IEEE, Region 5 2006 Conference Robotics Competition Rules and Course Description

1.0 Concept:  This year’s competition theme is “Straighten This Mess Up”.  In general, the competition is a mock up of an automated warehouse.  Competitors are to construct an autonomous robot that will recognize different colored containers on one side of the track, and be able to sort them into their destination rooms on the other side of the track.  For example, the robot will proceed to a room on one side of the track, search for and recognize that container’s color and then must place the container in its appropriate place on the opposite side of the track.  The robot must then have the following features:

· Drive system for motion

· Navigation sensor array to move from one room to another

· Sensing element to differentiate between different colored containers

· Manipulator to handle the container

· Processor/software to coordinate all of these elements

Each competitor will have 2 runs of the course, each run being limited to a period of 3 minutes. Each robot is scored during this time for how fast, and how accurately it accomplishes the task at hand.  Time penalties are awarded for movement to wrong location, contact with a wall, etc.  The best score of the 2 runs will be taken, with the fastest run overall being the winner.  Each run will be separated by at least 2 hours in order to give the teams time to correct problems or make adjustments.  Failure of a robot to leave the starting area within 30 seconds ends that robot’s run, so non mobile robots need not take up the entire 3 minute slot unnecessarily.  

The 6 highest scoring teams of the first two rounds will go on to the final round which will introduce other challenges to make the competition more difficult.  However the new challenges should not make it necessary for the robots to have a separate set of software or any new hardware to handle them.  See Final Round info below.  The top 3 scoring teams of the final round will receive awards.  

2.0 Details of the course:  Note that for all linear measurements expressed in inches, there is a tolerance of +/- 0.5 inches.  The 3/4” black line has a tolerance of +/- 1/8”.  All other tolerances are noted where applicable.  

[image: image1.png]Figure 1: Course Layout




2.1 Course description:  Figure 1 shows the layout of the course.  It is a “warehouse” of 8 rooms, each 2 x 2.5 feet in size with a single entrance/exit 2 feet wide.  A corridor 3 feet wide will separate 4 rooms on one side from 4 rooms on the other.  Note that the “walls” between rooms are shown in figure 1 as black lines for clarity.  In actuality they are only 1 inch high dividers and are painted white like the floor.  

2.1.1 Plywood sheet construction:  The course will be constructed of 2 plywood sheets joined together to make a relatively smooth floor.  The floors will be painted flat white, with a ¾” wide black line running between the rooms and in the center of the corridor.  The two 4’ x 8’ plywood sheets will be placed such that the central corridor line will cross the joint of the two sheets perpendicularly.  (In figure 1 the top of the course will be one sheet and the bottom half the other).

2.1.2 Walls:  Walls will be simulated with 1 inch square wooden molding strips.  Robots cannot cross over the molding.  There will be no ceilings on any of the rooms to afford viewing as the robot runs the course.  The molding strips will be painted white like the floor.  Molding that forms the walls of rooms B/C and 2/3 will be mounted to the top plywood sheet with no overlap, thus the walls for rooms C and 3 will be slightly (1/2” or less) wider than the other rooms.  A robot is not to pass over the plane formed by the molding.  Doing so results in a penalty.  See 3.0 Points and Penalties.  

2.1.3 Room details:  Each room is 2 feet wide by 2.5 feet long. Inside of each room the black line will end in a solid black circle that will be 10 inches in diameter. This black circle will be the place in which the storage containers will be stored. A storage container can be anywhere inside this circle when the robot goes to fetch it.  Similarly, the robot can place the container anywhere inside the circle, so long as the entire container is inside the circle. Rooms on one side of the warehouse are INCOMING (Rooms A, B, C and D) and the rooms on the other side of the corridor are OUTGOING (1-4). Outgoing containers will be removed & reset by judge after all containers have been placed and the run has ended.
2.1.4 Starting point:  The starting point is room 1. The robot will be placed so that it is completely inside room 1 (outgoing). The placement and orientation of the robot is up to the discretion of the competing team so long as the entire robot fits inside room 1 and no part of it touches any wall.  The robot must meet the size and weight check before being placed on the course (16” x 16” x 3’ tall, 50 pounds, see section 2.5.1 for full details).

