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Part One – Thinking Machines


​Introduction


In this series of books - Thinking Machines - we will go on a journey to trace the evolution of the mechanical machine of the last century and its transformation into the intelligent, rational, logical and even sentient machine of today. It has progressed so quickly that concerns have been raised in the US senate and the EU parliament due to concerns that these machines have become too intelligent, too smart, and most worrying of all too independent. These autonomous, intelligent machines are not some near future problem their evolution and development started many decades ago. And as with most technological marvels their development progressed slowly and then very quickly leaving us with no time to put in place legislation or a strategy to manage them. Consequently, there is not even a rough plan as to how to handle their proliferation through industry, how they will redefine work and take jobs across the entire spectrum. Most importantly to society as these thinking machines are insidiously permeating into all fabric of our world, will be our relationship with the technology, will we ultimately become dependent upon them. 

But what are they, how did they come about, and what are the technologies that they are based upon? Those are the question that this book hopes to shine some light upon. By doing so, we will explain how a conflation of technologies matured at an opportune time to accelerate the development of such intelligent entities, which now stand on the precipice of an industrial revolution. That such a potentially existential threat could be within not our lifetimes but a handful of years was laughable just five years ago. Yet it has arrived at such speed that it has left us unprepared and with uncertain futures. 

Throughout this book we will examine through in-depth introductions into the fields of robotics, data science, artificial intelligence, machine learning, and neuroscience how to create a thinking machine. Further we will strive to reveal how incremental but hugely important advancements in electronics, algorithms, analytics and microbiology have fueled the transformation of the mechanical machines of the 90’s into the thinking machines of 2017.  

For better or worse they will walk amongst us, we have created them and cannot un-invent them so you had better learn something about them. 

**Note**

During this series of books we refer to thinking machines but these machines are not robots per se but a combination of smart systems that are more correctly referred to as cyber physical systems or CPS for short. However, in almost every walk of life these cyber physical systems will be commonly referred to as robots as the term is far more pervasive and in the common lexicon of just about every language. Hence in this series of books we will often refer to robots when the correct, precise term should be a cyber-physical system and to the pedants I apologize but for the avoidance of doubt we use the terms synonymously if albeit incorrectly.

The term Cyber Physical Systems (CPS) was coined over ten years ago by the National Science Foundation (NSF) and their definition is that a CPS is "engineered systems that are built from, and depend upon, the seamless integration of computational algorithms and physical components." (NSF) 

Another definition for CPS is that they are, "integrations of computation, networking, and physical processes. Embedded computers and networks, which monitor and control the physical processes, with feedback loops where physical processes affect computations and vice versa." (Cyberphysicalsystems.org)

Therefore, we can think of Cyber Physical Systems typically as the integration of embedded computers, internet objects and physical processes connected through communication channels. This makes just about anything that has an embedded computer a CPS candidate. For example Cyber Physical Systems are feedback systems which sometimes involve people in the loop, a worker with a tablet, but they may also be fully autonomous systems, such as a smart factory or an airliner. 

Either way the CPS's architectural model will be distributed and networked perhaps utilizing wireless communications, sensors and actuators. By their design CPS are intelligent, adaptive and predictive as well as being deterministic and capable of the real time operations required in industrial applications. 

However in order to operate securely, CPS require strict levels of cyber security which can provide the network resilience, privacy and intrusion protection to mitigate attacks from malicious actors. CPS also require in most cases to integrate with existing systems and applications, therefore they also require an architecture that provides design tools and methods that can support interfacing with legacy systems as well as providing features for modularity, scalability and complexity management.  

Another requirement for CPS is that they should provide methods for validation and verification, perhaps through reporting, assurance, certification and simulation. The latter is an important feature in industrial use cases as CPS can perform the real time simulation of an entire operational process, without the operational expense and delays required in setting up pilot processes that would require configuring and the interfacing of several legacy systems.

The wide scope of the definition of Cyber Physical Systems means that CPS systems are everything from tiny Internet of Things devices connected to ad-hoc networks in the home to Smart Cars and Smart Factories and even Smart Cities. Indeed just about everything that has some embedded computing system can be a CPS and therefore they have applications in many industries such as Manufacturing, Health Care, Transportation, Agriculture, Communications, Retail, Consumer, Energy (including Oil & Gas), and in Robotics.

