Computer controlled world

Chapter I

Introduction
“Our goal is not to hand down a computer controlled world without people, but a better one”
“...and the evening and morning were the seventh day.”

Playing God is almost as ancient as mankind had begun worshipping them. Animated statues were worshipped in Egypt and humanoid automatons were built by Yan Shi. The first written resources appear in the Greek myths, such as Talos of Crete or the golden robots of Hephaestus and Pygmalion's Galatea. There are many examples throughout human history, like Al-Jazari and Farkas Kempelen, not to mention Paracelsus, who was believed to create artificial beings.

By the 20th century artificial beings had become a common phenomenon in fiction as in Mary Shelly's Frankenstein or Karel Capek's Russum's Universal Robots. This was a title of a play, where the word robot comes from. The original word Robota means obligatory work or servitude. The exact meaning of the term robot, even in today's technological age, is a matter of debate. The technical prowess makes the exact meaning elusive: Is it a manlike technical device or is it a person working mechanically, without original thoughts? The possibilities to determine the term seem rather broad and could encompass many modern devices from a cassette recorder to a Mars rover. There is however a widely accepted definition stated by the Robot Institute of America. It reads: “A robot is a programmable multifunctional manipulator designed to move material, parts, tools or specialized devices through variable programmed motions for the performance of a variety of tasks”.

There is a pending debate about whether the term can be applied to remotely operated devices, or solely to those devices which are controlled without any human intervention? The realization of a robot is not only the question of fantasy, but also the state of technology which nowadays seems to satisfy most of the criteria. The advance of the technology has prognosticated the coming of autonomous robots without any human intervention. There are some factory robots, programmed to do repetitive tasks monotonously in enormous factories and while they are autonomous within strict confines of their closed environment, the ability and degree of freedom to choose between existing or probable possibilities are restrained.

In the 1990s research was boosted by the need to resort to robots to address human safety in hazardous environments, to enhance the human operator ability and reduce the fatigue consumed or else by the desire to develop products with wide potential markets aimed at improving the quality of life. A common denominator of such application scenarios was the need to operate in a scarcely structured environment which ultimately requires increased abilities and a higher degree of autonomy. In this cases size, reliability and performance does matter. By the dawn of the millennium the maturity of the field and the advances in its related technologies finally seemed to ensure the adequate accessories, and robotics has undergone a major transformation in scope and dimension. From a largely dominant industrial focus, robotics has been rapidly expanding into the challenges of the human world. The new generation of robots is expected to safely and dependably co-habitat with humans in homes, workplaces and communities, providing support in services, entertainment, education, healthcare, manufacturing and assistance.

Beyond its impact on physical robots, the body of knowledge robotics has produced is revealing a much wider range of applications reaching across diverse research areas and scientific disciplines such as: biomechanics, sensors, neuroscience and virtual stimulation among in others.
Going Autonomous
It was mentioned time after time, but never given any proper phrase, what really an autonomous robot is. Referring to many definitions an autonomous robot is a machine that can perform desired tasks in unstructured environments; that can sense, learn from and interact with those environments and can integrate seamlessly into the day-to-day lives of humans. Nowadays these autonomous systems are gradually becoming a part of our life, such as an automatic vacuum cleaner and lawnmower.

According to some opinions an autonomous robot truly is as close as man can come to producing a living being. Make no mistake; a robot is a very primitive being, but an artificial being nonetheless.

Seeing the World as it is, or somehow alike...

The chance of getting from a point to another - missing any priory information about the environment - in a formerly unknown terrain without problems is smallish. We humans do this with the guidance of our sensory organs, such as eyesight, hearing, sense of feeling etc., processed and controlled by the brain and performed by the limbs using intuition, deduction and previously learned patterns, customs. Thus endowing an autonomous robot with these, or similar body parts, is a decent start.

Learning from the nature is a wise thing, as it has had millions of years for experimenting. Of course there could be situations, where new ideas would perform better, but (re)designing something that is proven is obviously the fastest way for achievement.

So an autonomous robot must have a range of sensors for discovering the environment and to perform the tasks and stay out of trouble etc. Having one kind of sensor could limit the chance of detecting various objects, or could reduce the dimensions of perception. For example an autonomous robot equipped only with photo resistors would react in some way of the change of the intensity of the light, but would bump into an obstacle or fall into a pit because it has never been told that there is an obstacle or a pit and has no chance to discover it without proper sensors. Like animals a robot could have also different kind of sensors and could combine the information gathered from them to provide a robust and complete description of an environment or a process of interest, this is called Multisensor Data Fusion.

Multisensor fusion systems have been applied to a wide variety of problems in robotics, but in most cases they are dynamic system control and environment modeling.

