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The idea of a General Concept of Intelligence:

In order to build an artificial intelligence, it must be built as human-like as possible. Without basic human 'ingredients', the resulting mind might not even be recognized as such. This boils down to the feeling that the goal is to build a mere copy of the human mind. Why on earth, one might wonder, would anybody want to build a copy of the human mind? Isn't the original working fine? Isn't it superior to everything known? Isn't one's mind the most difficult thing to be examined by itself? What would be the use of such an artificial mind that would need even more artificial means, only to stay human-like?
          

The only logical solution to this is to completely separate human from artificial intelligence, in order to build something entirely new.
This naturally leads to the idea of a higher principle of Intelligence, that human intelligence is only one manifestation. Another one would be artificial intelligence, and another one still the intelligence developed on a planet many lightyears from here. Considering these, how should a mind that is the result of evolution on an entirely different planet be similar to ours in any way? There must be similarities, but on a higher level: on the level of Intelligence.
           

In that hierarchy, AI is on the same level as human intelligence, together with animal intelligence and any other kind of intelligence that one might encounter. The following figure illustrates this:


What is Artificial Intelligence  ?

Although there is no clear definition of AI (not even of intelligence), it can be described as the attempt to build machines that think and act like humans, that are able to learn and to use their knowledge to solve problems on their own.

Some Definations of artificial intelligence (AI), organized into four categories:

Systems that think like humans 


The exciting new effort to make computers think… machines with minds, in the full and literal sense.


The automation of activates that we associate with human thinking, activities such as decision making, problem solving, and learning.

Systems that act like humans 


The art of creating machines that perform functions, that require intelligence when perform by people. 


The study of how to make computers do thinks at which, at the moment, people are better.

Systems that think rationally 


The study of mental faculties through the use of computational models.


The study of computations that make it possible perceive, reason and act.

Systems that act rationally


Computational intelligence is the study of the design of intelligent agents. 


AI… is concern with intelligent behaviour in artifacts.

In general, Artificial Intelligence is the study of how to make computers do things, which, at the moment, people do better. Artificial Intelligence is a branch of Science, which deals with helping machines, finds solutions to complex problems in a more human-like fashion. This generally involves borrowing characteristics from human intelligence, and applying them as algorithms in a computer friendly way. A more or less flexible or efficient approach can be taken depending on the requirements established, which influences how artificial the intelligent behaviour appears
AI is generally associated with Computer Science, but it has many important links with other fields such as Maths, Psychology, Cognition, Biology and Philosophy, among many others. Our ability to combine knowledge from all these fields will ultimately benefit our progress in the quest of creating an intelligent artificial being.

Applications of AI  :


Some main applications of AI are as follows:

game playing 

You can buy machines that can play master level chess. There is some AI in them, but they play well against people mainly through brute force computation--looking at hundreds of thousands of positions. To beat a world champion by brute force and known reliable heuristics requires being able to look at 200 million positions per second. 

speech recognition 

In the 1990s, computer speech recognition reached a practical level for limited purposes. Thus United Airlines has replaced its keyboard tree for flight information by a system using speech recognition of flight numbers and city names. It is quite convenient. On the the other hand, while it is possible to instruct some computers using speech, most users have gone back to the keyboard and the mouse as still more convenient. 

expert systems 

A ``knowledge engineer'' interviews experts in a certain domain and tries to embody their knowledge in a computer program for carrying out some task. How well this works depends on whether the intellectual mechanisms required for the task are within the present state of AI. When this turned out not to be so, there were many disappointing results. One of the first expert systems was MYCIN in 1974, which diagnosed bacterial infections of the blood and suggested treatments. It did better than medical students or practicing doctors, provided its limitations were observed. Namely, its ontology included bacteria, symptoms, and treatments and did not include patients, doctors, hospitals, death, recovery, and events occurring in time. Its interactions depended on a single patient being considered. Since the experts consulted by the knowledge engineers knew about patients, doctors, death, recovery, etc., it is clear that the knowledge engineers forced 

what the experts told them into a predetermined framework. In the present state of AI, this has to be true. The usefulness of current expert systems depends on their users having common sense. 

computer vision 

The world is composed of three-dimensional objects, but the inputs to the human eye and computers' TV cameras are two dimensional. Some useful programs can work solely in two dimensions, but full computer vision requires partial three-dimensional information that is not just a set of two-dimensional views. At present there are only limited ways of representing three-dimensional information directly, and they are not as good as what humans evidently use. 

