction) is inferred from these estimates. Techniques from control theory convert the task into commands that drive the actuators.

At longer time scales or with more sophisticated tasks, the robot may need to build and reason with a "cognitive" model. Cognitive models try to represent the robot, the world, and how they interact. Pattern recognition and computer vision can be used to track objects. Mappingtechniques can be used to build maps of the world. Finally, motion planning and other artificial intelligence techniques may be used to figure out how to act. For example, a planner may figure out how to achieve a task without hitting obstacles, falling over, etc.
Other methods of locomotion








RQ-4 Global Hawk unmanned aerial vehicle
Flying: A modern passenger airliner is essentially a flying robot, with two humans to manage it. The autopilot can control the plane for each stage of the journey, including takeoff, normal flight, and even landing.[70] Other flying robots are uninhabited, and are known as unmanned aerial vehicles (UAVs). They can be smaller and lighter without a human pilot onboard, and fly into dangerous territory for military surveillance missions. Some can even fire on targets under command. UAVs are also being developed which can fire on targets automatically, without the need for a command from a human. Other flying robots include cruise missiles, theEntomopter, and the Epson micro helicopter robot. Robots such as the Air Penguin, Air Ray, and Air Jelly have lighter-than-air bodies, propelled by paddles, and guided by sonar.









Two robot snakes. Left one has 64 motors (with 2 degrees of freedom per segment), the right one 10.

Snaking: Several snake robots have been successfully developed. Mimicking the way real snakes move, these robots can navigate very confined spaces, meaning they may one day be used to search for people trapped in collapsed buildings. The Japanese ACM-R5 snake robot can even navigate both on land and in water.[

Skating: 
A small number of skating robots have been developed, one of which is a multi-mode walking and skating device. It has four legs, with unpowered wheels, which can either step or roll.[74] Another robot, Plen, can use a miniature skateboard or rollerskates, and skate across a desktop.[75]
Climbing: Several different approaches have been used to develop robots that have the ability to climb vertical surfaces. One approach mimicks the movements of a human climber on a wall with protrusions; adjusting the center of mass and moving each limb in turn to gain leverage. An example of this is Capuchin,[76] built by Stanford University, California. Another approach uses the specialised toe pad method of wall-climbing geckoes, which can run on smooth surfaces such as vertical glass. Examples of this approach include Wallbot [77] and Stickybot.[78] China's "Technology Daily" November 15, 2008 reported New Concept Aircraft (ZHUHAI) Co., Ltd. Dr. Li Hiu Yeung and his research group have recently successfully developed the bionic gecko robot "Speedy Freelander".According to Dr. Li introduction, this gecko robot can rapidly climbing up and down in a variety of building walls, ground and vertical wall fissure or walking upside down on the ceiling, it is able to adapt on smooth glass, rough or sticky dust walls as well as the various surface of metallic materials and also can automatically identify obstacles, circumvent the bypass and flexible and realistic movements. Its flexibility and speed are comparable to the natural gecko. A third approach is to mimick the motion of a snake climbing a pole.

Swimming: 
It is calculated that when swimming some fish can achieve a propulsive efficiency greater than 90%.[79] Furthermore, they can accelerate and maneuver far better than any man-made boat or submarine, and produce less noise and water disturbance. Therefore, many researchers studying underwater robots would like to copy this type of locomotion.[80] Notable examples are the Essex University Computer Science Robotic Fish,[81] and the Robot Tuna built by the Institute of Field Robotics, to analyze and mathematically modelthunniform motion.[82] The Aqua Penguin, designed and built by Festo of Germany, copies the streamlined shape and propulsion by front "flippers" of penguins. Festo have also built the Aqua Ray and Aqua Jelly, which emulate the locomotion of manta ray, and jellyfish, respectively.

Environmental interaction and navigation









RADAR, GPS, LIDAR, are all combined to provide proper navigation and obstacle avoidance

Though a significant percentage of robots in commission today are either human controlled, or operate in a static environment, there is an increasing interest in robots that can operate autonomously in a dynamic environment. These robots require some combination of navigation hardware and software in order to traverse their environment. In particular unforeseen events (e.g. people and other obstacles that are not stationary) can cause problems or collisions. Some highly advanced robots as ASIMO,EveR-1, Meinü robot have particularly good robot navigation hardware and software. Also, self-controlled cars, Ernst Dickmanns' driverless car, and the entries in the DARPA Grand Challenge, are capable of sensing the environment well and subsequently making navigational decisions based on this information. Most of these robots employ a GPS navigation device with waypoints, along withradar, sometimes combined with other sensory data such as LIDAR, video cameras, and inertial guidance systems for better navigation between waypoints.

Education and training




Robots recently became a popular tool in raising interests in computing for middle and high school students. First year computer science courses at several universities were developed which involves the programming of a robot instead of the traditional software engineering based coursework.Career training
Universities offer Bachelors, Masters and Doctoral degrees in the field of robotics. Select Private Career Colleges and vocational schools offer robotics training to train individuals towards being job ready and employable in the emerging robotics industry.Certification
The Robotics Certification Standards Alliance (RCSA) is an international robotics certification authority who confers various industry and educational related robotics certifications.

