ECE 480 Brief Project Descriptions

PLANNED PROJECTS:

Team 1:  Smart Grid Ready, Accessible Wheelchair Battery Charger 

Sponsor:  MSU Resource Center for Persons with Disabilities
This accessible electric vehicle charging control will communicate with the home smart meter and enable charging during low demand hours. Other optional features may include a user interface that initiates verbal feedback of charge status and override options. This appliance will follow UCA IUG open recommendations (OpenHAN, Open Home Area Network and OpenHMI Human Machine Interface). 

This charger will be installed in the home of Jim Renuk and be used to charge his wheelchair. The team will also address problems Jim experiences with physically plugging in the charger. 

Other features such as power factor correction and grid power generation can be included. This is of great concern to utilities as more battery chargers and electric vehicles become used.  

The team may propose to contact eTec and other electric transportation research and development firms, to model accessible electric vehicle charging networks and stations.

Project Contact: 
Stephen Blosser

Assistive Technology Specialist

Michigan State University

Resource Center For Persons with Disabilities (RCPD) 

120 Bessey Hall East Lansing, MI 48824-1033

http://www.msu.edu/~blossers
Team 2:  Accessible Manufacturing Equipment Phase 2
Sponsor:  MSU Resource Center for Persons with Disabilities
This project is to reengineer and update the electronic controls for an accessible material cutting machine that is used to cut pleated ribbons to length. The current machine which is in use was constructed by an ECE 480 team during the fall of 2008. The users have requested features such as speed controls and other performance-enhancing changes. This robotic machine uses electrically actuated clamps, linear actuators, stepper motors, rotary electric cutter and a microcontroller circuit. It also has a large LCD that displays the length it is cutting. I talks via a voice output circuit announcing the length.

It is suggested that the controls utilize LabVIEW or RobotC to facilitate ease in making future changes.

The ECE 480 team will be working with David, a disabled individual, who uses this machine as a source of income. He will be part of the design team and will be present on design day to demonstrate the finished device. 

Project Contact: 
Stephen Blosser

Assistive Technology Specialist

Michigan State University

Resource Center For Persons with Disabilities (RCPD) 



120 Bessey Hall East Lansing, MI 48824-1033




http://www.msu.edu/~blossers
Team 3: FPGA Implementation of Driver Assistance Camera Algorithms 

Sponsor:  Xilinx Inc.
 The use of cameras on passenger vehicles to assist the driver in safe vehicle operation is expected to rise dramatically in this decade.  The increase is partially due to government legislation.  For example, NHTSA will be issuing a ruling early next year which will likely require all passenger vehicles to have a rear-view camera installed by the middle of the decade.  The primary use of many cameras will be to provide an image to the driver via a display mounted somewhere in the dashboard.  In addition, many OEM’s plan to use camera’s and associated image processing to issue warnings (audible or haptic) to drivers for specific driving situations.  For example, image processing applied to a rear-view camera can warn a driver of a pedestrian approaching from the side of the vehicle.  Similarly, image processing applied to a forward-looking camera can detect when a vehicle is departing its lane and an appropriate warning can be issued.
This area of “Driver Assistance” product development requires the image processing algorithms to be quite robust and quick to respond.  With multiple camera inputs of VGA for even HD resolution running at 30 fps, the processing performance requirements can be very high.  Therefore, hardware acceleration approaches for advanced image processing algorithms are of great interest to Tier 1 automotive suppliers.  The problem is how to achieve high levels of performance in a reliable and cost effective manner.
To solve the problem, many automotive engineers are turning to FPGA (Field Programmable Gate Array) devices as a means to cost effectively develop and bring-to-market new Driver Assistance products.  The proposed project will provide students with a development environment (described below) in which to create and implement a variety of image processing algorithms targeted at solving rear-view camera application issues being considered by the automotive industry today.

For rear view camera applications, functions of interest are 1) basic object detection (and discrimination from shadows, etc.), 2) object classification (e.g. pedestrian, vehicle, etc.), 3) monocular ranging (distance to a detected object), and 4) motion estimation among others.  These types of functions would be used by higher level algorithms to determine when to illicit a warning.  The higher level algorithms should NOT be the focus of this project.  Instead, development and efficient implementation of the lower level image processing functions should be the priority.  The implementations are expected to include both embedded software processing and hardware acceleration.  Xilinx FPGA’s offer a soft-core 32-bit RISC processor for the embedded portion and programmable fabric in which to implement the hardware acceleration.

It is not expected that a single project team address all the functions.  Instead each team should focus on a single (or at most two) functions within a semester.  This project may span multiple semesters with one student team handing off their developments to a subsequent team for the addition of more functionality.

The project will consist of several logical steps.  The team will be provided with some example rear-view camera scenarios upon which their algorithm development can be based.  The algorithm development can take place on a PC-platform utilizing a processing tool like MATLAB to prove out methods.  Once the algorithm is defined, it will be ported to an FPGA development environment (see below) and partitioned between the on-board embedded processor (e.g. MicroBlaze) and FPGA fabric.  Design of the hardware fabric will require either knowledge of HDL coding language or use of a MATLAB/Simulink synthesis tool (System Generator) that will be provided.
Project Contact: 
Paul Zoratti



Automotive Systems Architect




Driver Assistance Platforms Manager




Xilinx



248-491-4973



paul.zoratti@xilinx.com
Team 4: Brushed-DC-Motor Controller
Sponsor:  Texas Instruments
The students will build an MSP430 DIMM to fit into the DRV 8812 EVM (which is a motor Driver Card).   This is a hardware exercise in developing a card EXACTLY to specifications.  TI will provide the complete C2000 version of this.  The SW effort will be to spin and control a brushed DC Motor.  TI will provide the motor requirements.  