It is in the field of Robotics that we will first look at CPS in operation as many of the industrial use cases for CPS rely heavily on robotic integration and control via either human interaction or through computational algorithms. Consequently the field of robotics is a good place to start when we imaging the possibility of building thinking machines.

​


Chapter 1 - A Brief History of Robotics



In this Chapter we will learn about the history of robotics and how it has evolved into today's diverse representations and utility.

"Robotics is the technology dealing with the design, construction, and operation of robots in automation", (Merriam-Webster). 

"A robot is a machine capable of carrying out a complex series of actions automatically, especially one programmable by a computer." (Oxforddictionaries.com)

Although the concept of a robot has been around since Nikola Tesla demonstrated his radio controlled boat way back in 1898. The actual term Robot did not come into the modern lexicon until 1921 when the Czech playwright, Karel Čapek launched his stage play R.U.R (Rossum's Universal Robots). The word Robot was Czech for reluctant worker, and the play told the story of robots rebelling against their human masters. Later, and more famously the science fiction author Isaac Asimov wrote in 1942 about friendly cooperative robots that helped mankind willingly. Indeed it was Asimov who came up with the somewhat optimistic three "Laws of Robotics", which we will come across later, which laid the belief foundations that robots must do no harm.  Science Fiction liked to depict robots as humanoid as the writers preferred to envisage robots as humanlike, that were either family friendly personal man servants or evil alien manifestations, but that view was always much more simplistic than proposing an alternative reality. 

Indeed the first mechanical robots that entered service in the automobile industry were in 1961 working on General Motors assembly line. The robots quickly proliferated in the factories, but far from being humanoid they were what we call manipulators or robotic arms that could lift heavy items or lift and place items on a conveyor line or within an assembly station. These electro-mechanical robots where designed and built to perform specific tasks reliably, accurately and tirelessly.

A key advancement was the invention of the digital computer, microprocessor controllers and transistor logic circuits (TTL), as these were now compact enough and cheap enough to provide robots with a brain. Previously, robots had been mechanical or electro-mechanical machines but now they could be programmed and be fairly automated to perform some tasks and consequently their utility increased dramatically. 

As a result, robots proliferated in factories, not just to lift and place heavy, dirty or dangerous items but to assemble products requiring the manipulation of delicate parts. Consequently, today we have robots that can assemble, weld, spray paint, and perform intricate actions such as placing and tightening bolts to exact torques, as well as many other intricate tasks, which had previously been though possible only through human dexterity. 

[image: r2-iss-legs-strongman.png]Advanced intelligent Robots soon found use cases in hospitals, transportation and agriculture. Space and Aeronautics also became industries that deployed robotic systems (auto pilots or rover vehicles) to automate and control difficult, monotonous or dangerous tasks. However, none of these industrial robots came close to the sci-fi image of a human form.

However in 2010, General Motors in collaboration with NASA did create a humanoid robot called Robonaut-2 and it was deployed to work helping astronauts in the international Space Station. What was special with Robonaut -2 was it was capable of using and sharing the tools developed for humans. 

Furthermore, being a machine it was able to perform well both inside and outside the space station. Importantly, Robonaut was only humanoid in so much as it had vaguely human form, but it didn't look human.

Space exploration with its large budgets made developing robots to perform dangerous tasks in inhospitable environments not just feasible but very appealing, as of course it did to the defense industry. 

Indeed military robots called UAVs (Unmanned Aerial Vehicles) or RPAS (Remotely Piloted Aerial Systems) but more commonly just referred to as drones are in use in operations around the world. These military drones have been developed and deployed by many nations as a relatively cheap method of providing an unmanned aircraft for both surveillance and attack purposes. [image: reaper.jpg]Indeed the future of war looks like it will be fought out between autonomous drones in the air, on land and sea. The US navy is already experimenting with robot unmanned vessels that operate above and below the waves. These unmanned naval drones are A.I. ghost ships and battlebots, which are the future of the US military as it will enable them to cut operational costs by removing humans from potentially dangerous situations. An example of this is DARPA's Sea Hunter robot boat that is designed to cruise the oceans without a crew. The ship's projected $20 million price tag and its $15,000 to $20,000 daily operating costs make it very attractive from a financial perspective. Consequently, the military has escalated the use of drones in recent years over the skies of Iraq, Afghanistan, Pakistan, Yemen and Somalia amongst others. Of course technology doesn't always require vast budgets or is even a significant advantage as non-state militant actors, criminals and lone-wolf terrorists also have access to drone and robot technology albeit at an inferior level of capability. 