understanding natural language 

Just getting a sequence of words into a computer is not enough. Parsing sentences is not enough either. The computer has to be provided with an understanding of the domain the text is about, and this is presently possible only for very limited domains.

robotics

In contrast to AI efforts of emulating human mental abilities; robotics are engineering attempts to duplicate the physical attributes of humans. Robots are electomechanical machines that are programmable and perform manipulative tasks. These tasks range from delicate to heavy duty. The typical robot is a manipulator arm used in manufacturing to weld, paint, insert screws, lift, and move parts.

heuristic classification 

One of the most feasible kinds of expert system given the present knowledge of AI is to put some information in one of a fixed set of categories using several sources of information. An example is advising whether to accept a proposed credit card purchase. Information is available about the owner of the credit card, his record of payment and also about the item he is buying and about the establishment from which he is buying it.

AI and Robotics:


The objective of AI application is to enable computers to process information, gain knowledge, and understand their environment. Although research continues in the area of machine intelligence, several other branches of AI research have received attention and experienced varying levels of success. These areas include expert systems, communication with computers using human languages such as English, rather than C or FORTRAN; speech recognition; computer vision; robotics; and other endeavors.

The word "robot' was coined by Karel Capek who wrote a play entitled "R.U.R." or "Rossum's Universal Robots" back in 1921. The base for this word comes from the Czech word 'robotnik' which means 'worker'. In his play, machines modeled after humans had great power but without common human failings. In the end these machines were used for war and eventually turned against their human creators. For the most part, the word "Robot" today means any man-made machine that can perform work or other actions normally performed by humans

Robots are physical agents that perform tasks by manipulating the physical world. To do so, they are equipped with effectors such as legs, wheels, joints, and grippers. Effectors have a single purpose: to assert physical forces on the environment. Robots are also equipped with sensors, which allow them to perceive their environment. Most robots today are used in factories to build products such as cars and electronics. Others are used to explore underwater and even on other planets. Robots have 3 main components: 

· Brain - usually a computer 

· Actuators and mechanical parts - motors, pistons, grippers, wheels, gears 

· Sensors - vision, sound, temperature, motion, light, touch, etc. 

With these three components, robots can interact and affect their environment to become useful. 

Robotic Perception:


We perceive our environment through many channels : sight, sound, touch, smell, taste. Many animals possess these same perceptual capabilities, and others are able to monitor entirely different channels. Robots, too, can process visual and auditory information, and they can also be equipped with more exotic sensors, such as laser rangefinders, speedometers, and radar.


Perception is the process by which robots map sensors measurements into internal representations of the environment. Perception is difficult because in general the sensors are noisy, and the environment is partially observable, unpredictable, and often dynamic. As a rule of thumb, good internal representation has three properties: they contain enough information for the robot to make the right decisions, they are structured such that can be updated efficiently, and they are natural in the sense that internal variables correspond to natural state variables in the physical world.


Two extremely important sensory channels for humans are vision and spoken language. It is through these two faculties that we gather almost all of the knowledge that drives our problem- solving behaviours.

VISION


Accurate machine vision opens up a new realm of computer applications. These applications include mobile robot navigation, complex manufacturing tasks, analysis of satellite images, and medical image processing.  


A video camera provides a computer with an image represented as a two-dimensional grid of intensity levels. Each grid element, or pixel, may store a single bit of information or many bits. A visual image is composed of thousands of pixels. What kinds of things might we want to do with such an image ? Here are four operations, in order of increasing complexity :

1. Singal processing :  enhancing the image, either for human consumption or as input to another program.

2. Measurement Analysis :  for images containing a single object, determining the two-dimensional extent of the object depicted.

3. Pattern Recognition :  For single-object images, classifying the object into a category drawn from a finite set of possibilities. 

4. Image Understanding  :   For images containing many objects, locating the objects in the image, classifying them, and building a three-dimensional model of the scene.

It is possible to classify two-dimensional objects, such as machine parts coming down a conveyor belt, but classifying 3-d objects is harder because of the larger number of possible orientations for each object. Image understanding is the most difficult visual task, and it has been the subject of the most study in AI.

2-D images are highly ambiguous. Given a single image, we could construct any number of 3-D words that would give rise to the image. High-level knowledge is also important for interpreting visual data.