 The software conventions used in the TI C2000 Motor Control Library are to be used as they adapt to the TI Control Suite.  
TI will provide the C2000 Based EVM (which includes the analog card that the Processor DIMM needs to connect to:  No need to reinvent this; the DIMM is intended to work with this card seemlessly.

Goal: Develop reference design/EVM that demonstrates brushed-DC-motor control using MSP430 and TI's DRV88xx H-bridge drivers. Design is to include selectable BEMF/tachometer inputs for constant speed control. Characterize the motor response to load changes when in the constant speed control. EVM is self contained with interface to MSP430 development tools running on a PC.  The team should Design an MSP430 DIMM to TI’s ControlCard ™ specification which will be provided.  It will need to interface directly to the DRM8812 analog Motor Drive electronics CARD.
Resources:

http://processors.wiki.ti.com/index.php/Category:Development_Tools_for_C2000
All of the controlCARD “stuff” they need is in controlSUITE

C:\ti\controlSUITE\development_kits\~controlCARDs\CC2803xHWdevPkg

or download this w/o the overhead of controlSUITE from 
http://www.ti.com/lit/zip/sprc836
C:\TI_F28xxx_SysHW\CC2803xHWdevPkg

All Software for Motor Control should follow the Control Suite specified SW conventions as defined for the C2000 when creating the MSP430 Card.

Motor Driver Details:
Brushed DC motor (supplied)

Motor voltage 24V

Motor current based on driver capabilities and motor requirements Surge/starting current limited Short circuit protected Thermal protection

PWM Drive:

Supersonic PWM

Phase/Magnitude

H-Bridge (see driver datasheet)

Appropriate heatsinking on the board

Circuit Board Design:
MSP430 microcontroller F2x family may be suitable JTAG or SPYWIRE programming and monitoring.   Appropriate monitoring of test points

Documentation:
Source code

Operation manual

Test results

Thermal calculations example

Application hints

Command Inputs:
Good - potentiometer for speed set and pushbutton/toggle switch for direction control. Better - A PC interface for speed and direction control that includes a simplistic GUI.

 Best - The PC interface also displays various operating parameters such as measured RPM, current and temperature along with the control parameters.
The goal is to publish an application note showcasing the MSP430 and the DRV device in a real application.

Deliverables:

Finished EVM circuit board fully documented Source code software to drive motor based on input commands Documentation on characterization and test results Schematics and bill-of-materials PC software if a PC interface is used

Project Contact:  
Tim Adcock




zoot@ti.com



214-315-9621

Team 5:  Smart Glass Bi-Functional Projector Headlamp Shield
Sponsor: Hyundai-Kia America Technical Center
The intent of the project is to develop an automotive bi-functional projector headlamp shield utilizing smart glass technology as a potentially a lower complexity, more durable alternative to current shield designs.  Smart glass is an electrically switchable glass which changes light transmission properties with applied voltage.

Current automotive bi-functional headlamp shield systems are primarily motor- or solenoid-driven systems with a shaft and/or linkage attached to a stamped-metal, rotating shield.  The shield rotates into and out of the light beam depending on the driver’s selection of low- or high-beam mode, respectively.

The alternative is to replace the current shield system with a piece of stationary smart glass having the ability to change light transmission properties based on applied voltage (opaque mode for low-beam, transparent mode for high-beam).  Smart glass of the electrochromic type is used widely in auto-dimming automotive interior, rear-view mirrors.  Smart glass is also becoming more common in the commercial and residential construction industries for sunlight and/or privacy control of windows.

The deliverables of the project consist of the following:

· Determine system performance (light intensity vs. time) by testing current headlamp sample (to be provided by sponsor)

· Determine the appropriate smart glass technology to be used based on research and sample testing (SPD, PDLC, electrochromic, reflective hydride, etc.)

· Determine the appropriate voltage range specification for switching the smart glass

· Develop the hardware and control module for a smart glass projector shield

· Develop control software that is capable of communicating and controlling a current vehicle’s low/high beam system based on existing engineering specifications (to be provided by sponsor)

· Optical requirements are based on current Federal Motor Vehicle Safety Standards (FMVSS) regulation and engineering specifications for headlamps (to be provided by sponsor)

· Size (width & height) and shape of the shield should be equivalent to the current production shield (thickness is variable)

· Switching time of the shield should be equivalent to or faster than the current production shield (as measured from the current headlamp sample)

· Fail-safe mode in the event of power loss should be low-beam mode

Design and build a test fixture to perform component bench testing and demonstrate system performance (light intensity vs. time).
Project Contact: 
Michael Gava




Lamp Engineering Design




Hyundai-Kia America Technical Center, Inc. 




6800 Geddes Rd, Superior Twp, MI  48198



734.337.2829




 mgava@hatci.com