2.1.5 Starting time:  Each team will be given 1 full minute to move their robot onto the course and do any preparation necessary.  At the end of this 1 minute prep time, the judge will announce “Activate your robot and clear the course”.  This will allow the competitors to flip an ON switch or similar activation method and step off of the course.  When the “Activate your robot and clear the course” announcement has been made, a start clock will begin counting down 30 seconds.  The course time will begin from the time that the robot moves out of the starting room triggering an electronic clock by passing through an optical sensor.  If a robot fails to leave the starting room within the 30 second start time, the robot will be declared immobile and the run time will end at that point.  This is to prevent a robot that is not working from taking up unnecessary time.  No time score will be recorded for such a run.  That does not mean a time score of 0 will be recorded since it will be possible for robots to score a time less than 0 with penalties.  It means no score will be awarded.  

2.2 Course navigational aids:

2.2.1 Black line:  This will be used to aid in navigating from room to room. There are straight line segments joining adjacent rooms and curved segments to allow the robot or robots to make turns and maintain good tracking of the line. The line will be ¾” (+/- 1/8”) wide with a radius on turns of 8 inches and will be painted in a matte or flat finish.

2.2.2 Floor reference markings:  As shown in Figure 1, there are 3 reference markings on each side of the line that a robot may use to orient itself. Figure 2 shows the 3 markings and their size relative to the main black line. These markings consist of 2 rows by 3 columns of black rectangles. Each individual rectangle field is 10 mm (+/- 1mm). This pattern occurs on both sides of the line at a midpoint between intersections. The markings are mirrored images of each other on each side of the line. This allows the markings to identify the robot’s position and also in what direction the robot is traveling. The reference markings are referred to as X, Y, and Z. X shall be placed at the midway point between rooms A and B. Y shall be at midway point between rooms B and C, and Z at the point between C and D. Note that because the plywood sheets will join at the midway point between rooms B and C, that the reference marking Y shall be 1 inch closer to room B.
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Figure 2: Black line and Floor reference markings




2.2.3 Black circle in each room:  Each room will have a solid black circle that is 10 inches in diameter. The center of this circle will be placed 18 inches inside the door and 12 inches from the walls.
2.3 Storage containers:  

2.3.1 Dimensions and weight:  The storage containers will have the same form factor as a common soda can with some ballast in the bottom to give it stability. This will allow anyone in Region 5 to easily build a mock up of the course and test their robot’s manipulator and object location system. Height of a standard soda can is 4.8 inches (122 mm).  The outer diameter of a soda can is 2 1/2 inches (+/1 1/8”) or 6.4 cm (+/- 3 mm).  The weight of an empty soda can is 0.5 oz (14 grams). The weight of the ballast shall increase the total weight of the can and ballast to be 2.5 oz (+/- 0.1 oz) or 72 grams (+/- 3 grams). The ballast used in the competition containers will be common sand. The pull tab will be removed and the hole plugged so that ballast cannot fall out.

2.3.2 Notes about damage to containers:  The robot’s manipulator may crumple the container. A container that is damaged or excessively crumpled will not be reused in the competition. The idea of the container is that it is designed to withstand damage in order to protect the contents.

2.3.3 Color:  There will be only four soda cans on the course during any given run.  Each soda can is colored differently:  One can red, one blue, one yellow, and one green.  Each of these colors will be as standard as possible.  With respect to an average vision system or color sensor, the color sample should sample an RGB value of the can where Red, Green, Blue, and Red + Green (Yellow) are highly saturated (value of 150 or higher) and the other color values will be 50 or less.  Lighting conditions contribute greatly to RGB sampling value drift; therefore teams should design to calibrate to the course conditions beforehand.  Opportunities to do so will be afforded the day before the competition during the practice session, as well as during the 1 minute prep time at the start of a run.  Also, soda cans will be painted with flat or matte spray paint as to limit the amount of reflection and interference from stray light.
2.3.4 Movement of containers:  The robot may move the container by any means. Note that gripping a container is not required. So long as the container ends by resting upright for 5 seconds in the target black circle, the robot has accomplished its mission. Lifting, scooting, rolling or even throwing are legal methods.  

