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	Surprisingly, despite all the excitement surrounding robots and the remarkable achievements in robotics, no universally accepted definition of a robot exists to this day. There are, however, a set of fundamental characteristics that any robot should possess, and understanding these can help you determine whether a given machine qualifies as a robot. These characteristics also serve as a practical guide when deciding what features to incorporate into a machine before it can truly be called a robot.

	Four Basic Characteristics of a Robot

	Every robot shares four essential characteristics: energy, sensing, movement, and intelligence.

	Sensing

	At its core, a robot must be able to perceive its surroundings in ways that parallel how humans experience the world. Robots may be equipped with light sensors that replicate the function of eyes, chemical sensors that mirror the role of the nose, sonar sensors that serve a similar purpose, touch sensors that replicate the sense of skin, and taste sensors that correspond to the tongue. Through these sensory systems, a robot gains awareness of and insight into its environment.

	Movement

	A robot must possess the capacity to move — whether by walking on legs, rolling on wheels, or being propelled through the air. This movement may involve the entire robot relocating from one place to another, or it may be limited to specific parts, such as the head, arms, or legs alone.

	Intelligence

	Artificial intelligence, or AI, is a necessary component of any robot. This capability is typically implemented through computer programming, which means a working knowledge of programming is essential when equipping your robot with the intelligence it needs. Programming determines what the robot senses and how it responds with movement.

	Energy

	Every robot requires a power source to function. This energy can come from electrical systems, chemical sources such as batteries, or solar power. The appropriate energy source for your robot will largely depend on the tasks it is expected to carry out.

	Working Definition of a Robot

	For the purposes of this discussion, a robot can be defined as a machine that integrates control systems, sensors, manipulators, software, and power supplies — all working in concert to accomplish specific tasks.

	Constructing a robot demands a solid grasp of foundational principles drawn from mechanical engineering, mathematics, physics, and computer programming. In certain specialized cases, knowledge of chemistry, biology, or medicine may also be required. Studying robotics means actively engaging with a wide array of disciplines to design machines capable of addressing real-world problems.

	A Brief History of Robotics

	The word "robot" made its first appearance in a 1921 play titled R.U.R. (Rossum's Universal Robots), written by Czech author Karel Čapek. The story centers on machines constructed to labor in a factory, which eventually rise up against their human creators. "Robot" is derived from the Czech word for slave.

	The term "robotics" also has its origins in fiction. Isaac Asimov, a Russian-born American science fiction writer, introduced the word in his 1942 short story "Runabout." Unlike Čapek, Asimov held a far more optimistic view of robots' place in human society. He generally portrayed robots as helpful machines in service to humanity, describing them as a "better, cleaner race." He also put forward three foundational Laws of Robotics:

	First Law of Robotics

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

	Second Law of Robotics

	A robot must follow the instructions given to it by humans, except where doing so would conflict with the First Law.

	Third Law of Robotics

	A robot may safeguard its own existence, provided that such self-preservation does not conflict with the First or Second Law of Robotics.

	Early Models of Robots

	One of the earliest recorded instances of a mechanical system designed to carry out a recurring task dates to approximately 3000 BCE. Egyptian water clocks were outfitted with human figurines that struck bells on the hour to mark the passage of time. Around 400 BCE, Archytas of Tarentum — credited with the invention of the pulley and the screw — constructed a wooden pigeon capable of flight. During the second century BCE, when Greece held dominion over Egypt, hydraulically powered figures that could deliver spoken prophecies were widespread.

	In the first century CE, Petronius Arbiter constructed a doll capable of moving in a manner that resembled human motion. In 1557, Giovanni Torriani built a wooden robotic figure that could retrieve the Emperor's bread from storage each day. By the 1700s, robotic inventions had become increasingly common, ranging from steam-powered automata crafted in Canada to Thomas Edison's celebrated talking doll — impractical perhaps, but undeniably ingenious. While these early creations may have planted the seeds for the modern robot's design and function, the progress made during the twentieth century in robotics surpassed all prior developments many times over.