Defense has played a major role in the advancement of robotic technology, for example, in the US it has been DARPA that has been pushing robotic technologies through grants, competitions and cash prizes. Recently, two DARPA hosted competitions for both autonomous vehicles and humanoid robots resulted in huge advancements in the respective technologies in the space of just a few years of competition.  

DARPA's initial competition for autonomous vehicles back in 2004 was something of a disaster with none of the entrants able to complete the Nevada desert course. However the following year five entrants did manage to finish the course with the winner Stanford University's unmanned vehicle 'Stanley' collecting the $2m prize. Subsequent years have seen the competition become more challenging with urban driving coming to the fore. Following the Urban Challenge in 2007, DARPA introduced a new competition and this time it was for robots, the DRC trials in 2013. The purpose of the challenge was for competitors to build a robot that could assist at a disaster scene and perform various tasks in a human environment. Initially these task were pretty difficult if not near impossible. DARPA had for example originally wanted the robots to enter and exit a standard vehicle and drive it to a designated location. They were also expected to clear rubble from a doorway, open the door and cross an obstacle strewn floor. The goal of the robots exercise was to find a leaking pipe and to switch off the associated valve before climbing a ladder to make their exit. 

Needless to say the original trials in 2013 were nothing short of comical slapstick with robots keeling over and floundering at the slightest obstacle. However undaunted the competitors continued to work on their robots for the 2015 finals. Fortunately, by 2015 the robots all displayed huge levels of improvement but of the 24 robots that entered the competition only a few made it through the challenging course as a result of many of them simply falling over. The rules of the competition stated that should the robot fall it must get back up itself or the team accept a ten minute penalty. As most teams had designed their robots to be humanoid with bipedal motion, falling over was a recurring problem for all of them. Only the winner KAIST from South Korea managed to make it around the course upright. It succeeded due to having rollers for knees as this meant it could collapse down on to its knees and then drive itself along on a stable platform and with a lower center of gravity. When required to stand to its full height of 5 feet nine inches to accomplish some of the technical challenges then it could do so easily. 

The KAIST robots design of having rollers for knees enabled it to win as it was far more stable than its bi-pedal peers. However, the lasting impression from DARPA's DRC 2015 was how far the teams had progressed in a little over a year but also how far they still had to go in making functional mobile bipedal robots. 

Another driving force that has been instrumental in the advancement of robotics over the last decade has been Artificial Intelligence (A.I.) and the related field of Machine Learning (ML). These technological disciplines provided robot's with intelligence and the ability to learn from their work and the environment, which enables them to adjust and optimize processes and procedures. Examples of robots that utilize A.I. and ML are autonomous cars, where the entire car is a robot, or the highly advanced passenger drones that have recently began to emerge. One example of a passenger drone taxi service is found in Dubai in the United Arab Emirates (UAE). 

[image: EHang.jpg]The service provided is a self-flying air taxi that beats the city-states congested traffic. The Chinese manufacturer EHang say's the megadrone can carry a single occupant weighing up to 100kg (220 lbs) along with a small suitcase. The 142-horsepower EHang -184 is a quad copter that weighs 440 pounds and can fly at heights of up to 11,500 feet and is powered by eight propellers. The four-legged, egg-shaped aerial taxi has room for only a single passenger but it can reach speeds of up to 100 mph, though Dubai’s transportation officials say it will typically operate at about 62 mph. Customers can order the air-taxi to pick them up from one of several designated zones and takes them to pre-programmed destinations. However, the EHang only has a maximum flying time of 30 minutes and a range of 31 miles, which is fine for Dubai but if you want to travel further then the futuristic Hyper loop supersonic pods that are planned for transportation between Dubai and Abu Dhabi might be the better solution. 

