Lab 3:  Design of a Custom Light Sensor



Introduction:

This lab is intended to provide an introduction to the design and testing of custom sensors for use with your robots. The hope is that this task will be easy enough to serve as a good starting point, yet challenging enough to expose you to some of the common problems encountered in the design of sensors.

Reading:

Robotic Explorations by F. Martin, Chapter 2.  You should also obtain and review the powerpoint slides for the four lectures covering topics in electronics related to sensor design.  

Additional help can be found by visiting www.ee.siue.edu/~gengel/ece492.
Skills:

Programming, analog signal interfacing, design and testing of electronic circuits.

Lab Goals:

· To become familiar with interfacing sensors to the Handy Board

· To design, build, and test a custom electronic circuit that can locate a light source

· To work as a team on an integrated system that includes mechanics, electronics, and computation.

· To have even more fun than you had on the last project :)

Team Assignment:

Design and build a light sensor for use with your robot that can "home in" on a light source.  Successful completion of this challenge will require your robot to "home in" on a light source to reach a goal area. 

The goal area is defined as the set of all points in the working plane within 6" of the light source. The robot's initial position and orientation with respect to the source will be unknown, but will not be greater than 24" away, and the initial heading will diverge no greater than approximately 45 degrees from the optimal path to the source.   The light source will consist of small light bulb located in the center of the circle and elevated off the surface by a distance of approximately 6 inches.
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Initially, the light source will be turned off.  The light will remain off for a minimum of 15 seconds.  The robot should remain "quiet" until the light source is turned on.  Once the light source is turned on, the robot should "home-in" on the source as quickly as possible.

The task will be considered achieved when any part of the robot crosses into the goal area and stops there.  In other words, the robot only needs to be touching the goal area (as opposed to contained in), but must be able to stop there.   A black line (0.5" wide) will encircle the light; thereby defining the goal area.

You MUST use the custom sensor for "homing-in" on the light source, however, other LEGO sensors may be used for tasks such as determining when the robot has reached the goal zone and should stop.  

Custom Light Sensor Design:

You will be provided with a printed circuit board (PCB) and parts.  You will then need to build the circuit illustrated below.   Circuit operating principles will be discussed in class. There is a zipfile (help.zip) on the website that contains the ORCAD schematic for the circuit.  The zipfile also contains the PCB layout file and C-routines to help you collect test/calibration data.

If you wish, the circuit may be simulated using PSPICE.  You need to choose values for all of the components.  Justify all design decisions.  Please feel free to modify the values to improve performance.  The resistors RP1 and RP2 represent the resistance of two photocells (left and right eyes).
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Do not feel compelled to build the entire board.  You only need to build those parts you need.  Although, I strongly suggest that if you decide for example to use a single photocell, you base that decision on trying for example both the single-ended and differential technique and can present data to support the claim that the single ended technique works as well as the differential approach. 

Demonstration:

· Your team will sign up for a demonstration time between March 01 and March 03. 

· Demonstrations will be held in EB 2029.

Hand-in:

· A lab report describing your team’s design. It must include pictures of the completed printed circuit board and include schematics indicating the values of all components.   

Moreover, you should justify all design decisions and describe how effective the robot was in "homing-in" on the light source.  The lab report should also include data taken for testing and/or calibration purposes.   You must also analyze and interpret the test data.   Design alternatives should be discussed in detail.  

· Team Meeting notes (as described in the General Lab Philosophy)

· Due date: March 4th at 5pm. Soft copies should be mailed to Erin Harris.

Evaluation:

· Behavior: 50 points

· 10 points for waking up when light is turned on.

· 10 points for pointing in the direction of the light source.

· 10 points for reaching the goal area.

· 10 points for correctly stopping in the goal area.

· Up to 10 points for exceeding expectations: for example, working at a distance significantly greater than 24", using only the custom sensor, completing the task in under 10 seconds,  capable of following slowly moving light source etc.

· 40 points: Lab report.

· 10 points for grammar, spelling, etc.
· 10 points for clarity of writing.

· 10 points for quality of design and justifying all design decisions.

· 10 points for presenting and analyzing data taken during testing/calibration.

· 10 points: Team Meeting Notes.

