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ABSTRACT:

The following pages describe the function and design of SETTER, an autonomous robot that sets a table.  The robot is built on a wooden frame, and uses three altered Tonka minitruck tracks as conveyer belts.   Two of the trucks are used to lower the plates onto the table, and the third is used to lower the knives and forks onto the table.  SETTER finds an edge of the table, runs parallel to it until it finds a corner.  This movement is always counterclockwise.  When it turns the first corner, it will begin measuring the length of two adjacent edges.  SETTER then places a plate, fork and knife down on the table (in that order) if it has calculated that there is enough space to do so.  SETTER uses a Motorola 68HC11 as its microprocessor, and four IR sensors to detect edges and corners, two motors control the left and right wheels,  and three more  motors control the conveyer belts.  An LED array will display, in binary,  the number of possible places to set.

INTRODUCTION:

I grew up in Angola, and in that culture the purpose of having children , besides procreation, is to have someone to boss around and do all of your work.  As a result, my childhood, and even beyond, was filled with chores such as washing dishes, watering plants, setting tables, and just cleaning up.  I hated them all, but the one that I disliked the least was setting the table.  This, is the motivation behind SETTER.  SETTER is an autonomous robot designed to set  rectangular tables of variable dimensions.  Its behavior is dictated by processing inputs from the IR sensors.  The Motorola 68HC11 and an ME11 board serve as SETTER’s  “brain.”  The proceeding chapters will discuss the platform, actuation, sensors and behavior of the robot.

MOBILE PLATFORM


SETTER’s body is constructed mainly of wood obtained from the IMDL laboratory.  The entire body was cut by hand, and the particular shape was chosen because a surface area was needed which was long and wide enough to traverse a medium to large table and able to support all of the motors, the EVBU board, plates, silverware, power supply, and any other features (cup dispensing) that may be added in the future.  This in turn meant that a very stable and somewhat powerful motor or motors would have  to steer and propel the robot.  Taking all of these factors into consideration, I estimated that the maximum weight for SETTER would be four pounds and that the best form of propulsion would be to use tank, or tractor, tracks.  

The selection of the particular tracks and motors used was quite simple.  Upon purchasing an M1 toy tank at Toys R Us, I severed the rotating turrent of the tank, and proceeded to test whether or not the original toy motors and tracks were capable of easily transporting up to 10 pounds.   For this, I used 20 half pound ankle weight bars, adding them one by one as I controlled the tank to go forward and make turns on the surface of a table.  The tank easily performed this task, so I decided to cut the tank in half, remove all of the circuitry and use the (now in two halves) of the tank as SETTER’s base, thus the SETTER’s military appearance.  

The plate dispensing mechanism is also a Toys R Us toy which was mutilated and added to SETTER’s platform.  In this case, I obtained two Tonka mineature tractors, cut out the majority of their bodies, keeping only the motors , the basic structure, and the tractor tracks.  These two were mounted orthogonal to the main wooden platform and facing each other in a circular shape cut out in the front of SETTER’s platform.  In essence, I mounted them so that they were on the points where the diameter line crossed the circle.  This diameter was measured so that the position of the two tractor bodies would allow a 10 inch paper or plastic plate to be wedged between them, thus allowing it to be lowered onto the table surface.
The silverware dispensing mechanism, much like the rest of SETTER, was also a toy that was mutilated and rearranged to suit SETTER’s needs.  It too was a tank (a smaller 11 inch long tank), and was gutted of all preexisting circuitry.  For this system though, I used the motor box, as was mounted in the rear of the tank, and simply mounted it in reverse on SETTER’s rear underside allowing the system to drop down to a –30 degree angle form the wooden platform.  A piece of wood was used to add stability to the structure and to provide a place to mount the infra red sensor that would later be used to detect plates.   Again, testing was done using the half pound ankle weights to ensure that the tracks could support the silverware and still function.  The turrent motor from the original tank was then mounted on the wooden platform and used to control the lowering and lifting of the silverware dispensing mechanism.  Although this system for lowering and raising the silverware dispenser is functional, it isn’t very practical or economical because it requires that the motor produce great amounts of stall current during the majority of SETTER’s operation.  Needless to say, this system must be improved.         