2.3.5 Order of Delivery:  Each of the four cans will be randomly distributed amongst rooms A thru D, with only one can per room.  The sorting order of the rooms is as follows:  The Red can must be delivered to Room 1, the Blue can to Room 2, the Green can to Room 3, and the Yellow can to Room 4.  The order in which these cans are retrieved is not relevant; however the cans must be delivered to their appropriate rooms.  Only one set of cans is setup at the beginning of each run.  Run time ends either when the robot has successfully delivered all four of the cans to their appropriate rooms or when the 3 minute time limit has expired.  Although the initial position of the cans will be randomized, at least two cans will have to go to a room not directly across from its initial starting point.  This is to eliminate the possibility of some “can orders” being much easier to handle than others.  
2.5 Robot Design Restrictions:  This competition is intended to encourage creative and improvisational design.  The only hard restrictions are that the robot must be autonomous (self acting) with no means of human control whatsoever and it must be safe for the course and viewing audience.  Specifically, the rules for the competition are as follows:

2.5.1 Size and weight:  The warehouse is of a limited size and the specifications of the size of doors, turn radii, etc will in turn themselves be a limit to size. A maximum size is declared then to be 16 inches x 16 inches with a height limit of 3 feet.  This is done to ensure that the course will not be damaged by a robot as it runs.  Note that multiple robots that when combined all fit within the 16” x 16” x 3’ qualifier are legal.  The weight of a robot is not to exceed 50 lbs, and a robot must meet the size requirements of 16 inches x 16 inches x 3 feet at the start and finish of the run.  
2.5.2 Sensors:  Any sensor or combination of sensors is legal within the restriction that the robot must be autonomous.

2.5.3 Power:  The robot must be self powered and self contained.  For safety purposes power source must be electrical.  No combustion engine power system is to be permitted.  Batteries must be completely enclosed.  Considerations are lead acid type batteries or lithium batteries that can pose a fire hazard under certain conditions.

2.5.4 Locomotion:  Safety is the only restriction.  Since the robot must be autonomous, a flying robot is impractical given the size of the course.  Wheels or legs or arms or anything else conceivable is legal.  DC motors, pneumatics, air muscles, muscle wire (Nitonol), etc are all acceptable.

2.5.5 Controller/Processor:  No restrictions.

2.5.6 Manipulator:  (Gripper, lifter, etc) Safety is the only restriction.

2.5.7 Safety is the golden rule:  Any robot that is deemed to be unsafe by the judge(s) can be disqualified until it is modified to be safe.  This rule is a catch all and is only placed here to allow for some very unreasonable design, or for a robot that is fabricated so poorly that it poses a threat to the course or audience.  The competition takes place within a closed, painted, wooden platform and is housed inside of a hotel which IEEE does not wish to offend or move to legal action.

2.5.8 Multiple robots:  A competing team may enter a robot that divides itself into smaller robots to complete the task, subject to the total size and weight restriction of section 2.5.1.  

2.6 Final Round:  The top 5-10 competitors (depending on the number of total competitors) will advance to the final round which will introduce new challenges to the course.  Main differences for the final round:

2.6.1 Human workers:  The purpose of the human workers on the course is to test the robot’s ability to distinguish between a container and a human.  It is not meant to introduce unnecessary navigational challenges, such as making it necessary for the robot to steer around a human worker in order to get to the container.  A robot of reasonable size that enters the black circle using the black line should not find it necessary to go around the human worker to get to the can.  But the robot must know which is which before it grabs.  Human workers on the course must be avoided and must be distinguished from the containers.  Human workers will be simulated with Barbie dolls and may be positioned anywhere on the course, but will never be placed in destination rooms.  There can be up to 3 workers present on the course, including standing near a container or black line.  Workers will be at least 3 inches away from a container, and 8” away from the black line (measured from the outermost point of the human worker).  If a worker is placed in a black circle in a room, the worker will be at least 3 inches from the point that the black line enters the circle.  A worker may not be placed in front of a container, but may be placed behind or to the side of a container.  Otherwise, the worker can be anywhere else inside the circle.
Locations of worker will be changed at the beginning of each run.

Human workers will be dressed in coveralls of four different colors.  One will be dressed in red, one in blue, one in yellow, and one in green.  However, even though there are four differently colored Barbies, only 3 may be present on the course at any given time.  The choice of which Barbies will be placed will change at the beginning of each run.  Barbies are taller and thinner than soda cans and also do not conduct electricity (and by OSHA standards cannot wear conductive jewelry while on duty).

A commonly available stand will be used to make the worker stable while in a standing position.  This stand will be painted white to match the floor of the course.  

2.6.2 Human worker dimensions:  Human workers are standard Barbie dolls, available in virtually any toy store in the U.S.  Each weighs about 4.2 +/- 0.3 ounces (120 +/- 10 grams) and are 31.2 +/- 1 cm high when mounted on a stand.  Their arms may be in any position so long as the total height is not increased.  Note that Barbie arms can be lifted outward, pivoting at the shoulder thus the total profile width of a Barbie can vary.

