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	Introduction


Welcome to the fourth annual MASLab/6.186 autonomous robotics competition! Eighteen teams of MIT students have had less than a month to build and program sophisticated robots which must explore an unknown playing field, retrieve red targets, and deposit these targets in scoring areas. Today, each team will get a chance to show what they have accomplished.

MASLab provides a significantly more difficult robotics problem than many other robotics contests.  Although students know the general size, shape, and color of the floors, walls, and targets, the students do not know the layout of the playing field.  In addition, MASLab robots are completely autonomous; they operate, calculate, and plan without human intervention.  

Today's event is not so much a contest as it is an exhibition. MASLab encourages teams to work together and to share ideas with each other.  While there will doubtless be a team that scores the most points, MASLab’s emphasis is on creative robots, clever ideas, and solid engineering.
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The MASLab staff strives to make sure teams have the knowledge and equipment to tackle this challenge.  We present lectures on relevant topics including motors, sensors, software development, and computer vision.  We stock the lab with a variety of building materials, sensors, and tools.  After a month of hard work, each team has built an exciting and innovative robot capable of attacking a research-quality robotics problem.

MASLab has no pre-requisites and aims to be accessible to all MIT students regardless of experience.  This year's teams include students at all stages in their MIT careers, from freshmen to graduate students, and from many departments (Physics, Mechanical Engineering, Electrical Engineering and Computer Science, Management, Aeronautics and Astronautics, and Ocean Engineering).  Participants earn 6 units of general elective credit and 6 engineering design points (EDPs).
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	Contest


In the MASLab contest, each robot will have four minutes in the playing field during which it can score in several ways.  The playing field contains targets and scoring areas.  The targets are wooden balls about 2” across.  Scoring areas are 10”w x 6”h “mouseholes” cut into the wall trimmed by 2” of yellow paint.  The field also contains green tubes, each of which holds three balls. 
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The simplest way to score is for the robot to capture a red ball – by itself or in a tube. More points are scored if the robot can move the red ball to the area in front of or through the yellow scoring areas.   Any target within a 14" square in front of the mousehole scores 3 points.  Each ball that ends up through the hole is worth 5 points.  The robot is penalized four points if it does not automatically stop after four minutes.  The green tubes, aside from being a convenient way of transporting balls, do not affect the score.
The teams do not know the size or shape of the playing field nor the number of balls/tubes and scoring areas. They know only the basic characteristics of the playing field: white walls (with a blue stripe at the top), blue floors, red targets, green tubes, and yellow scoring areas.  This forces students to make their robots respond dynamically to their sensor data and makes the contest both more rewarding and exciting.

	Action
	Point(s)

	Possession of ball
	1

	Moves ball to yellow scoring area
	3

	Moves ball through a mousehole
	5

	Continues to move after four minutes
	-4


	Kit


Each team received an identical kit of parts at the beginning of January. This kit served as a starting point for their robots – teams were not limited to their kits' contents and could purchase items on their own in order to pursue creative strategies.

Mechanical
The basic kit included enough parts to build a simple robot: a computer, a robotics controller, a digital camera, motors with integrated gearheads, wheels, and basic hardware to attach everything together.  While students are encouraged to use wood and machine shops around campus, this year marked the opening of the MASLab workshop. The MASLab shop contained a scroll saw, drill press, sheet metal brake and shear, as well as many useful hand tools and a large selection of building material.
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Electrical
The electrical components used in MASLab are quite different from other contests. At the heart of each team's robot is the "Geode," a 300 MHz x86-compatible processor with 256 MB of RAM, a 6GB hard disk, wireless networking, and a full complement of standard PC ports.  This PC runs a standard installation of Red Hat Linux. 
The Geode itself cannot control motors nor interface with sensors, so the MASLab staff designed and manufactured a custom robotics controller board.  We call the controller the "ORC", for "Our Robotics Controller". This board serves as a slave to the Geode, executing simple commands under the direction of a program running on the Geode. The Geode and ORC communicate over an RS-232 serial link.  