Employment in robotics








A robot technician builds small all-terrain robots. 
Relationship to unemployment
Some analysts, such as Martin Ford,[104] argue that robots and other forms of automation will ultimately result in significant unemployment as machines begin to match and exceed the capability of workers to perform most jobs. At present the negative impact is only on menial and repetitive jobs, and there is actually a positive impact on the number of jobs for highly skilled technicians, engineers, and specialists. However, these highly skilled jobs are not sufficient in number to offset the greater decrease in employment among the general population, causing structural unemployment in which overall (net) unemployment rises.

As robotics and artificial intelligence develop further, some worry even many skilled jobs may be threatened. In conventional economic theory this should merely cause an increase in the productivity of the involved industries, resulting in higher demand for other goods, and hence higher labour demand in these sectors, off-setting whatever negatives are caused. Conventional theory describes the past well but may not describe the future due to shifts in the parameter values that shape the context
Advantages and Disadvantages of Robots

                                  Robots offer many advantages. They can perform 24 hours a day without getting tired and they do not require a salary.   Human workers who get bored or tired start making mistakes; because a robot does not get tired or bored it is much more efficient.  Another advantage of robots is they allow us to explore places that we normally could not go.  Robots offer greater flexibility and reprogram ability.  They offer greater response time and improved product quality.  They reduce accidents and human exposure to hazardous materials.

                                                    They also have disadvantages. Robots are causing the loss of unskilled jobs and replacing them with jobs of high levels of skill and training, which can result in more unemployment.  Another disadvantage is that many people fear robots will “take over the world.”  Robots are far from this right now; however, the goal of many scientists is to make a universal robot flexible enough to do anything a human can do.  

Uses for Robots

                                 Robots are useful all around the world.  In 1995, 700,000 robots were used, approximately 500,000 in Japan, 120,000 in Western Europe, and about 60,000 in the United States.  

                               Robots are designed for working, playing, and exploring. Most robots perform repetitive or dangerous tasks.  A major user of robots is the automobile industry, using robots to complete tasks such as spot welding, painting, machine loading, parts transfer, and assembly.  Robots are also used for tasks that are too dangerous for a human such as: locating sunken ships, cleanup of nuclear waste, and active volcano exploration.  

Working Robots
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                                     Faster and cheaper computers have made the interest in robots rise.   Today, there are many uses for robots.  Robots work in car factories assembling and welding car body panels, finishing and painting, and they can stack and move partially completed cars. The picture to the left is a robotic arm used in chocolate factories. The arm picks up chocolates from one conveyer belt and arranges them in boxes located on another conveyer belt.  
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     Robots are also used for dangerous jobs.  A robot named the Mini Andros can investigate and defuse bombs.  It is used by bomb squads across the country.  The robot is approximately three feet long, has four legs with 2 wheels on each leg. The legs extend allowing it to climb stairs.  It has a moveable arm allowing it lift objects up to fifteen pounds.  It can place the things into a bombproof box or defuse it.  It can break windows and see in the dark.
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                       Robug III explores areas with enough radiation to kill a human.  It has eight legs with vacuum gripper feet that allow it to walk over obstacles and climb walls. It is small but can pull approximately 220 pounds.  It has video cameras that allow humans to see and. measure damage
WEED CONTROLLER: --
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                                Farm working usually involves a harsh environment such as limited work space or unstable or uneven surfaces. The development of novel weeding technologies that can reduce manual effort by 50% to 100% in organically grown sugar beets and vegetable and herbicide usage 75-100% in high value crops. This robotic techniques used in field to replace steerage hoes. A four wheel weed-removing device is to remove an operator driving tractor, with a person controlling the hoe. Considerably reducing the need for herbicides weed identification is based on color photography. The equipped robot helps production of weed maps identifying plant. Vision-guide dintra-row cultivator able to perform mechanical weed control within the row of sugar beets plants. Thus totally eliminating the need for chemical weed control. An Autonomous mobile robot for agriculture operations is driven by its two whets at the back. The steering mechanism is an Ackerman-steering controlled with a DC-servo-motor. The electrical power is provided by batteries or by a fuel-driven generator systems looks at a certain environment containing several plants. Knowing that the sugar beet plants are sown in rows and with a certain constant distance among them, it is possible to classify the sugar plant from the weed plant. It could be saving farmers money right from the starting. For safe night work field obstacles can be programmed into each field map so the tractor can automatically take avoidance action. 

Playing Robots

                               Robots are not only used for work.  They are entertainment too!!  Battle Bots is a game with fighting robots.   The object of the game is for one robot to immobilize the other robot. The two radio controlled robots are armed with weapons such as drills and saws.