[image: airbus.jpg]Flying cars were once the staple ingredients of any self respecting science-fiction book or movie, and no sooner are we on the cusp of autonomous road cars than Airbus announces a prototype for an autonomous flying drone/car combo. The Airbus taxi drone called Pop.Up is a drive-fly system that consists of a two-seater capsule that functions as a road car or it can function as a capsule that can be carried to the rider's destination by an air drone. The air drone, which is a vertical take-off and landing air vehicle, can rendezvous and pickup the passenger capsule when the roads are too congested. It is planned that once passengers reach their destination, both the air and ground modules will return to dedicated recharge stations, where they will wait to be summoned by the next customer. The two-seater capsule, which will roll up at your location once you've ordered it, consist of a monocoque carbon-fiber cocoon that measures 8.5 feet (2.6 meters) long, 4.5 feet (1.4 meters) high, and 16 feet ( 5 meters) wide. The capsule is capable of transforming into a car by coupling to the ground module, which runs on a battery and it has a range of 62 miles (100 kilometers) on a single charge. 

But, if the customer should encounter heavy traffic, such as in major mega-cities then the capsule disconnects from the ground module and is carried by a 5 by 4.4 meter air module propelled by eight counter-rotating rotors. In this configuration, the Pop.Up becomes an urban self-piloted air vehicle, taking advantage of the third dimension to get from A to B efficiently whilst avoiding traffic congestion on the ground. 

Moreover, in addition to Airbus's sci-fi product of a flying car we now also have IBM's Artificial Intelligence engine Watson and Google's AlphaGo that can outperform humans in situations previously thought to be unsuitable for programmable machines. 

IBM's Watson which perhaps more correctly should be described as a cyber physical system rather than a robot is another poster child for Artificial Intelligence. Watson is a CPS made up of many parallel computer systems that provide a vast local data source. However Watson is not just a database it also has advanced algorithms which allow it to analyze a question, try to determine the context and syntax, resolve any ambiguity and then search for an answer. When Watson's many computers working in parallel searches, return potential search results, then Watson has to work out the highest probability of correctness for each potential answer it receives. Watson answers the question using the search result with the highest probability of correctness, which is determined via ML technology and this mimics the way humans answer questions. Watson was so successful that it won the TV show "Jeopardy!" competing against the US shows two best competitors.

Watson is not the first or even the latest CPS or robot to defeat a human at a game previously thought beyond them. Big Blue, also from IBM defeated Gary Kasparov at chess; Google's DeepMind AlphaGo program beat the reigning and 18 times GO world champion South Korea's Lee Sedol convincingly winning the series, 4-1. 

Surprisingly, AlphaGo did not just beat Lee Sedol it actually left him speechless due to an utterly outrageous move, which had both Lee Sedol and the commentators bemused. What AlphaGo did was produce a move in the second match when the game was approaching the end of its first hour that shocked every expert following the game. AlphaGo instructed its human assistant to place a black stone in a largely open area on the right-hand side of the 19-by-19 grid that defines this ancient game. The move was initially met by bemusement, then mocking laughter as they believed AlphaGO had experienced a bug – such was the outrageous and incomprehensible nature of the play. 

Lee Sedol was taken aback so much that he took a break to assess the situation and even after Lee Sedol returned to the table, he didn’t quite know what to do, spending nearly 15 minutes considering his next play. AlphaGo’s move didn’t seem to connect with what had come before, what is more it was not a human move as one commentator remarked. In essence, AlphaGo was abandoning a group of stones on the lower half of the board to make a play in a different area. It did this by placing its black stone just beneath a single white stone played earlier by Lee Sedol, and the move was inexplicable. Later Lee Sedol thought the move may have made sense in another situation, but what was so surprising was it was completely unexpected in that particular place at that particular time— it made no strategic or tactical sense. But it wasn't just move 37 that staggered AlphaGo's human opponent the A.I. machine made several others on its way to comprehensively defeating the human at a game thought well beyond the capabilities of a machine.

Surprisingly, most recently even human experts at poker – another game often believed to be well beyond the abilities of computers - have been found to be no match for CPS robots with A.I. and ML technology. In January 2017, Carnegie Mellon University's, Libratus A.I., became the first A.I. system to beat professional poker players at heads-up, no-limit Texas Hold' em.   The A.I. won the “Brains vs. Artificial Intelligence” tournament against four poker pros by US $1,766,250 in chips over 120,000 games (hands). Researchers can now say that the victory margin was large enough to count as a statistically significant win, meaning that they could be at least 99.98 percent sure that the A.I. victory was not due to chance. 