The ORC has a detachable LCD display with a joystick and other buttons, support for four bi-directional 12V motors, servos, analog and digital sensor inputs, optical encoders, and ultrasound range finders. Most of these features are implemented in microcontrollers from Cypress Microsystems. 


While the usual assortment of robotics sensors is available (ultrasound range finders, infrared range finders, momentary buttons), MASLab additionally includes a digital camera. This color camera has a resolution of 640x480 and serves as most robots' primary sensor, scanning the playing field looking for targets and scoring areas.  Image processing is a computationally intensive task, which is one of the main reasons why a 300 MHz PC is part of the basic MASLab kit. A fast PC with plenty of memory also allows students to use more complex algorithms in their robot’s AI, such as optimal path finding algorithms and fine-grained occupancy grids.

MASLab robots draw a significant amount of power. The kit includes a 12 volt, 5 amp-hour lead-acid battery which provides a runtime of a couple hours.  A smaller, lighter battery with half the capacity was available as well.

Software
Students wrote multi-threaded Java programs to control their robots using several low-level libraries provided by the staff. The ORC firmware and application programming interface (API) hides hardware details from users so they can execute simple commands such as servoSeek() rather than manually produce pulse-width-modulated control signals.

MASLab staff members provided several functions to ease the task of image processing, but every team developed its own image processing algorithms and strategies from scratch.  

To help in the debugging process, the MASLab staff developed the "BotClient".  This graphical application allows teams to easily visualize the data collected by their robot. For example, the BotClient could display raw and processed images from the camera or plot sensor values as a function of time. A team’s robot transmits this data using wireless networking to another PC where it is displayed. 

	Strategy


Each team’s robot is a unique creation with its own mix of creative mechanical, electrical, and high-level strategies.  MASLab robots involve considerable mechanical design: each piece of the robot must be carefully positioned for the robot to remain within the maximum dimensions and a mechanical gripping mechanism is required to transport the targets to the scoring areas. Some teams built compact and maneuverable robots capable of gripping only one target at a time, while other teams built larger robots capable of holding several targets at once. The robots in this year's contest have many different gripping techniques: gate style robots trap the targets in a gated enclosure; “sweeper” style robots use a roller to sweep the targets into a holding area for later release; and lifter style robots pick up the targets with a mechanical arm.

Each team had to make various design tradeoffs when working on the electrical aspects of their robot. For example, if a team wanted to use a fancy long-range sensor they had to sacrifice a certain number of simpler sensors. Some teams chose to use ultrasound or infrared range finders to precisely determine the target position, while other teams relied solely on their robot's digital camera. Many teams used contact switches to detect a target in their gripper, or to detect a collision with a wall. 

Finally, each team developed their own high-level strategy. Some teams use a simple, stateless strategy to repeatedly search for and grab a red target, then find a scoring area and drop it off. Teams which can carry multiple targets must decide how many targets to collect before unloading them at a scoring area. More advanced teams use the camera and sensor data to create an internal map of the playing field which allows the robot to make more intelligent decisions. While four minutes sounds like a long time, a robot can easily squander it by spending too much time collecting and processing sensor data, or by picking an inefficient route from one point to another. Acquiring more data enables the robot to choose more efficient routes but uses more CPU time, so the time limit imposed a fundamental design tradeoff.
	Robots
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	                    Irony
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“Team Litotes”

Robyn Allen ( Ellen Cappo
Michael Daugherty ( Tucker Jones
	A low-altitude cargo bay provides cramped quarters a safe haven for the red nomads, while a front-mounted sensor bumper detects potentially fatal collisions. Upon arrival, a servo diplomat escorts the weary travelers through the mystic porthole, concluding the next epic of yellow scoring area mythology. The ship itself possesses an innate intelligence, allowing it to prioritize rescue missions based on current capacity, proximity of red or green missionaries, and remaining fuel supply (which lasts precisely four minutes). The Legend of Irony will be told for generations to come.


