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Abstract:-
       According to customary definitions, the term ‘Autonomous Agents’ refers to agents capable of operating in their respective environment with little or no external control.The aforementined category spans a broad array of entities including autonomous robots, biological systems etc.The issues involving aspects related to the design of autonomous robots has been receiving significant  attention at research labs around the globe.Autonomous systems could aid human endeavours in a plethora of ways ranging from performing mundane tasks to Robonauts sent to explore distant Space.This paper is primarily intended as an introduction to pertinent notions,examples and some ongoing research .
So,What kind of autonomy ?


A refinement of the aforesaid general definition conceives systems featuring drastic enhancement in the level of control or human intervention required.Putting the ontology point of view aside,robotic lawn rovers,humanoids NASA’s Mars rovers etc. are typical examples of such systems.Although not absolutely autonomous,such robots display certain traits characteristic of biological systems.Autonomy ,thus from the point of view  of contemporary implementations in the areas of Artificial Intelligence or Robotics research shall have a slightly different interpretation.We are talking of systems that are designed to learn,interact and evolve,however there are miles to go before living organisms get jealous.  

The autonomous systems created by humans are inherently goal-based agents and as such the ultimate motive behind their development may not be subject to their decision.This is not to say that androids like those from science fiction, apparently as capable as humans aren’t receiving much attention.A few decades hence(few = ???) we could witness robotic colonies,societies and ‘equal rights for humans and robots’ and given the state of affairs here in India, they could be granted reservations for govt. jobs.
Motivations:


The current research deals heavily with observation of biological systems and considers ways to emulate the same.It shall be truly advantageous to have robotic insects capable of spying terrorists’ activties,humanoids capable of being brought in to replace injured players,swarm robots that could maneouvre through potentially risky terrain and collaborate to collect information etc. with eveything happening with the least possible or negligible intervention of human operators.We’d need that robots be capable of repairing themselves or being able to learn how to act inspite of damage and to adjust their plans according to changes in the environment or circumstances.How about autonomous vehicles with reflexes significantly faster than that of humans-one can drink and occupy the driver’s seat.Autonomous agents in cyberspace include web-crawlers,worms and numerous ‘intelligent’ pieces of code that aid human activity.  
Concepts and Notions
1.DOF or Degrees Of  Freedom corresponding to each direction in which a robot or one  
   of its effectors can move.Robots with more degrees of freedom than required are 
   categorized as redundant.Another classification regards robots/manipulators as 
   holonomic or non-holonomic depending on whether the no. of controllable degrees of 
   freedom are equal to or less than the actual respectively.
2.Sensors and Perception:-Sensors as the term suggests allow the agent to perceive      
   various attributes of the environment.Sensor varieties correspond to the five basic  

   senses of living organisms.Exteroceptive sensors are used to obtain information 

   regarding the external environment while proprioceptive sensors inform the agent of its 

   own state.Robot hardware frequently includes short range sensors such as Tactile 

   sensors which are associated with haptic capabilities while those that need to track long 

   range environmental attributes are aided with GPS receivers.A recent example of such 

   autonomous agents are the vehicles featured in the 2005 DARPA Grand challenge(  a 

   competition that featured some really exquisite examples of  autonomous robot 

   engineering).Mobile robots employ SLAM(Simultaneous Localization And Mapping)

   techniques to build a map of the environment and to assess their position which 
   involves dealing with spatial uncertainty and noise.The following techniques are widely 
   employed for dealing with perception related issues:-

(i)Kalman Filters:-Kalman filters are recursive estimators which estimate the state of a dynamic system from a series of incomplete and noisy measurements.According to the assumtions of this method,each next state is given by a function of the previous state plus some Gaussian noise.The Gaussian distribution is given by
                      P(x) = (1/σ√2π)e-(x-μ)^2/(2σ)^2                                                            
The above Linear Gaussian can be replaced by a multivariate Gaussian distribution for n variables with a mean vector μ  and a covariance matrix ∑.Kalman filters find applications in radar systems and satellite navigation systems and of course computer vision.
(ii) Monte-Carlo Localization:-Monte-Carlo Localization uses a filtering algorithm which operates on  a large number of hypothetical current configurations initially randomly scattered in configuration space.The assessment is done using statistical methods aided by Bayesian approaches and sensor data.
3.The Behavioural approach to Robotics:-The behavioural approach differs from the early ideas of classical AI in that the attitude towards building intelligent agents is inherently pragmatic and the emphasis is placed on whether robots can act rationally instead of whether they exhibit human-like intelligence.Emanating from the observations that the latter proved insufficient to tackle many real-world issues inspite of  the elegant implementations adopted,the behavioural approach gained appreciable support from leading researchers around the world.

