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Overview:

The goal of this project is to use one of the Soccerbot Plus (SBP) robots owned by Southern Illinois University to control a Vectron® Blackhawk Flying Saucer (VBFS) in a hover mode.  This will be accomplished by using the SBP’s integrated video camera to watch for the position of a ball mounted on the VBFS.  The SBP will drive three servomotors connected to both of the joysticks on the controller of the VBFS.  The purpose of this project is merely for pure science however if successful, it could be implemented in the design of future hovering toys, or it could potentially have military applications as well (i.e. reconnaissance).  

Background:

Of course hovering machines already exist but there are two main problems in control.  If the machine is human controlled, the operator is severely tasked.  Almost all of the concentration is devoted to keeping the aircraft flying.  There is no time to devote to taking pictures or much of anything else.  On the other hand, if the machine is autonomously controlled, then the hardware, usually GPS information fed to a micro controller must be on board.  This is very costly in weight considerations.  An autonomously hovering toy or a soldier's personal mini reconnaissance aircraft would have to be made quite a bit larger to compensate for even the smallest increase in weight.  This leads to the idea of a control system not on board.  If the control is not on board, and control will be acquired by means of computer vision, then an appropriate reference point is needed.  This will be a lightweight ball mounted on the aircraft.  There has been much work in detecting spheres as is evident in the soccer playing application of the SBP [1] and also in reconnaissance work [2].  The author does not know whether this approach of detecting a sphere on a flying craft has been attempted or whether there will be a fast enough sampling time possible for real time control, but it seems as if the approach is a sound one.  

Materials and Methods:

The main components of the project are the Vectron® Blackhawk Flying Saucer aircraft, its controller, and power converter - all are in the Vectron® Blackhawk Flying Saucer toy package.  There is also the Soccerbot Plus, three standard Futaba servos connected to the joysticks on the VBFS controller via a Lego based universal joint assembly, and a frame constructed from 1/2" PVC pipe joints.  There will be a whiffle ball or some fairly light plastic sphere connected to the VBFS aircraft as a reference point.  There may also be a large flashlight mounted on the controller assembly shining directly on the flying craft to avoid the problem of a gradient angle of an illuminated sphere from a point source off axis from the viewing axis [2].  The program will essentially scan the viewfinder's image and look for the approximate color of the ball.  The ball will be of a unique color in the field of view and the center of the area will be determined as the center of the ball.  The size of the area is directly related to the distance.  The program will tell the servos to make appropriate corrections so as to make the center of the area to be the same as the center on the field of view.  Also the area will be similarly regulated.  Thus the craft should theoretically remain in one hovering location.  A picture of the whole concept is shown below in figure 1.
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Figure 1
Objectives and Strategy:

As this is a fairly complicated mechanical as well as computer programming problem, the approach was to concentrate on the hardware first by acquiring and getting familiar with the SBP and its downloading software within the first two weeks and to design and build the mechanical linkages that control the one and two axis joysticks on the VBFS controller.  The design of the sphere and the assembly that holds the sphere was also considered in the first two weeks.  At first, there were many ideas as to the design of the reference object and what kind of information that it would provide.  The information that a simple rotationally symmetrical reference object could provide could be: position, depth, and angle of attack into the viewfinder.  Although the information on angle of attack would be later put on hold, the reference object could have been two hemispheres of differing color, or a specially designed sphere with horizontal slots as shown below in figure 2.  
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Figure 2

Even though the horizontal slit sphere shows a more dramatic response to change of angle of attack, it would be far too heavy for this project as it would have to be a machined part – not hollow like a plastic ball.  That left the two hemispheres of differing color.  Later in the interest of saving building time as well as computational time, the program would simply look for a ball of one color.  Originally it was believed that a Lego construction that held the sphere could be adequately strong and light.  The assembly proved too heavy, complex, and delicate to be useful.  Also, the assembly added too much of a moment to the aircraft thus adding a rather long delay in its response time to the turning commands.  It was decided that the weight would be the most important consideration in design of the sphere and sphere attachment.  Now the plan is to sacrifice the legs of the craft to make up for the added weight of the sphere.  This week was devoted to research and the drafting of this paper as well as the presentation.  The rest of the third week will go toward the design and construction of the VBFS controller/SBP assembly.  The fourth, fifth, and sixth week will be devoted to the ball-tracking program.  Even though there already exists a program written for this as it applies to a robotic soccer competition, the author knows from experience that there are several complicated rules that need to be incorporated into the program in order for the controller to correct position and distance.  For example, if the craft drifts to the left, one would think that all the controller needs to do is to pull the joystick over to the right.  It is not quite so easy because the craft has momentum and by its own theory of flight [2], the craft momentarily needs to cut power to the motors at precise intervals.  As the craft turns, it will loose some of its height along the way.  This means that the craft shall need more power, however, it will need more power right away, not a half-second later (or whatever the response time happens to be).  The program will have to anticipate these problems, not simply respond to them. 

Results:

It can already be assumed that this project will not work perfectly as even an experienced pilot will crash the VBFS from time to time.  It is conceivable that success could be measured by deviation from a specified target 3D position for a given length of time, however this would be quite difficult to record.  Therefore success will be measured in time aloft for each attempt only.  Actually, this is a more natural measurement because that is the goal for a person when first learning to fly this craft.  

Conclusion:


This project aims to use a small programmable robot with integrated computer vision hardware and servo control to try to keep a small flying toy in a naturally unstable hover mode by continuously scanning the robot’s field of view looking for a simple easily detectable object mounted to flying toy.  The robot will gain maintain control of the toy by physically driving the joysticks on the toy’s handheld controller via servos connected to specially designed linkages mounted to the joysticks.  This idea is a new one as far as the author of this report knows thus the chances of achieving true endless autonomous flight are fairly small.  Therefore success will be measured in time aloft for each attempt.  The author will record each test and make additions to the heuristics embedded in the program.  Although this project aims only at pure research, the programming of the robot will be an ongoing project which could someday be put to real use.
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