Speech Recognition :


Natural language understanding systems usually accept typed input, but for a number of applications this is not acceptable. Spoken language is more natural form of communication in many human computer interfaces.  Speech recognition system have been available for sometime but their limitations have prevented widespread use.  Below are five major design issues in speech system:

Speaker Dependence versus Speaker Independence - A speaker independent system can listen to any speaker and translate the sound into the written text. Speaker independent is hard to achieve, while speaker dependence system is easier to build, which can be trained on the voice patterns of a single speaker.

Continuous versus Isolated Word Speech - Interpreting isolated word speech, in which the speaker pauses between each word, is easier than interpreting continuous speech.

Real Time versus Of-Line Processing  - Highly interactive applications require that a sentence be translated into text as it is being spoken, while in other situation, it is permissible to spend minutes in computation. Real-Time speeds are hard to achieve, especially when higher-level knowledge is involved. 

Large versus Small vocabulary  - Recognition utterances that are confined to small vocabularies (e.g. 20 words) is easier than working with large vocabularies (e.g. 20000 words). 

Broad versus Narrow Grammar - The narrow the grammar is , the smaller speech space for recognition will be.  An example of narrow grammar is one for phone numbers: S->XXX-XXXX where X is any number between 0 and 9.  
Robotic Action :
Mobility and intelligence seem to have evolved together. Immobile creature have little use for intelligence, while it is intelligence that puts mobility to effective use.

Navigation:


Navigation means moving around the world : planning routes, reaching desired destinations without bumping into things, and so forth. Navigational problems are surprisingly complex. For e.g. suppose that there are obstacles in the robots path , as shown in below figure a. The problem of path planning is to plot a continuous set of points connecting the initial position of the robots to its desired position. If  the robot is so small as to be considered a point, the problem can be solved straightforwardly by constructing a visibility graph , which is shown below figure b. 
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  Figure a: 




      Figure b:

A path-planning problem

          Constructing of visibility graph

Road following is another navigational task that has received a great deal of attention. The object of road following is to steer a moving vehicle so that its stays centered on a road and avoids obstacles. Much of the problem comes in locating the  edges of the road despite varying light, weather and ground condition. At present , this control task is feasible only for fairly slow-moving vehicles.    

Manipulation:


Robot manipulators, are able to perform simple repetitive tasks, such as bolting and fitting automobile parts, but this robots are highly task specific. A manipulator is composed of series of links and joints, usually terminating in an end-effector, which can take the form of a two-pronged gripper, a humanlike hand , or any of  variety of tool. One general manipulation problem is called pick-and-place in which a robot must grasp and object and move it to a specific location. For e.g. consider below figure, where the goal is to place a peg in a hole. 










Figure : Pick-and-Place Task


As shown in figure some form  of path planning can be used to move the arm towards the object, in fine motion which is grasp itself. After the object is stably grasped, the robot must place it in specific location. So in our e.g. peg is stably grasped and placed it in the hole.

Why Use Robotics?

With everything that can go wrong with robotics and the complexity involved there may be a point where a human EVA would be a better alternative.  In this situation there are several areas that should be considered.  The first of these is safety of the crew.  When an EVA is done the safety of the crew is at a much larger risk than it would be if a robot did the task, a robot is much easier to fix than a human being.  The second consideration is wear and tear on suits.  The more EVAs are done the more wear the suit is subjected too.  This has two repercussions the first is that more time and resources must be allocated to repairing the suits.  The second is the higher risk of a suit failing outside due to the higher amount of use the suits will be seeing.  One last consideration is that robots are good for repetitive activities especially in a hazardous environment.  EVAS for repetitive tasks are more dangerous due to the fact the astronauts get accustomed to the task and will start cutting corners and getting sloppy with the task.  This increases the danger of the task and puts the astronaut at greater risk.  

Law of Robotics:

Popular science fiction writer lsaac Asimov created the Three Laws of Robotics: 

1
A robot must not injure a human being or, through inaction, allow a human being to come to harm. 

2 
A robot must always obey orders given to it by a human being, except where I would conflict with the first law. 

3 
A robot must protect it's own existence, except where it would conflict with the first or second law. 

Categories  Of  Robotics  :

Most of Today’s robots fall into one of three primary categories:

I. Manipulators or Robot Arms.

II. Mobile Robot.

III. Hybrid or Humaniod Robots.

Manipulators, or robot arms, are physically anchored to their workplace, for example in a factory assembly line or on the International Space Station. Manipulator motion usually involves an entire chain of controllable joints, enabling such robots to place their effectors in any position within workplace. Manipulators are by far the most common type of industrial robots, with over a million units installed worldwide. Some mobile manipulators are used in hospitals to assist surgeons. Few car manufacturers could survive without robotic manipulators, and some manipulators have even been used to generate original artwork.

