ECE 480 Brief Project Descriptions

Spring, 2008
HUMANITARIAN PROJECTS:
Team 1.  Beep Baseball Base Controller User Interface
Sponsors:  Midland Michigan Rotary and MSU Resource Center for Persons with Disabilities (RCPD)
     Prior ECE 480 teams have redesigned the “beep baseball” and the remote-controlled beeping bases used in a game played by players with limited or no eyesight (see www.egr.msu.edu/classes/ece480/goodman/fall/group06/documents.html and last semester’s web page for Team 1.  The international game of beep baseball only uses 2 beeping bases. These bases are placed in the first base and third base position. When a blind batter steps up to the batting position he will hear first base beep for one second followed by a third-base beep for one second. This gives him orientation for hitting the ball. When the batter hits the ball one of these two bases will begin to beep continuously.  The batter must run to this beeping base. When the batter arrives at this base the beeping is turned off.  

     A sighted user watches the game of beep baseball and controls turning on and off the bases through the beep baseball base controller user interface. The mission of this semester’s project team is to build this handheld, battery-powered, wireless controller with the following features:
1. Main power switch, a recessed slide switch which turns on and off power to the unit.

2. Blinking green LED which indicates power is on. (Blinking is used to conserve battery power)

3.  Blinking yellow LED which indicates battery power is low. 

4. A removable battery compartment cover to allow replacement of the battery (this is needed even if the batteries are rechargeable)

5. A channel select switch located under the battery compartment cover. This will select the wireless channel used for communication with the bases. This switch may be rotary or dip.

6. A momentary button switch labeled "Test." When this button is pressed first base beeps for one second, followed by third base.

7. A momentary button switch labeled "Base on/off" When this button is pressed, first or third base begins beeping. The selection of which base beeps is random, created by a random number generator.

8. Two red LEDs one labeled "Base 1" and the other labeled "Base 2". These red LEDs blink each time a transmission signal is sent to the base. They stay lit to indicate when the base is left on. 

     Other potential improvements may also be made to the base receivers if time permits. Suggestions to reduce the cost of the wireless components would be very much appreciated.

Team 2.  Sip and Puff Interface to an “All-in-One Remote” 

Sponsor: MSU Resource Center for Persons with Disabilities (RCPD)
     This project is to design a sip and puff  interface to an all-in-one remote that will enable a quadriplegic to do the following tasks:  use the telephone and initiate emergency calls, control the thermostat, turn on and off lights in the room, turn on a fan, control the radio and television, change stations and volume, lock and unlock the door, operate an electric bed. 
     Bob Bailey and his son Brook have agreed to participate with MSU  in the development of an inexpensive environmental control system based on the latest “all-in-one remote”  from X10 Power House. Bob experiences quadriplegia and lives in his own mobile home with the assistance of independently hired personal assistants.  Bob is alone during the night it and it is critical that he have independent access to devices in his home. 

There are very expensive systems available on the market, but the goal here is to design and build one that could also be duplicated for other quadruplegic users, and provide them a financially feasible method to control devices in their homes.

Team 3.  Solar-Powered Laptop/Satellite Link for Rural African Use

Sponsor:  Lenovo Corporation

     Many people in rural Africa are without computer and network access.  Schools may not have access for educational use, and farmers may get less than the top prices for their crops by taking them to the wrong market, for example.  Network access could remedy such problems, but many people are in locations with no electrical service or network connectivity.  Lenovo is providing a grant to support development of a system, based on their laptop, to allow charging the battery using solar power.  A coordinated student team from MSU’s Dept. of Telecommunication, Informations Studies and Media will work with this team to design satellite access to the Internet from the machine, again powered by solar energy from the system designed by the ECE team.  The teams will need to interact strongly early in the semester to select technologies to be used and generate requirements and specifications.  At the end of the semester, they will need to work together to test the prototype systems developed.  Some team members may, if desired, have the opportunity to visit Tanzania under funding from the grant, to work on implementation of the project.  The project will continue into fall semester, 2008 (with new teams), to deal with implementation, cost, and manufacturing issues that surface from this semester’s initial prototype system.