	                    Fort Tasty
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“Tasty Superpotential”
Andrew Wong ( Maria Schriver  Ben Wagner ( Shankar Mukherji
	Fort Tasty is designed with an iron-strength gripper in front capable of lifting red balls, green cans, and small children. The gripper is pulled up like a drawbridge, depositing the balls onto the beautiful blue ramp inside the robot. At the end of the round, Fort Tasty should find a yellow target and let the balls dump out of its back via its pi/2 rotated venetian blinds. If you're curious about our team name, go to Star Market or to 8.05 lecture.


	                    Sir Loops-a-Lot
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“Jousting with Windmills”
Finale Doshi ( Gireeja Ranade  Javier Velez

	Our robot finds green cylinders and tips the balls inside into the goal.  To pick up a cylinder, it first tips forward and grabs the target.  Then it tips back, raising the cylinder off the ground.  Our servo-mounted camera rotates 180 degrees allowing us to navigate with a clear view.  When searching for targets, the robot wanders towards the farthest wall.  It uses bump sensors and motor currents to avoid getting stuck on walls or corners.  Our entirely vision-based navigation system uses only parts of the image data to quickly find targets and walls.


	                   The Grim Gripper
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“The Little Guys”
Alex Crumlin ( Edmond Lau James Sun ( Vincent Yeung

	The Grim Gripper is designed to be versatile in all situations, sending the other robots screaming in fear.  Its powerful claw is used to grab both the balls and the towers (or affectionately called souls) with ease.  These souls are then stored within The Grim Gripper until reaching its goal, the gates of hell.  The Grim Gripper uses clever algorithms and well placed sensors to find the souls, and then delivers them to their final destination.  


	                    So-Sojourner-er
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“Hawaii Five-0”
Bennett Ito ( Brandon Kam
William Williams

	Our Robot was designed with one major goal in mind: Keeping it simple. Our overall strategy is to collect balls while ignoring the green towers.  Once it has two balls, the robot looks for the goal and deposits the balls into the goal.  This process is then repeated until time runs out.  The ball collection mechanism uses a roller which pulls balls into the collection area.  Ball detection is accomplished by processing visual data and finding the largest red area.


	                  Over the Rainbow
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“The Keystones”
Monica Sun ( James Sun 
Dawn Wheeler ( Chris Wilkens 
	"Over The Rainbow" uses a "harvester" mechanism for ball-collection and employs optical encoders and bump sensors for navigation.  The "harvester" consists of a rubber-band conveyor belt, which sandwiches the balls between the belt and a sandpaper platform.  To release the balls, the belt reverses direction.  The robot can knock over towers and attempt to collect the balls directly from the playing field ground.  "Over the Rainbow keeps track of the number of balls it has collected, bringing the load to a mouse hole once filled.  In completing the "rainbow theme," the robot features rainbow-colored bands as the conveyor belt, a "sun-bonnet" around the camera, the geode as a cloud, and scattered raindrops on the chassis.




	                  Jerry
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“Lab Rats”
Calvin Bonas ( Patrick De Suza Lindsey Christian  
	To collect as many targets as possible, Jerry is a hollow box with a front hatch.  Jerry topples towers and collects the balls that roll out. Jerry has short range IR sensors at three locations for wall detection/avoidance.  Also, a thread systematically checks motor currents to see if Jerry is stuck. Jerry first takes a general picture.  Depending on what colors he sees (red is usually the priority), he zooms in by scanning four quadrants, and then zooms in further. Jerry aligns himself with the region that contains the most pixels of the target color, and then drives over the balls to collect them. In the final minute, his priority is to find the mousehole. Once he sees yellow, he aligns with the mousehole, opens his gate, and an interior wall pushes the balls through.


	                    Bully Bot
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“Bullfighters”
Joseph Cheng ( George Huo Nancy Phan ( Amy Wong

	We tried to stick to the KISS philosophy to avoid dealing with failing, complicated mechanisms. Our bot is based on a large roller in the front, which spans the width of the chassis. We need only to run over a ball in order to capture it. The large roller area means that our steering need not be so precise, and we can maneuver quite efficiently. Our strategy will be to knock over towers, and collect balls under the chassis. After we have enough, we will steer to the goal and reverse the roller to emit balls.