The second Category is the mobile robot. Mobile robots move about their environment using wheels, legs, or similar mechanisms. They have been put to use delivering food in hospitals, moving containers at loading docks, and similar tasks. Earlier we encountered an example of a mobile robot : the NAVLAB unmanned land vehicle (ULV) capable of include unmanned air vehicles (UAV), commonly used for surveillance, crop-spraying, and military operations, autonomous underwater vehicles(AUV), used in deep sea exploration, and  planetary rovers.

The third type is a hybrid: a mobile robot equipped with manipulators. These include the humanoid robot, whose physical design mimics the human torso. Hybrid can apply their effectors further afield than anchored manipulators can, but their task is made harder because they don’t have the rigidity that the anchor provides.

Robotics & Automation Systems & Interfaces:

Due to the harsh conditions on the Martian surface and the many time consuming and monotonous task, robotics and automation will play a vital role in habitat operations. The robotics and automation subsystem is responsible for designing the automated systems and interfaces that are outside of the scope of other subsystems. The Robotics and Automation subsystem is also responsible for designing the interfaces between all robotics systems and the habitat. The habitats robotic systems have a major role in the development of infrastructure elements of the habitat and habitat operations, including site analysis, habitat assembly, instrument deployment, and scientific investigation.

 

Figure - Input/output diagram for Robotics and Automation

The input/output diagram for the Robotics and Automation subsystem, figure, is a relatively simple one.  Most of the subsystems interaction is with C3, these communications allow for control of the automated systems.  There is also an exchange of audio data with EVAS, so that the rovers can communicate with crewmembers out on EVA.  The last connection with Robotics and Automation is to the Thermal and Power subsystems, for the removal of heat and a power transfer for recharging of the rovers and the automated systems
Design and Assumptions:

The main robotic systems that will be required for habitat operations are three different types of rovers, including: the small scientific rover, the local unpressurized rover, and the large pressurized rover. It should be noted however, that the Robotics and Automation subsystem was not responsible for the design of these systems due the fact that the scope of the project was the design of the habitat and these system fall outside of that.  So what will be covered are the requirements for the rovers driven by habitat operations and the interfaces between the rovers and the habitat.

Small Scientific Rover

Two small scientific rovers, shown in below Figure will be used mainly for exploration. These rovers will be autonomous a majority of the time, but will have the capabilities to perform tele-robotic operations, with the controller stationed in a shirtsleeve environment. Also, the rover will be capable of self- recharging through solar panels.


Figure - MER rover, close to the expected rovers that will be used

This type of rover will be required to: deploy scientific instruments, collect and return samples from the Martian surface, determine safe routes for crew travel, and act as a communications relay in contingency situations.  The interface between these rovers and the habitat will be minimal.  Only data will be transferred to and from the habitat.  The data will consist of telemetry, audio and video, and any other necessary data from the rover’s scientific instruments.  

Local Unpressurized Rover

The cargo carrier will also be bringing one local unpressurized rover (LUR), shown in below Figure.  This rover will be required to provide local transport, around 100 km from the habitat, for the EVA crews and EVA tools.   The LUR will also be required to operate for 10 hours, with the charge/discharge cycle being under one day.  This type of rover will have two interfaces with the habitat, exchanging both power and data.  The power will be transferred via a direct connection, with the outlet positioned on the outside of the habitat, and the inlet connection placed on the outside of the rover.  The rover will also be sending and receiving audio and relaying telemetry information to and from the habitat.


Figure - Conceptual Local Unpressurized Rover

Large Pressurized Rover

The final rover to be covered is the Large Pressurized Rover (LPR).  Two LPRs will be brought to the surface on the first cargo carrier. The LPRs will have a few critical responsibilities that must be carried out before the first crew arrives, including: site preparation, moving, deploying, and inspecting the habitat’s infrastructure, and connection and inspection of the power plant. This will be done with 2 mechanical arms, shown in below Figure,  and a powerful locomotive system.  With all of these task being performed with out the assistance of EVA crews, the LPR will be able to be fully automated, but will also have tele-robotic capabilities.  The LPR will interface with the habitat directly, though this is mostly for EVAS concerns.  Other interfaces will involve the transfer of data, including telemetry, audio, and video.  