                                     Sony has invented a robotic dog,AIBO , that can hear and see, and has a sense of balance and touch.  The dog has 18 motors that allow it to roll over, scratch, [image: image20.png]


play dead, and chase a ball.   Just like any puppy, AIBO is clumsy.  However, with time and training, it develops its movements and behavior patterns. Also like a real dog, AIBO seeks companionship.  It can respond to verbal commands and copies emotions.  

                                    RoboCup is an international robot-playing soccer game that draws more than 100 teams from 35 countries.  These robots use radio signals to bring together their teammates to chase the ball, pass, and shoot goals.  Currently the robotic players range in size; however, by 2050 the organizers of RoboCup plan to have a team of autonomous humanoid robots that can play and beat the world champion team in soccer
.                                              
            Exploring Robots
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                                                                                                     In 1997, Sojourner was sent to Mars.  Sojourner is a 25-pound rover with six wheels.  While on Mars, it took pictures and sampled soil and rocks. Sojourner relayed information back to Earth and found clues that Mars may have once been covered with water.  In 2003, two autonomous robots will be returning to Mars.  These robots will be able to send and receive signals directly and will hopefully be able to answer questions about Mars.  

                                     Robots are being sent underwater to explore depths humans cannot reach.  A robot named J.J. reached the Titanic 74 years after the wreck.  Dante II is designed to walk into active volcanoes.  It has eight legs and is equipped with video cameras allowing scientists to help control its moves.  It was sent down Mt. Spurr in Alaska in 1994.  However, it fell when a tether supporting the robot snapped. 
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                                   Nomad is an autonomous robot that searches the Antarctic for meteorites.  It has four wheels and is powered by gasoline.  It searches by using a laser range finder and has a camera eye that locates rocks and analyzes their color, shape, and size.  It has a built in metal detector that detects iron.  

A robot that just came out on the market that I find very interesting is the    Robot-iLE.  You can put this robot in your home and access it while you’re away by logging on to a certain web site. It allows you to hear, speak, and see through the robot’s sensors.  You can move the robot around and it even goes upstairs.  Wouldn’t it be nice to be able to check on your house when you’re not home!
CAR
                  We built a car with two different sensors, a touch sensor and a light sensor. The light sensor would work at the front of the car and the touch sensor at the back of the car. When the car approaches an object and gets too close, it will turn to avoid the object. When the car backs into an object it will stop and move forward. Dr. Friesen added an additional challenge to us. We needed to create our robot using only one motor so that we would learn how to use gears and pulleys to transfer energy
                                We wanted to build a car with two different sensors, a touch sensor and a light sensor. The light sensor would work at the front of the car and the touch sensor at the back of the car.

                                      We started to put our car to the test. We ran into a number of problems because we couldn't get the light sensor to work properly for us. Some of the members of our group thought that our car needed to play a tune as it went along. This didn't so
RELATED TECHNOLOGIES

                           PaPeRo                                                                 Bip2000

                                       It was the Czech novelist, Capek, who in 1920 coined the term “robot” to designate artificial beings that can replace man in the workplace. Today, we have many different conceptions of robots: “utilitarian” robots for work in extreme environments (like Eve, the robot explorer of Mars), companion robots (like PaPeRo from Nec), and others. Robotics touches a number of research domains; these include artificial life , which attempts to make robots more autonomous and capable of evolving without human intervention (like Aibo, Sony’s robot dog), collective intelligence that would empower robots to act in cooperation (as in 1998 when there was a football World Cup…played by robots!), and nanotechnology , which envisions, among other uses, micro-robots that can work inside the human body.

 Future Robots

                                         In the future, as the field of robotics advance, robots will have the increasing ability to reason.  They will be able to make new highways, clean underground pipelines, and mow the lawn.  With the development of microelectromechnaical systems, tiny robots will be developed to move through blood vessels delivering medicine or cleaning arterial blockages.  They could also be used in machines to diagnose mechanical problems.   

                                                Hans Moravec, a research scientist, believes robots will achieve human-level intelligence in 2040.  A home PC has approximately 1000 MIPS, millions of instructions per second.  Human level intelligence is approximately 100,000,000 MIPS.  Moravec developed a four-stage process.  By the year 2010, a robot will have 3,000 MIPS.  They will be better at navigating and gain more roles in factories.  By the year 2020, a robot will have 100,000 MIPS. They will be able to learn and become more reliable.  By the year 2030, a robot will have 3,000,000 MIPS allowing them to understand objects and living things.  By 2040, a robot will have 100,000,000 MIPS.  They will be able to talk and understand what others are saying. According to Moravec, they will even be able to reason as humans do.  

Conclusion

                                          Currently, most robots are being used in factories. However, scientists expect they will hold a more dominant role in the decade to come.  As the prices of computers continue to decrease, robots become more intelligent.  The good side to this is robots are more flexible and have a higher performance quality than humans. However, as the uses for robots increase the unemployment rate will increase.  This is because a persons job is taken by a robot and replaced with a much more skilled job of maintaining the robot.  The goal of most researchers is to make a universal robot that can do anything a human can do.  With the advancements in technology, we could see this by 2040!
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