SPARTAN SPIRIT PROJECT:

Team 4:  MSU T-Shirt Shooter for Detroit Lions Games

Sponsor:  MSU (College of Engineering and Office of the President)

     ECE and M.E. students designed and built a Sparty T-Shirt Shooter Tank in spring, 2007.  This tank has made such a hit (appearances are planned for hockey and basketball games this year) that the president and our dean have suggested that a new, bigger and better tank be designed and built to publicize MSU at Detroit Lions games and other similar events.  The current tank has limited maneuverability, and a stronger and larger, but not necessarily heavier, version would be even more useful.  Another joint team of ECE and M.E. members is planned, four from ECE and four from M.E.  While the design and features of the current tank may be useful guidelines, the team is free to come up with their own design, assuming that the final product is easy to use, maintainable, well documented, and attractive in appearance (after all, it’s advertising MSU)!  In particular, Sports Broadcasting has suggested that a wireless camera (“tank cam”) transmitting to receivers connected to the scoreboard, would be an excellent addition. Costs, including for a larger and lighter-weight pressure vessel, more powerful motors, and a lighter-weight aluminum structure, will be borne by the university.
OTHER PROJECTS:

Team 5.  Design of Electrostatic Gun with Evaluation of Spark Gap as an Electrostatic Protection Element in Printed Circuit Boards
Sponsor:  Bosch Automotive

*** CONFIDENTIAL PROJECT REQUIRING STUDENTS TO ASSIGN THEIR IP RIGHTS:  No student needs to agree to work on this project.  Putting a ranking other than “NO” on the preference form indicates the student’s willingness to sign a confidential disclosure agreement and an assignment of intellectual property rights to the sponsor of this project.  If you do not agree to sign those agreements, you MUST rank this project “NO.” ***

     Electrostatic Discharge (ESD) is one of the most important reliability problems in the integrated circuit (IC) industry. Typically, 1/3rd to ½ of all field failures (customer returns) are due to ESD and other failures known collectively as electrical overstress (EOS). Designing ESD protection circuits becomes more challenging as device dimensions shrink, particularly in MOS technologies. As ICs become smaller and faster, susceptibility of the protection circuits to damage increases due to higher current densities and lower voltage tolerances.  ESD protection due to the Human Body Model (HBM) should be designed via various protection techniques for all automotive electronic modules. One such method should use spark gaps as the ESD protection element.

      Your investigation must result in the design of a robust ESD gun (High Voltage source) and optimum spark gap (ESD protection element) to be implemented in the design of printed circuit boards for automotive electronic products. Research and engineering should focus on development and design of ESD gun and SG (Spark Gap) physical and behavioral parameters such as:

(1) Spark Gap Geometry Optimization
(2) Function (# of discharge events), gap conditioning
(3) Voltage – Current Behavior
(4) Electrical Model of ESD SG
Detailed specifications will be provided.
Team 6:  DigiDrive IVTM Platform Development
Sponsor:  Gormley System Engineering

*** CONFIDENTIAL PROJECT REQUIRING STUDENTS TO ASSIGN THEIR IP RIGHTS:  No student needs to agree to work on this project.  Putting a ranking other than “NO” on the preference form indicates the student’s willingness to sign a confidential disclosure agreement and an assignment of intellectual property rights to the sponsor of this project.  If you do not agree to sign those agreements, you MUST rank this project “NO.” ***

     DigiDrive IV TM   is a breakthrough development (patents pending) designed as a system of carefully selected products and services for a long-term customer relationship. The platform is a pivotal innovation integrating powerful logic/embedded processors, key software elements, and flexible hard-wired circuit connections in an open, expandable environment to enable the next generation of ubiquitous product features.  The implementation will be in two configurations, a Smart Phone and an embedded PSoC development breadboard.

     This project will advance the platform design to demonstrate the concept in working hardware and prove out its feasibility as a commercially viable product.  The features to be integrated into the system include GPS Navigation (Garmin), Mobile communication devices (hands free-voice tags & Bluetooth), vehicle diagnostics monitors (DigiMoto monitor) and several other features.  

     The design tasks include the development of a breadboard using the latest in wireless technology in an embedded processor, which has been selected for relatively easy adoption yet will show the commercial feasibility of the system. Also a simulation will be built to demonstrate the features of the system.