Figure - Conceptual Mechanical Arm for the LPR

Small Rover Sizing

The small rover’s power requirements were sized using from the Mars Exploration Rover using a power to weight ratio.  The MER uses .1 kW and weighs 180 kg and the small rover is sized at 440 kg from the DRM.  This results in .244 kW of power for the small rover.  A 25% safety factor was then added to this for a total of .3 kW.


Medium Rover Sizing

The medium rover’s power requirements were calculated using the same method except with the large pressurized rover as a reference.  The large rover was allocated 10 kW from the DRM and weighs 15.5 metric tons.  Using these numbers, the power for the medium rover was calculated to be 2.8 kW.  However, a certain percentage of this power is used for life support systems on the pressurized rover and does not need to be incorporated into the power requirements for the medium rover, which does not need to support any life support systems.   In order to account for this, the power requirement was reduced by 30%.  A 25% safety factor is still factored in though for a total of 2.5 kW.


Large Rover and Arm

The power requirements and the weight of the large pressurized rover were both specified in the DRM at 15.5 metric tons and a 10 kW power requirement.  A significant portion of this power will be used to power the two arms on this rover.  The exact power requirements on these arms are difficult to size due to tasks needing to be specified.  Existing arms such as the ones on the ISS use 2000 W at peak power but also operate in a zero g environment.  However this arm is also able to move the entire orbiter at slow rates.  It is likely that the arms on the pressurized rover will use similar power, based on the total power of the large rover.  An initial estimate of the power for these arms is 2.5 kW, based on Mars gravity and max loads of moving the airlocks and reorienting the habitat. 


Sizing of Leveling and Radiator Deployment Systems

For the tasks of initial leveling of the habitat and radiator deployment, research was conducted on existing commercial off the shelf technology for mass, power and volume estimates.  The initial leveling of the habitat will require 12 linear actuators with two on each of the six legs for redundancy purposes.  The actuators have 720 mm of travel and can produce a total force of 50000 N.  Their mass is 60 kg each for a total mass of 720 and they use 35 watts each.  Any increase in the amount of travel will result in a slight increase in mass.  For deployment of the radiator panels, 8 total actuators will be used with 2 on each of the panels.  The actuators have 1 m of travel and produce 7500 N of force.  Their mass is 9 kg each for a total mass of 72 kg and each uses 5 watts of power. 

Automated Systems

The following are examples of items that will also be automated on the habitat.  Similar actuators, motors, and servos will be incorporated and sized based on the size of the task.

· Automated doors in case of depressurization

· Deployment of communications hardware

· External monitoring equipment

· Deployment of radiator panels

· Leveling of habitat

· Compaction of waste

· Deploy airlock

· Connection of power plant to habitat and ISRU

· Connect ISRU to habitat

· Inspection and necessary maintenance of habitat and ISRU

· Assumptions – small automated processes such as gas regulation will be taken care of by their subsystem

Advantage of Robotics :

The advantages are obvious - robots can do things we humans just don't want to do, and usually do it cheaper. Also, robots can do unsafe jobs like monitor a nuclear power plant or explore a volcano. Robots can do things more precise than humans and allow progress in medical science and other useful advances. Robots are especially good and boring repetitive tasks such as making circuit boards or dispensing glue on parts
Limitations of AI :

To date, all the traits of human intelligence have not been captured and applied together to spawn an intelligent artificial creature. Currently, Artificial Intelligence rather seems to focus on lucrative domain specific applications, which do not necessarily require the full extent of AI capabilities. This limit of machine intelligence is known to researchers as narrow intelligence.

There is little doubt among the community that artificial machines will be capable of intelligent thought in the near future. It's just a question of what and when... The machines may be pure silicon, quantum computers or hybrid combinations of manufactured components and neural tissue. As for the date, expect great things to happen within this century!

References:

Books:
Artificial Intelligence


- Elaine Rich

- Kevin Knight


Artificial Intelligence a Modern Approach



- Stuart Russell



- Peter Norving


Artificial Intelligence



- Patrick Henory Winston

Web Sites:


www.robotics.com

www-formal.Stanford.edu


www.ai-depot.com

























PAGE  