SENSORS

Originally, SETTER was designed with five infrared detectors, and two spring/touch sensors.  The final design though simply contains six infrared detectors.  Throughout this report, when I mention the ir sensors, I am referring to the hacked Sharp Cam (as shown on the IMDL web page) with an LED mounted on top of it.  The LED’s are surrounded by a half inch long  rubber tubing, which provide a range of  approximately 14 inches.  During my extensive testing phase, I found that this infra red sensor setup was more that adequate for SETTER’s purposes, especially since no sensor would have to detect objects further than two or three inches.    All of SETTER’s sensors are 40 kHz IR sharp cams, each one serving a different purpose.  “Ir” proceeded by a number indicates, that infra red detector as it is labeled in the C code, and throughout the rest of this report.  

Ir1, ir2, and ir3 are used to align SETTER with the edge of the table.  At  the beginning of the main program , it is assumed that all three of these sensors are on the table surface, at which point SETTER takes the average of the values  and (ON_TABLE) establishes it as the value indicating that the sensor is above the table.    If for example ir1 and ir3 are greater than or equal to ON_TABLE, indicating that they are above the table, and ir2 is less than ON_TABLE, indicating that ir2 is off of the edge of the table, then SETTER will move straight forward.  If say, ir1 is off of the table, and ir2 and ir3 are on the table, then SETTER makes a slight turn to the left.  These controls are implemented by a set of if statements in the C code.  Ir4 is used to detect when the front of the robot is off of the edge of the table.  In essence, it lets SETTER know when to make a left 90 degree turn.  Ir5 is used to determine when and where to place a knife and fork.  After dispensing a plate, SETTER continues to move forward until ir5 detects the plate.  At this point, SETTER stops, and a fork is dispensed.  When ir5 detects the table surface once again, a knife is dispensed.  Ir6 is used to control the plate dispensing.  As the plate lowering motors spin, ir6 simply reads the current infra red values.  When ir6 surpasses a certain threshold, meaning that a plate has gone by, the motors stop.  Ir7 is used as part of the “dead reconning” system.  SETTER’s main tracks are marked (with white-out) in a way that there are six non painted segments between each group of four painted segments.  Every time ir7 detects a painted segment, a counter, which contains the distance, is incremented.    

BEHAVIOR

Using the sensors as described in the sensor section of this report, SETTER is able to effectively remain on the table, complete sharp turns, and of course set the table.  SETTER is programmed for somewhat sequential behavior, in that there is actually no random behavior (or at least there isn’t supposed to be), nor is there really a need for random behavior when setting a table.  The sequential behavior goes as follows:

1) Find an edge of the table.

2) Move along that edge counterclockwise until a corner is found.

3) Turn and begin measuring the length of the following edge until a corner is found.

4) Store the value, divide it in half and call it side1.

5) Once again, turn, measure the length until a corner is found.

6) Store the value, divide it in half, and call it side2.

7) Turn move along the edge of the table and when side1 is reached drop a plate.

8) When the trailing infra red detector detects the plate, stop, drop the fork.

9) When the trailing infra red detector detects the table once again, drop the knife.

10) Repeat steps seven through nine for each of the remaining sides substituting side2 where applicable.

A few minor changes to the code can easily be made to have setter actually decide how many places set on each side.  I have created a function called calculate() which if passed (as an argument in interactive C) the length of a side will calculate the number of place SETTER will set along that side.  Modifying this function, one can easily dictate how much space is desired between places on a table.

CONCLUSION AND FUTURE WORK


Due to financial and time constraints, SETTER wasn’t able to perform all of the tasks that I had wished it to.  It has many flaws, but considering the time and money crunch, I would consider it a success.  In the future I would like to be able to modify  SETTER’s bulky appearance for a more pleasant and “decorative” one.  After all, it does roam the dinning room table.  A more accurate edge measuring method could be devised, along with neater and safer circuitry.  Taller and stronger track could also be implemented on the plate dispensing mechanism to allow real plates and silverware to be used with the robot.
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