     The project team is expected to make unique technical contributions while working under the guidance of 2 very senior and experienced industry experts.  The devices to be integrated will be supplied to the team by the sponsor.
Team 7.     Test Apparatus and Procedure for Selecting Motor/Geartrain Combinations for Automotive Applications
Sponsor:  Lear Corporation
*** CONFIDENTIAL PROJECT REQUIRING STUDENTS TO ASSIGN THEIR IP RIGHTS:  No student needs to agree to work on this project.  Putting a ranking other than “NO” on the preference form indicates the student’s willingness to sign a confidential disclosure agreement and an assignment of intellectual property rights to the sponsor of this project.  If you do not agree to sign those agreements, you MUST rank this project “NO.” ***
     Lear is interested in developing tools to assist them in selecting appropriate DC permanent magnet motors (from among those available in the marketplace) and planetary geartrains to meet specified targets for automotive applications (power seats, power windows, etc.).  The team must develop a test apparatus (presumably involving a small dynamometer of some sort) to allow measurement of the delivered torques and speeds from the gearbox, faced with variable loads, to take into account the losses (frictional, etc.) in the geartrain from the ideal performance promised by the motor specs and the selected gear ratio (with data delivered to a PC).  An independent software module should aid the user in selecting from a library of available motors based on their manufacturers’ stated characteristics, choosing a gearbox according to gear ratio, power transmission and estimated losses.  The system will be demonstrated by using the software to generate a proposed solution to a specified problem, then using the specified motor and gearbox in the test apparatus and measuring the actual outputs, for comparison with the computer prediction.    
     The sponsor will provide detailed suggestions and will be extensively involved in interacting with the team throughout the semester. Weekly telephone conferences and frequent sponsor visits to MSU will be held. Team members with both a strong electrical and mechanical aptitude and interest are sought.
Team 8.  Ladar-Guided Control of Simple Robots from a “Mother Ship”
Sponsor: NASA Goddard Space Flight Center

     NASA Goddard Space Flight Center has sponsored a long series of projects aimed at developing technology concepts useful for eventual robotic exploration of other bodies in the solar system.  Last semester, a 480 team converted a set of monster trucks into robot platforms, and worked on developing guidance systems for them.  They also converted a ladar depth sensor from continuous motion to being driven by a stepper motor, but did not complete assembly of images from that ladar into topographic maps.  For this semester, the team will include students doing capstone work at the University of Maryland, with MSU students making use of their software libraries and know-how for controlling the truck robots and furnishing to Maryland software we develop for processing ladar images, including identification of the trucks in images so they can be given corrective commands to get them to their desired locations.  An additional (non-480) student at MSU will work with the team and Prof. Stockman (a computer vision expert) on the programming the vision software.  The MSU team members will also upgrade the “mother ship” that houses the ladar, installing new batteries, a new motor controller and a new stepper motor controller (for the ladar), a new onboard computer and wireless link, all supplied by NASA. NASA will also furnish a camera that can (optionally) be installed and integrated with the ladar imaging system. Obstacle avoidance capability for the trucks is also desired by NASA, and may be developed by the Maryland-based part of the team.  The team will have regular audio- and/or video-conferences between MSU, Maryland and the sponsor at NASA Goddard.
     Internships at Goddard Space Flight Center are a possible result of this project, for U.S. citizens/permanent residents; that is a possible path to potential hiring by NASA.

Team 9. Electrical Conductivity Test Device for Railroad Crossties

Sponsor:  Norfolk Southern Corp.

Railroads use sensing apparatus to detect the presence of locomotives/rolling stock.  If the electrical conductivity of the crossties joining the rails is too high, the sensor systems may detect a train when none is actually present.  A variety of crosstie treatments, including a borate salt, can affect the conductivity, as can the tie’s the ambient moisture and the relative humidity. The sponsor, Norfolk Southern Corp., wants the team to design a testing device, incorporating sensors and a microcontroller, that will determine the conductivity of a tie and sense other properties (moisture content, perhaps some chemical properties) and determine whether or not the conductivity is too high for the ambient conditions/tie composition, indicating a potential problem.  Technical staff at NS will assist the team in determining the properties to be measured and how to set appropriate thresholds for acceptability of the conductivity.
Team 10.  Small, Lightweight Speed and Distance Sensor 

for Skiers or Snowboarders

Sponsor:  US Air Force Research Laboratory, Sensors Directorate, WPAFB (Dayton)

     Project is to make a portable speed-measurement device that could be attached to the skier/snow boarder or the ski/snowboard itself… (without impeding any existing safety device). This device must function in cold weather (down to -10F) for at least 2 hours, on internal power. The device should be externally re-settable by a hand worn inside a winter mitten or glove. From reset, the device should record average and peak speeds in 1 minute blocks for a minimum of 10 minutes before turning off (with all data latched or stored). For safety purposes, the “display” for the device should be disabled during the run period (so the skier will not be distracted) and only function when the skier is completely stopped. (I.e. unlike a cell phone or GPS unit, the display blanks out if it detects the skier is moving). When the skier is stopped, the display should let the skier access the data visually or perhaps through a wireless earpiece. The device can measure speed with any reasonable method, using a simple Doppler noise radar, an ultrasonic sensor, or GPS. The device can be in one package mounted on the ski or skier, or can be divided into two packages. The idea would be that after 10 minutes (or user-selectable extended time) the unit would default to off to save power. When turned on, the existing data would be retrieved (if the user wants to see/hear it) or permanently saved/deleted (if they wanted to create a new record). Weight and cost should be minimized, with a goal of <2 lbs total weight, and a potential production cost <$500.