Dynamic System Control is to solve the problem to use appropriate models and sensors to control the state of a dynamic system. This system contains real time feedback loops for steering, acceleration and selection between some implemented forms of behavior. The usually used sensors are force and torque sensors, gyros, GPS modules, cameras, range finders etc.

Environment Modeling means the use of appropriate sensors to construct the whole or just some aspects of the physical environment. Typical sensors are cameras, radars, 3-D range finders, IR sensors etc. The result could be expressed as geometry, a feature or a physical property. Build up a map in an unknown environment, while keeping track at the same time is called Simultaneous Localization and Mapping (SLAM) technique. Doing the two tasks at the same time is an extremely complex task, so in a SLAM method uses iterative feedbacks between processes to enhance the results and reduce the errors and noises. Having a map during a movement process could, and generally will, simplify a path finding routine, but needs more memory included and will raise the computing time necessity.

For getting the best results the optimal sensor placement should be determined carefully. As seen a robot could have a wide variety of sensors � much wider than any known living thing could � and with a good set-up it could make a proper map of the surrounding. It is also important to choose the best sensors for the tasks, if you are building a robot to perform different tasks in different areas you should be really careful by choosing the best sensors depending upon which provides the most reliable data at the time.

But having just sensors would do nothing good for us, and neither for an autonomous robot. Somehow the collected sensor data is to organized and processed for further actions by a “brain”.

Collecting the signals or datas provided by the sensors is the easier part. It could be done through series of widespread gadgets, available on the market, such as microcontrollers, DSPs, some kind of an embedded computer or a PC connected via radio transceiver. Organizing and translating them into a language the robot understands is the difficult part. There is the question of making a map about the environment, and somehow store it for a future use, or just avoid objects, bumps, damages or something else you would not even think of. Therefore a robot must have some onboard � or connected via some radio transceiver, wire etc � intelligence, which could the crucial yet useless bits of information combine into whole and valuable ones.

...and Get Lost in It

The sensory organs were discussed before, now it is time to dig into the control system, which would determine the robot's behaviour. As mentioned above you could have many solutions. It is up to the designer to solve the storage of the incoming datas and the control program. I would just describe the normative tendencies, what an autonomous robot would, could or should do. Those are limited by the Artificial Intelligence (AI), a program written by the designer. An AI could be very complex and tremendous, therefore is should be divided into many parts. This section will neither demonstrate the AI, nor give any solution for the sufficient memory and computing needs for the robot to perform its task properly, but to describe the regular and necessary guidelines.
Degree of autonomy
The degree of autonomy the robot would have is an extremely important question to consider during designing our gadget. Would it be fully autonomous without any human intervention or would it be semi autonomous solving just the sub tasks independently?

A fully autonomous robot would perform all the tasks it is programmed for without any human intervention. A good example is an intelligent vacuum cleaner, which could have some modes to choose between, but no other options to change its behaviour. By switching it on the robot would explore the environment, make a map about it, optimize the task in possession of the gathered datas and then perform the task it is programmed for.

A good example for a semi automatic robot is the NASA rover on the mars. Due to the time delay of several minutes, the rovers are commanded using supervisory control, in which the human operator is defining the goal of a movement and the rover achieves the goal by local autonomy using sensory feedback directly.
Navigating, planning and deciding
So, the robot has to perform tasks in the chosen environment, which is evil, rotten and hostile as being unpredictable and the diversity and changing conditions know no limits. Even so the nature is filled with creatures capable of dealing with it, so cheer up, there is hope. Or there might be...