However what is even more important is that Libratus A.I.'s victory demonstrates how A.I. algorithms and strategies have more than likely surpassed the best humans at doing strategic reasoning in imperfect information games such as poker. The researchers at Carnegie Mellon University believe that the no-limit Texas Hold' em version of poker is a good example of an imperfect information game because players must deal with the uncertainty of two hidden cards and unrestricted bet sizes. Therefore, an A.I. strategy that performs well at no-limit Texas Hold' em could also potentially tackle real-world problems with similar levels of uncertainty.

The way that this works is that the A.I. algorithms, in this case, the Libratus algorithms take the rules of any imperfect-information game or scenario as an input and then derive its own strategy as an output. Interestingly the researchers at Carnegie Mellon University revealed that despite Libratus A.I.'s convincing victory over human poker players its algorithms were not specifically designed for poker and this shows vast potential in other fields. For example, an alternative imperfect-information scenario where A.I. could be highly beneficial is in providing automated business or world political negotiations. It could also power applications in medical research, cybersecurity, military robotic systems, or playing the financial markets.

[image: asimo.jpg]Artificial Intelligence and Machine Learning provide the algorithms and therefore the intelligence and learning abilities. Cloud or Fog computing can also bring their vast compute, data storage and analytical abilities to bear to provide the robot with vast data troves of knowledge. But often robotics requires mechanical abilities such as walking that requires tremendous agility, balance and coordination. As far as humanoid robots are concerned the most technologically capable is ASIMO developed by Honda, which can walk, run, dance –developers love making robots dance-, climb stairs, and even play football (soccer). 

Asimo can also do basic household chores, answer the door and even serve snacks and drinks. But although ASIMO is humanoid it still looks like a robot. 

––––––––

[image: geminoid-F.jpg]However, that is not the case with Geminoid-F, which is a humanoid robot modeled to look like a human female and can simulated 65 facial expressions. Geminoid-F's eyes can also provide the robot with information that enables facial recognition and also allows the mimicking of facial expressions. 

Much work has gone into making Geminoid-F as realistic as possible, that is shown in her realistic skin tone and hair texture and facial details- that the designers also gave the robot actuators in the chest to mimic breathing, which alters with mood – displays their focus on detail. As Geminoid-F is designed to be the first robot movie actress she uses advanced A.I. techniques and machine learning to behave autonomously answering questions and responding to human body language and expressions. The way that Geminoid -F can interact with humans, even going so far as to read their facial expressions in order to evaluate their mood so that she can reciprocate and mimic their expressions to show empathy is largely down to A.I. and machine learning techniques. Geminoid-F may look almost human – it is still some way off actually being able to fool anyone - but the robots ability to interact verbally and display empathy in conversation is considerably more convincing.

Astonishingly, the quest to make robots convincingly humanlike has accelerated in recent years driven by the sex-industry. The desire to create robotic sex dolls is now a multi-million dollar industry with several already available for purchase. One US-based company Realdoll has robotic sex dolls for sale at $15,000 and in Barcelona a robot only brothel, Lumidolls, opened in March 2017 – the first in Europe – and it's expected more will soon start cropping up all over the place. Apparently, what makes these dolls different is their conversational abilities driven by A.I. and there uncanny ability to provide 'emotional closeness', which begs the question what ever did happen to the uncanny valley. 

Robotics advancement, which is highly complementary to the developments in A.I. and ML, is further boosted by the growth in the Internet of Things (IoT), which relies heavily on the technology in IT, electronics and communications. In particular in advancements in wireless communication protocols and cloud technologies, which enable wireless sensors and actuators to be reliably and cost effectively networked. Wireless technologies have provided advancement by freeing robots from tethers and facilitating robots to integrate with other systems or to extend their own reach and functionality. High speed Wi-Fi, 4G and a plethora of other wireless communication protocols have allowed robots to interact with external sensors, actuators and importantly additional processing power and data sources in the cloud. 

However, with the advances in robot technology over the last few years it is easy to over-estimate their capabilities, especially from a mechanical perspective.  In order to demonstrate this we only need to look at the state of the art bipedal robots competing in DARPA's DRC in 2015. The very best of the robots completed the course in 40 minutes plus, and to put that into perspective a human five year old could have completed the course at a skip in only a few minutes. Therefore to understand the true status of robot technology today and to place further advancements into context we have to understand the complexity of the mechanical challenges ahead.