Behavioural robotics is characterized by reactive strategies of stimulus and response as opposed to deliberative strategies and tries to borrow heavily from the behaviour of biological systems in their respective environments rather than trying to model how biological systems operate on symbolic information internally.
Software architectures for Robotics

The Subsumption Architecture(Brooks 1986) provides a method to decompose complicated behaviours into simpler ones,the latter in turn organized into layers.This allows working in a bottom-up fashion such that higher layers present an aggregated form of the lower counterparts.Consider a humanoid with a controller featuring subsumptive programming,a fuction such as displacing an object is a comparatively higher level task which may involve actions such as orienting the view,identifying the object and subsequent orientation of the actuators at the lower layers.However,since the lower layers depend on raw sensor data,such an arrangement may turn out to be inefficacious if the former does not carry enough information for decision making. 

Three layer architecture is a hybrid architecture that comprises of a reactive layer, an executive layer and a deliberative layer.
The reactive layer is meant for low level control and features immediate actions being taken on the basis of  sensor data,something analogous to how biological systems respond to stimulus. 
The executive layer performs the intermediate functions that are required for information flow between the reactive and the deliberate layer.A typical generalization of some of its functions shall be aggregation of  the sensor information gathered from the reactive layer or inferences drawn out from the same being presented to the deliberate layer or alternatively instructing the reactive layer to choose the desired behaviour  depending upon the inputs from the deliberate layer.
The Robotic Soccer:-


The famed robotic soccer is a competition that features the efforts of some of the leading researchers at the various US universities.The competition comprises of soccer matches between teams of autonomous robots each utilizing a common hardware platform; SONY’s  AIBO  as of now.According to experts,the complex strategies and movements that robotic soccer demands of the participating machines offers a great opportunity for pertinent studies as well as insights into what could be done to develop analogous behaviours in robots and needless to say, this competition  has been particularly successful in luring students’ efforts.

The pecularities of multi-agent systems,adversarial environments,co-operative planning, inter-agent communication,machine vision etc. ,Robotic Soccer has it all.
Biomimetics,Robotic insects and Swarms:-


Biomimetics refers to the methodology of trying to mimic the characteristics of biological models.Researchers at GeorgiaTech,Caltech etc.have been trying to model robotic insects that could prove useful as spying machines or could display preying characteristics as some of their biological counterparts do.
The notion of robotic swarms arose from the observations involving activities of creatures such as ants,termites and bees that operate in swarms.It has been learnt that a group of well-coordinated communicating robots can provide results that some ultra sophisticated individual robots may fail to.Current research primarily focusses on creating swarms of  autonomous vehicles that could negotiate in order to plan and act and it is predicted that these shall prove better in missions such as locating landmines or exploring terrain such as the Mars surface.   
A look Around:-
MIT  
 Cog is as robot touted to possess significant cognitive abilities.It featurs a humanoid torso and is inspired by the concept of Embodied AI according to which 

“the form of our bodies is critical to the representations that we develop and use for both our internal thought (whatever that might mean...) and our language”(as the project website quotes).Researchers have also argued(rightly) that a human like robot can be used to study the effect of interactions with other humans on an individual,it being one of the pivotal factors in development.

Macaco:-This biologically inspired robot at MIT  shall resemble a dog and a monkey at the earlier and the latter stages of its development respectively. It shall consist of an active vision head designed at MIT  CSAIL
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NASA

Succeeding the Pathfinder(1996) and Mars Exploration Rover(2003) shall be Phoenix(2007) and MSL(2009).

Phoenix is supposed to collect samples of comples organic substances,soil and water-ice samples from the Martian surface and shall include a robotic arm that’d be able to dig the surface and pick up material.
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MSL or Mars Science Laboratory shall be capable of performing it’s predecessors’ functions as well as observe the weather and radiation.The MSL,however has much more to it than can be squeezed here.Interested readers may want to visit the NASA JPL website and the MSL project page. 
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