The creatures must take decisions and take actions based on the incomplete perception and limited knowledge about the world. There are three dominant trends programming a robot to perform their tasks in this environment. The first involves some previously stored information � such as a map previously made by the robot � the second one depends tightly on sensory inputs and the third combines the advantages of the two.
Deliberative � Think then Act
In deliberative control robot uses all of the available sensory information and all the internally stored knowledge to reason about what actions to take next. The control system is usually organized using a functional decomposition of the decision-making processes, consisting of a sensory processing module, a modeling module, a planning module, a value judgment module and an execution module. Reasoning in deliberative systems is typically in the form of planning, requiring a search of possible state-action sequences and their outcomes. Planning, a major component of artificial intelligence is known to be computationally complex process. The process requires the robot to perform a sequence of sense-plan-act steps (e.g. combine the sensory data into a map of the world, then use the planner to find a path in the map, then send steps of the plan to the robot wheels). The robot must construct and the potentially evaluate all possible plans until it finds one that enables it to reach its goal, solve the task or decide in a trajectory to execute. Planning requires the existence of an internal, symbolic representation of the world, which allows the robot to look ahead into the future and predict the outcomes of possible actions in various states, so as to generate plans. The internal model, thus, must be kept and accurate and up to date. When there is sufficient time to generate a plan and the world model is accurate, this approach allows the robot to act strategically, selecting the best course of action for given situations. However being situated in a noisy, dynamic world usually makes this impossible. Today no situated roots are purely deliberative. The advent of alternative architectures was driven by the need for faster yet appropriate action in response to the demands of complex and dynamically changing real-world environments.
Reactive � Don not think, (Re)Act
Reactive control is a technique for tightly coupling sensory inputs and effector outputs, typically involving no intervention reasoning to allow the robot to respond very quickly to changing and unstructured environments. Reactive control is inspired by the biological notion of stimulus-response, it does not require the acquisition or maintenance of world models as it does not rely on the types of complex reasoning processes utilized in deliberative control. Rather, rule-based methods involving a minimal amount of computation and no internal representations or knowledge of the world are typically used. Reactive systems achieve rapid real time responses by embedding the robot's controller on a collection of preprogrammed, concurrent condition-action rules with minimal internal stated (e.g. if bumped, stop; if stopped, back up) this makes reactive control especially well suited to dynamic and unstructured worlds where having access to a world model is not a realistic option. Furthermore, the minimal amount of computation involved means the reactive systems are able to respond in a timely manner to rapidly changing environments. Reactive control is a powerful and effective control method that abounds in nature; insects, which vastly outnumber vertebrates, are largely reactive. However, limitations to pure reactivity include the inability to store (much if any) information or have memory or internal representations of the world, and therefore the inability to learn and improve over time.

A simple device to represent the reactive kind of evolutionary devices is called Braitenberg vehicle. It was designed by Valentino Braitenberg to represent the evolutive way of a simple robot's abilities. It has primitive sensors and some wheels (each driven by a motor working as the effectors). Each sensor is directly attached to the effector, causing the sensed signal to immediately affect the motor. Altering the links between the sensors and effectors, the vehicle could represent many type of behavior. For example having to photo resistors and two motors could model a creature in fond of positive or negative photo taxis.
Hybrid � Think and Act concurrently
Hybrid control aims to combine the best aspects of reactive and deliberative control: the real-time response of reactivity and the rationality and optimality of deliberation. As a result, hybrid control systems contain two different components, the reactive/concurrent condition-action rules and the deliberative ones, which must interact in order to produce a coherent output. This is challenging because the reactive component deals with the robot's immediate needs, such as moving while avoiding obstacles, and thus operates on a very fast time scale and usesdirect external sensory data signals. In contrast the deliberative component uses highly abstracted, symbolic, internal representation of the world and operates on them on longer time scale, for example to perform global path planning or plan for high-level decision-making. As long as the outputs of the two components are not in conflict, the system requires no further coordination. However the two parts of the system must interact if they are to benefit from each other. Consequently, the reactive system must override the deliberative one if the world presents some unexpected and immediate challenge. Analogously the deliberative component must inform the reactive one in order to guide the robot toward more efficient and optimal trajectories and goals. The interaction of the two parts of the system requires an intermediate component, which reconciles the different representation used by the other two and any conflicts between their outputs. The construction of this intermediate component is typically the greatest challenge of hybrid system design.
Energy Autonomy
An autonomous robot still requires regular maintenance and some kind of external refuelling as any other machine does. There remains an extremely challenging issue to be solved, that of reproducing the energetic autonomy of the so-called living things and the way they manage to discover and exploit resources to supply their energy needs. This is called foraging, namely looking for food, which includes both energy and spare parts.

Many of the battery powered robots on the market today can find and connect themselves to a charging station to refuel.
Frankenstein, Terminator and Co.
The present technological state would not allow creating an artificial being compared to any human being in situation solving. The problems will occur, if we do not consider the diversities between the human brain and the robots central processing unit, considering the fact that a robot will solve the problems only by logical deductions and following preprogrammed patterns. The programs (AI), which do not lack any kind of intuitions, are so massive by their size and the “intuitions” are so static and topic specific, that could not compete with the intuitive problem solving ability of the Homo Sapiens'.

The problem roots in the lack of intuitions, knowledge base, or the knowledge about knowledge (what we know about others know). Getting into an environment where the AI has to deal with a huge amount of uncertain and incomplete information would make the required amount of memory and computing time colossal.

The solution nature has evolved to difficult engineering problems seems to be far beyond the present day engineering capabilities. Therefore, when engineers are unable to reproduce the functionalities of some desired parts embodied in a living creature, they may try to integrate the corresponding biological component into a so-called biohybrid robot, thus physically using biology to augment technology.