3.0 Time Penalties Schedule:
3.1 Penalty for container that does not remain upright:  A container that is placed in a circle but that does not remain upright for at least 5 seconds will receive a time penalty of 15 seconds

3.2 Penalty for container moved to wrong room:  Any part of a container that is placed in a wrong OUTGOING room’s black circle is penalized 30 seconds.

3.3 Penalty for container moved to INCOMING room:  A container that is placed anywhere inside any INCOMING room is penalized 30 seconds.

3.4 Penalty for “dropped” containers:  A container that is dropped or left in an area other than a black circle is penalized 10 seconds.

3.5 Penalty for contact with walls:  Any contact with the “walls” (rounded molding) results in a time penalty of 5 seconds.  If any portion of the robot touches the molding, this is deemed as contact and results in the appropriate time penalty.  Since the molding simulates a wall, a robot may not pass a portion of its fuselage over the molding.  The judge will give a ruling for this based on visual inspection and must err on the side of discretion, so do not design a robot that is so large that such subjective methods become frequently necessary.  Any such ruling by the judge is final and cannot be contested.  

3.6 Note regarding deviation from black navigation line:  There is no deduction for a robot that does not travel at all times on the black line so long as it does not make contact with the walls.

3.7 Penalty for leaving course boundary:  A robot that strays off the course will be disqualified.  Straying off the course is defined as any portion of the robot touching the floor on which the plywood course rests.  No score will be tallied for that robot’s run.

3.8 Penalty for harmful contact with human:  Touching a human worker that results in the worker falling over results in a time penalty of 15 seconds.  Merely touching a human does not result in a time penalty.  Only contact that knocks the human from it’s feet results in a penalty.

3.9 Penalty for moving a human:  Moving a human worker more than 2 inches results in a penalty of 15 seconds

3.10 Provision for unsafe robots:  A judge may at anytime declare a robot to be unsafe and disqualified for that run.  No time is recorded for disqualification of this type.

3.11 Penalty for undelivered cans:  It has been brought to my attention that there exists the possibility for a ‘lazy’ robot to beat a ‘busy’ robot by doing nothing more than moving out of the starting room and getting past the ‘immobile robot’ status.  For example, if a robot moves out of a starting room and just sits there it scores a run time of 3 minutes.  A robot that accomplishes its objectives but hits a wall or human during the run could score a time greater than the ‘lazy’ robot.  For this reason, a penalty of 20 seconds will be issued for each can that is not moved from its initial starting position.  If a robot enters a room and bumps, moves, or otherwise attempts to capture the can, the 20 second time penalty will not be issued for that particular can.  
4.0 Other Considerations
4.1 Course Lighting:  
4.1.1 Practice Area (La Quinta Hotel downtown):  Lighting in the practice area is mostly incandescent with no natural light as there are no windows in this room.
4.1.2 Competition Area:  The competition will be held in the atrium of the Bio Sciences & Engineering Building at the UTSA main campus.  Lighting in this area is a combination of natural light and fluorescent light.  Depending on the weather, the amount of natural light will vary.  
4.1.3 Additional lighting sources will not be provided and teams cannot use their own light source during competition.  There is only one exception to this rule and that would be if the robot has its own onboard light source.  
4.2 Course Background:  This competition is highly dependent on vision and color recognition abilities and as such, background interference poses a problem.  To alleviate the risk of background interference (bright colored clothing, objects, that are not a part of the course), the course will be roped off so that no personnel other than the judges and two members of the current competing team will be allowed within 5 feet of the course perimeter.

4.3 Flash Photography:  Flash photography has always posed a problem in past years, and it should be said now that because this competition relies heavily on the robot’s ability to ‘see’ and recognize obstacles and cans, flash photography is prohibited during run times of the competition.
4.4 Number of Team Members:  The number of people involved in designing and constructing a robot is not limited, however, only 6 people may be registered per team and because of space restrictions, there will be a limit of 4 teams per school.  Only 2 members of a team will be allowed at the track during that team’s run.  
4.5 Practice Tracks:  There will be two practice tracks at the La Quinta hotel downtown available all night to students who wish to fine tune their robot.  These tracks are first come first serve, and there will be no officials present to time the robots.  
I would like to personally thank Kerwin Lumpkins, the organizer of last year’s competition.  He has provided some great feedback on this year’s rules as well as provided the template from which this year’s rules were derived.   
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