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Proposal to build Master Chief
Objectives

Master Chief will be one of a pair of similar robots, the other being constructed by Justin Dickinson.  The robots will perform three major tasks:  advanced obstacle avoidance, target acquisition, and target termination.  The goal of the robot is to seek out its opponent and terminate it by shooting it with Nerf darts.
Advanced obstacle avoidance describes the forward and lateral movement portion of the robot’s behavior.  This will be based upon standard obstacle avoidance but with an addition.  Master Chief will be able to identify objects to hide behind and take cover while looking for its target.  It will move from cover to cover until its target has been located.
Each robot will have a colorful target mounted on its turret.  Master Chief will be able to identify and track this target.  The turret will receive positioning information from the chassis sensors so that it can track a target independently of the movement of the robot.

Once the target has been located Master Chief will launch Nerf darts at it until either the target is hit or visual contact is lost.  The target will have sensors to determine if it has been hit.  When the robot has been hit it will activate a beacon to let the opposing robot know the round is over.
Construction

The turret and the chassis are the two main segments of the robot.  

The chassis will have two hacked standard servos for drive motors.  As it stands the standard servos will barely perform satisfactorily.  They may be upgraded to high torque servos or a different kind of motor altogether.  The drive motors will be attached to a set of tracks.  Tracks were chosen instead of tires for multiple reasons.  The first and simplest is that tracks are cool.  A more legitimate reason is that they provide a good base for differential steering.  The other option considered was two drive wheels and one castor.  Tracks will be more stable than this option.  Last, tracks are easier to upgrade for rough terrain if the robot is to be improved at a later time.  The chassis will have a footprint of approximately 64 in2 and be around 3 in tall.  
Mounted on the chassis will be the sensors for obstacle avoidance.  Specifically, an IR sensor will be mounted on each corner.  Four bump sensors will be arranged with some sort of actuator to extend its lateral range.  These will be arranged so that there are no holes in the sensing range.  Last, two CdS cells will be mounted on the front corners with LEDs to perform edge detection.  This will be used in the cover finding behavior.  A gyro will also be mounted on the chassis to collect rotation data to aid in target tracking.
A turret will be mounted on the chassis.  This turret will be able to rotate about the vertical axis independent of the motion of the chassis.  This will be accomplished with another hacked standard servo.  Part of it will also be able to tilt about a horizontal axis.  This actuation will be done with an unhacked standard servo.  The range of this tilt will be approximately 10° below and 45° above the horizontal.  This two-axis part will support the launcher mechanism.

The launcher will look much like a football thrower.  Two opposing foam wheels with a diameter of 3.5 in will be driven by high-RPM motors.  The motors that have been selected are rated at 12,000 RPM and pull less than 1 Amp.  There is a concern about these motors not being powerful enough but they are around $1 each so they will be ordered and tested and then replaced if necessary.  The launcher motors will be mounted at a 10° offset about the projectile’s long axis, inducing a spiral motion and thereby increasing stability of the shot.  The launcher is estimated to be able to propel a dart 30 ft with a drop of 17 in.  Encoders consisting of a CdS cell, an LED, and a geared down black and white disk will be mounted to each motor.  These will be used for calibration to ensure that the motors are rotating at the same rate.  A gravity fed magazine will be mounted behind the launcher wheels.  A solenoid will push each shot along a track into the wheels, then retract to reload.  The colored target will be mounted on the magazine since this will be the highest part of the robot.  This target will be constructed so that it can be seen from anywhere around the robot.  It will also be uniform in height and have an array of bump sensors to determine if it has been hit. 
Also mounted on the turret will be a CMU camera.  This will be mounted such that its elevation angle is fixed.  This camera will be used to identify the target by blob detection.  It will then be used to track the target.  If there is difficulty identifying what objects can be used for cover the camera may be used for that as well.  Finally, the range to the target can be determined with the camera by finding the size of the target in the camera’s view.  