	The First Modern Robots

	The robots we recognize today trace their origins to the work of George C. Devol in the 1950s. This Kentucky-born inventor designed and patented a reprogrammable manipulator he named "Unimate," a term derived from "Universal Automation." Despite years of effort, his attempts to commercialize the invention met with little success. In the 1960s, however, entrepreneur and engineer Joseph Engelberger acquired Devol's patent and adapted it into an industrial robot. He went on to found Unimation, a company dedicated to producing and marketing these machines. His venture proved highly successful, and Engelberger is widely recognized today as the Father of Robotics.

	Progress in robotics was also taking place within academic institutions. Alan Turing — trailblazing computer scientist, mathematician, logician, and cryptologist — published "Computing Machinery and Intelligence," in which he introduced a benchmark for determining whether a machine could truly think independently. This benchmark became known as the Turing Test.

	In 1958, Charles Rosen of the Stanford Research Institute assembled a research team to develop a robot called "Shakey," which represented a significant technological leap beyond Devol's Unimate. Shakey could navigate rooms, perceive light through its camera "eyes," move through unfamiliar environments, and respond to some degree to what was happening around it. Its nickname came from the noisy, unsteady manner in which it moved.

	In 1966, at the Massachusetts Institute of Technology, Joseph Weizenbaum created an artificial intelligence program called ELIZA. Functioning as a simulated computer psychologist, it rephrased users' own statements back to them as questions.

	In 1967, Richard Greenblatt developed MacHack, a chess-playing program, in direct response to an article by Hubert Dreyfus in which he declared no computer program could defeat him at the game. When MacHack was completed, Dreyfus was invited to play — and lost. That program served as the foundation for subsequent chess programs, eventually evolving into Deep Blue, which defeated chess Grandmaster Garry Kasparov in 1997.

	Interest in robotics was also a significant driving force behind the advancement of computing. In 1964, the IBM 360 became the first computer to be manufactured on a mass scale.

	Robots played a pivotal role in the early days of space exploration as well. In 1969, the United States drew on cutting-edge robotics and computing technology to support Neil Armstrong's historic landing on the moon. Robots have also contributed meaningfully to scientific discovery. In 1994, Carnegie Mellon University developed Dante II, an eight-legged walking robot that successfully descended into the crater of Mount Spurr to collect samples of volcanic gases.

	Commercial enterprises also capitalized on the public's enthusiasm for robots. In 1999, Sony launched the original AIBO, a robotic dog designed to entertain its owner, learn from interactions, and communicate with them. Subsequent, more sophisticated versions followed over the years, culminating in the ERS-7M3, the final model, released in 2005.

	Honda unveiled its ASIMO robot — an advanced humanoid — in 2000. In 2004, Epson's robotic helicopter was recognized as the world's smallest robot, measuring just 7 cm in height and weighing a mere 10 grams. It was designed to fly and record footage in the aftermath of natural disasters.

	Released in 2002, the Roomba robotic vacuum cleaner became a runaway commercial success, selling more than 2.5 million units and demonstrating that there is substantial consumer demand for domestic robotic technology.

	Robots have also captured the imagination of filmmakers and audiences alike, appearing in hundreds of films including The Day the Earth Stood Still (1951), Arthur C. Clarke's 2001: A Space Odyssey (1968), Star Wars (1977), Blade Runner (1982), The Terminator (1984), Nemesis (1992), I, Robot (2004), Transformers (2007), and many others. The enduring popularity of robot-themed cinema reflects humanity's fascination with and enthusiasm for the prospect of machines that can move and think on their own.

	When you're ready to start building your own robot, move on to the next chapter to get started.

	The first step toward building your own robot is identifying what you want it to accomplish — in other words, defining the purpose behind your project. Robots are employed in a wide variety of contexts and are designed primarily to support and assist human beings. Taking time to familiarize yourself with the different purposes and applications of robots will give you
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