​Chapter 2 - Mechanical Robotics




In this chapter we will learn about the basic elements of mechanical robots, the components that comprise a typical robot and learn about the diverse body shapes which robot designer can adopt to suit their robot's purpose. We will also learn about actuators and the mechanisms such as robotic arms that enable robot's to do tasks. We will also be introduced to the types of robots in industry, such as the manipulators, learn about their types, workspace and abilities.

Although there is no longer a clear definition for a robot - as the term has been used liberally to categorize all sorts of cyber physical systems and even applications or software running advanced algorithms, such as with software robots. However, it is still generally believed that a robot requires being a physical entity, to have a body that interacts with its environment so that it does something. 

Therefore we can categorize some of the attributes that even a basic robot will have. They may not have all of the following features or sub-systems, due to their vast diversity and purpose, but they will have some;


	Body, mechanisms & controllers 

	Motors & Actuators (levers, wheels, arms, legs etc)

	Sensors

	micro-controller and power supply

	Software & algorithms 



Even toy robots will have many of the items from the list above and that is because a robot needs to do something, perform some task, even if that is only to drive around and change direction on command, as with a toy car. So if we consider the first item on the list, the robots physical body, we can see the great diversity of robot shapes and forms and interestingly the design philosophy.

​The robot's body

Robots come in many shapes and forms, hardly any are humanoid and for a good reason – walking upright on two legs is astonishingly difficult. If it is going to take vast amounts of the robot's computing power to maintain their balance and stop them collapsing in a heap then that isn't very efficient. Robots need to perform certain tasks – typically only a single one – extremely well, reliably, efficiently and accurately. Even a toy robotic car will be expected to look like a car and run in a straight line and change direction on cue to avoid obstacles. Furthermore it will be expected to behave consistently so that its actions are repeatable as that will allow the child controlling the robot to gain the necessary skills required to pilot the toy. 

[image: iRobot-Roomba-650-Compare.jpg]Other robots such as the popular robot vacuum cleaner Roomba by iRobots are autonomous they do not need a human in command as they can avoid obstacles using their sensors and are designed to have a low profile body that sits low, only two or three inches high, in order that they can navigate under and around obstacles such as chairs, tables and sofas. They are also designed to be wide in order to optimize the cleaning surface area whilst staying narrow enough to enable them to pass through obstacles, such as a door or the legs of a table or chair. Furthermore, in order to optimize their flexibility of movement they are circular as this means they can reverse easily and maneuver more effectively. Unfortunately, the design does mean it is unable to climb stairs so it is limited to a single room or floor - if you remember to leave the doors open. Here the designers have chosen a body that accentuates the cleaning functionality over mobility.

[image: alpha dog.jpg]A more esoteric robot but still designed with practicality in mind is Alphadog or BigDog which is a robot designed for military support and it is designed with mobility in mind. Alphadog is designed to accompany soldiers and carry their supplies over all sorts of terrain and conditions, snow, mud, sand, water and even over ice. The body shape is inspired by nature and the designers have build as the name suggests a four legged hydraulic robot with each leg independently controlled by a central computer. Dozens of sensors such as the advanced gyroscopes, accelerometers and GPS trackers provide both stability and navigation control data, which enables Alphadog to work autonomously following a predetermined route. In this scenario the designers have designed a body with cross country travel in mind and with the rugged capability to carry heavy loads (400 lbs) over heavy terrain. Of course this requires power and lots of it so Alphadog has an internal combustion engine to drive its powerful hydraulic limbs.

Another, robot manufacturer that is producing unmanned ground vehicles (UGV) for research, and the military is Ghost Robotics, and they have come up with the Ghost Minotaur. However, their plan is to produce a small-form, highly mobile quadruped that can cover almost any terrain. The Minotaur can climb fences, jump gaps and even stand on two legs to perform some albeit very limited humanoid robotic functions. Astonishingly, the Minotaur is equally adept at covering all sorts of challenging terrain, such as rubble, sand, snow and even ice and yet it can carry a payload of 5kg, which is very light for military purposes but might be ok for research. Furthermore, when fitted with claws the Minotaur can also climb chain link fences. 