	                    Unfortunate Mishap
Unfortunate Mishap
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“Tex”
Andy Arizpe ( Dan Williams
Will Reichert 
	Our robot is designed to trap balls beneath its chassis by raising and lowering an arm mounted on the front.  We have a simple navigation system relying mainly on the camera, and using bump sensors to avoid obstacles.  Although the design is simple, it is still surprisingly buggy.  Hence the robot's name.


	                    Ludicrous Speed
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“Powerhouse of Excellence”
Albert Sun 
Brett Bethke 
	"Ludicrous speed?!  I don't know if the ship can take it!"  The power of the Schwartz allows this robot to reach speeds unreachable by normal robots.  The IR scanner valiantly attempts to keep the robot from smashing straight into the wall, but we've found it is rather easily jammed.  Meanwhile, the tractor beam gate homes in on unsuspecting prey.  Docking to the goal may prove as difficult as guessing the combination of the Airshield.  Ludicrous speed . . . go!


	                    hAL
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“63Nerds”

Paul Elliott ( Meredith Gerber Oliver Martin ( Ryan Williams


	hAL picks up objects using a textured rotor constructed of memory foam with an aluminum core.  Once the rotor has contacted a ball, it is sent up the ramp and into the hopper.  hAL's hopper is servo-actuated so that it is normally inclined to be backwards sloping but will be forward-sloping when dropping off balls.  hAL's mind obeys the theories of Freud: it is composed of an (p)id, an ego, and a superego. hAL's ego understands short-term targets and tries to avoid hurting itself based on sensor data.  hAL's superego looks through its eyes, identifies interesting objects and deciding which to pursue.  hAL's actions are frequently contested between these three entities, and usually the one best-suited to the task will win.



	                    Ankur's Mom
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“MASslap”
Josue Martinez ( Chris Possinger Mark Tobenkin ( Cameron Lewis 

	Ankur's Mom is a mechanically sophisticated approach to a simple strategy: consume everything in sight. The robot maximizes its storage capacity, pressing the size constraints to the limit. Balls and tubes alike are caught in a large, U-shaped frame. A servo-driven gate serves both to knock over tubes and hold onto balls while in reverse, and features a moving wall mounted with a rack and pinion system to shove balls and tubes out of the "ball pen" to score. Ankur's mom sports a front-wheel differential drive which utilizes a timing belt so that the entrance to the ball pen is clear (the motors are behind the pen). At the same time it places the turning axis in the plane of the camera by having the drive wheels in the front.


	                    Halle's Robot
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“Track Stars”
David Blau
Uzoma Orji


	The gripper arm is powered by a third drive motor for lift, and a servo to control opening and closing.  The servo is attached to a dowel at the end of which, three "bevel" gears allow for the fingers to turn in opposite directions.  There are two infrared sensors at 45° angles in the front and one underneath aiming forward.  All three are used for sensing walls but only the third is for sensing the balls or towers.  The AI uses a wall-following algorithm, stopping occasionally to turn and scan for a ball or tower.  Balls are picked up and towers are knocked over.  When the robot has collected enough balls, it wall-follows to find a mouse hole and open the gate to allow the balls to roll through.


	                    You, Robot
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“Jokers to the Right”
Scott Torborg ( Grant Elliott
Aaron Sokoloski ( Helen Zha 
	Resembling a siege weapon more than an advanced assembly of electromechanics, "You, Robot" is based on the strategy of collecting two towers at a time and bringing them to the porch, possibly knocking some into the mousehole.  When no towers are visible, it explores though an intentionally rough wall following mechanism, lovingly referred to as drunken.  "You, Robot" is actually the second incarnation of this machine, risen from the ashes of the mercifully deceased "Mix MASter."


