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Autonomous mobile manipulation in human environments is a field that a can be used to help supplement disabled individuals.  It is common for patients who have disabilities to have difficulty doing simple task such as picking an object off the floor or removing it from a shelf.  This is where EL-E comes in to help.  EL-E is a robot that is designed to operate in different environments and help with such tasks.  EL-E does not base its behaviors and movements on pre loaded models of its environment but rather builds its own models with information relevant to the task it is working on.  EL-E does not need complete maps of its environment, nor all the geometrical information before it can begin task allowing for it to start a new task in a new environment very fast.  This is achieved using a tilting laser that does not scan the whole room but instead only scans and generates a point cloud for the volume of interest.  EL-E is propelled by an ERRATIC drive system with upgraded larger motors.  The ERRATIC systems is a three wheel design, where two wheels are driver wheels and the third is a caster and is used primarily to insure the static and dynamic stability of EL-E.  There are three primary sensor systems on EL-E.  First is a omni-directional camera with a green filter which allows EL-E to view the green laser dot projected by a user, and determine its Location in 3D space.  The Second sensor system is a sweeping laser range finder, similar to that on board the PR-2 by Willow Garage.  The last primary sensor is the 6 axis force sensors located in EL-E’s fingers.  EL-E can pick up and set down objects, however, it can only do so on flat surfaces.  In order for EL-E to pick something up first the user or patient must shine the green laser beam onto the object.  EL-E finds the point where the beam meets the desired object and maneuvers its self to about 0.5meters in front of the object.  EL-E then scans the area and makes a point cloud of the object and the surface.  It then grasps the object in a loop process, first grasping, then lifting, then grasping slightly harder, continuing to loop tell the object has been lifted.  If the object is attached to the surface the force sensors will report this and EL-E will stop trying to lift the object.  If the laser sweep indicates that the surface is not level with respect to gravity then the robot will return to an idle state and not try to pick up the object.  Not only can EL-E pick objects off of surfaces such as table but it can also pick things off the floor using a similar process.  To place an object EL-E once again goes to a user specified location, using the green laser, then scans the area.  Once it has a model of the area it will start lowering the object tell it feels a 2N force in the vertical direction, which indicates the object is in contact with the surface.  To prevent the object from falling off a surface EL-E will insure the user selected location is more than 10 cm from the edge of the surface, and if the user selected location is less than that 10 cm EL-E will modify the location that it will set down the object so that is more than that distance from the edge.  Because when navigating a room there are important external influences out side of the volume of interest, EL-E will raise its laser range finder to 90 cm above the ground and continuously sweep the area in front of it so that it does not collide with objects such as chairs.  
EL-E was tested using two different objects, a pill and a cordless phone, on 12 different surfaces.  100% of the time it was able to navigate and pick up the phone, however only 58% of the time was it able to pick up the pill.  The lower success rate for the pill was due to the algorithm not being able to segregate the pill from the table surface when it was scanned.  A survey was completed in order to determine what the most common objects were that patients would like EL-E to assist with.  This list was compiled with 25 critical objects such as mail, a tooth brush, and medicine.  EL-E was able to pick up and place the objects with high levels of success, almost a perfect success rate for overhead grasping of objects.  Three different factors were found to lead to failure in EL-E’s tasks.  First was material properties of the surface of the object.  It was found that often with shiny surfaces, such as a fork, that the laser range finder was not able to accurately determine where the object was and in turn was not able to locate and retrieve it.  Geometric properties also posed a problem.  Small, flat, and then objects often did not show up in the point cloud depending on the surfaces that they were located on. Clutter posed the last major problem for EL-E.  When two objects are located to closely together EL-E is not able to see that it is two objects and instead identifies them as one object.  Although EL-E is by no means perfect, it is a huge leap forward in the field of personal robotics that can be used for disabled individuals.  