However, it does beg the question how this small unmanned ground vehicle will be able to find any utility, being so small and frankly underpowered. However, the manufacturer, Ghost Robotics, claim that they are more interested in scaling down the robot rather than up, as its future they feel is in the small rather than larger robot segment.

[image: eelume.jpg]Another robot whose design was inspired by nature is the Eelume, which as its name suggests borrows much of its design philosophy from the eel. The Eelume is designed to operate underwater in hostile environments servicing pipelines, oilrigs and the like. Furthermore, the Eelume robot is designed to live permanently underwater which means no surface support vessels are required and this makes it much cheaper to operate than tradition underwater ROVs (remote operated vehicles). The Eelume's long eel like body is constructed in segments or modules that can be snapped together to suit the task in hand. Cameras, grippers, and an array of maintenance tools can be fitted to customize Eelume for the work it is commissioned to perform. However, it is its adjustable snake like body and its method of propulsion through lateral undulation and eel-like motion patterns that makes Eelume so special and suited to life underwater. 

––––––––

[image: microrobot_02.jpg]Not all robots though are work-horses that require working long hours or traversing hostile terrain some are microscopic and are designed to work inside the human body. There are even micro bots that measure only 60 micrometers wide by 250 micrometers long, which makes it to date the smallest non-tethered controllable robot. By controllable, the developers mean it can move and be steered just like a car except this tiny robot doesn't run on wheels it crawls like a caterpillar but it takes thousands of nanometer leaps a second. 

Some robots are much larger but still lightweight and small, such as drones. The Hummingbird drone robot is an example of a military surveillance drone designed to meet this ultra-small lightweight criteria. More typically though designers only have a particular function in mind for the robot and that can be demonstrated by looking at the types of robots deployed in industry. 

[image: titan.jpg]The vast majorities of industrial robots are designed for a specific task and are typical fixed positioned robotic arms, called manipulators. These articulated robotic arms can be small or large dependent on the design goals, For example, the KuKa's Titan traditional industrial model is massive and the Titan's industrial arm can lift over a ton and you would not want to be around it while it was at work. Others are small and human friendly and these collaborative manipulators are designed to be safe for humans to work alongside. Others manipulators, have several robotic arms that can work collaboratively or independently, an example of this body type is the 

medical surgery robot called da Vinci, which is a surgical system controlled by a human. Another, is the industrial light-weight pick and place manipulator Baxter which is designed to be safe to work beside despite its rather intimidating presence. 

Some robots are designed specifically to work alongside and to serve people and these personal robots are designed to look like friendly sci-fi robots such as the popular personal robot Pepper. [image: qui_est_pepper.png]

Personal robots are designed to interact with people and to recognize moods through reading facial expression and analyzing body language and to engage with the human appropriately. To this end personal robots have got to have cute physical form that people find comfortable to have around. This it seems is not so difficult and certainly doesn't require all the sophistication and dedication to realism displayed by Gemanoid-F's design team. It seems humans strangely will recognize anything with two black dots with a curved line beneath them as being a face and will try to identify with the object despite the fact they know it is inanimate. The fact that these robots are loaded with artificial intelligence allows them to interact with humans and in turn the humans quickly lose any inhibitions or shyness about talking to an inanimate object.

To illustrate how designers go about choosing a body shape for home robots we can see the trend with the latest offerings announced at CES 2017. The trend is to apply the round faced two eyed template to personal robots. This is because more robots are entering the home and as they are now coming embedded with A.I. algorithms such as Alexa and are in effect providing the front-end human facing role of Alexa, the robots need to inspire empathy and affection.  

There are literally hundreds of other examples of the diverse body shapes and forms for robots but I think by now we have made the point that the robot's task goes a long way in determining its physical form.

​Mechanisms & Controllers

In this book we will concentrate on two types of robot bodies, 1) a simple wheel driven mobile robotic vehicle, and 2) an industrial robotic arm or manipulator as they are often called. The reason we have selected these two body type amongst the vast array of choice is simply that the former is very common and relatively simple in its operation. The latter, the robotic arm is despite its simplistic body shape actually very complex in its operation. 

Robotic arms

The industrial robot arm body can take one of several forms and can cover different workspace or reachable range;
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