	                    ROBO-KROTUS
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“Team Krotus”
Dany Qumsiyeh ( Phife Ashford Bryan Blumenkopf 
	ROBO-KROTUS is a demonic black robot of unknown origins. Its mouth is ever hungry, spinning furiously and devouring the souls of red balls all over the playing field. ROBO-KROTUS uses IR range finders, such that the white walls of adversity present no obstacle in the way of ROBO-KROTUS's bloodthirsty mission. When he is through with them, ROBO-KROTUS drops balls into yellow marked goals through his servo-controlled back door. Once dropped there, they will never be the same again. The caretakers of ROBO-KROTUS, Team Krotus, work tirelessly to keep his black teeth sharp, and to increase the ability of ROBO-KROTUS's one un-blinking eye to find all red balls, even those that cower in green ivory towers.


	                    Snivelling Little Rat-Faced Git
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“Albatross”
Adam Kraft ( Quinn Mahoney     David Nelson ( James Skelley 
	Robot which cleans house

Red is good but green is bad
Squats on yellow porch


	                    CowBot
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“Team 17”
Tim Abbott ( Joia Hertz
Yuran Lu ( Shuang You
	Our bot drives around and captures balls using a servo-mounted gateway, storing them below the bot.  It uses a giant scythe-type object to knock green cans so that the balls roll towards us.  When bored, it uses an IR sensor to follow walls so that it can find new and interesting places.  It eventually deposits the balls in a mousehole by ramming them towards the hole.  It is mechanically simple, but with rather overly complicated code. We use no other sensors.


	                    The Ball Wrangler
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“Southern Cowboys”
Collin Johnson ( Dwight Chambers
Duncan Ma ( Garrett Crandall 
	In the most general sense, the Ball Wrangler is 14X12X12 with a defined front (by the direction of the camera).  Our robot's main strategy is based on a Kansas (not Texan, mind you) grain elevator approach to the ball collection.  Using it's long, servo mounted arms, the Ball Wrangler strives to fill its elevator shaft with red wooden balls.  Once inside the elevator, the balls are held in place by mechanical valves, based on the valves in human veins.  When the Wrangler has (hopefully) filled the magazine with balls, the elevator shaft will push all three balls out the top of the shaft and down a welded ramp.  


	Joining MASLab


If you would like to shape future contests by helping develop hardware and/or software, or have an interest in sharpening your teaching skills, consider joining the MASLab staff. You will be able to have a very real impact on next year's course!  We are especially interested in welcoming former MASLab students and MIT community members with robotics experience.  Send an email to maslab@mit.edu to introduce yourself. Planning for next year will begin in February.

If you would like to participate in next year's class as a student, simply keep an eye out for our posters around October.  We will also post announcements on our website.  Between now and then, you might want to put together a team of 3-4 students to join with you!  MASLab is known to the Institute as 6.186, and you can earn 6 units of P/F credit and 6 EDPs by participating.  
For more information about MASLab, including photos and video from previous years, schematics, source code, API information, team web logs, lecture notes, or for virtually any other information, visit the MASLab website at: 

http://maslab.lcs.mit.edu

	Staff


MASLab is an entirely student-run contest staffed by volunteer organizers who have devoted the majority of IAP to the MASLab experience. 

Core Team:
	Name
	Position

	Edwin Olson
	MASLab Director

	Kenneth Barr
	Software Manager

	Christopher Batten
	Mechanical Manager

	Edward Faulkner
	Software Manager

	Alana Lafferty
	Electrical Manager

	Ricky Nguyen
	Publicity Manager

	Adam Powell
	Instructional Manager


Members-at-large:
Sha Ma



Joshua Marron

Piotr Mitros



Jeremy Schwartz
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For information on sponsoring MASLab, please contact maslab@mit.edu.
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Teams made extensive use of the MASLab workshop 


during the construction of their robots.





Robots collect red balls (including those in green tubes) and deposit them in 


yellow mouseholes.





Created by the MASLab staff, the OrcBoard and OrcPad provide an interface to sensors, servos, and motors.





Students viewed telemetry and debug data using a visualization package called BotClient.





This team consisted of a freshman (Undecided) and two juniors (Aero-Astro and EECS) who live in on the same hall and decided to build a robot for MASLab 2004.
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