Design Project Management
Exam Two
Name:_________________________________________________

TO BE COMPLETED AS AN INDIVIDUAL EFFORT AND SUBMITTED IN CLASS ON 19NOV08

Assistance on the problems can be obtained from CAPT Wilczynski (by either dropping by, calling, or e-mailing).
This Exam covers the mechatronics, presentation, and design process material presented in class since the previous exam.  

All of the references used in class (with the exception of one: Working with Servos from The Robot Builder's Bonanza) are provided at the course wiki (http://dpm1480.pbwiki.com/) in the Exam 2 Material folder.  Note that there are at least 30 references provided in this folder.
Questions associate with specific handouts are referenced in the question, with a link to the relevant handout.  Additional information may be sought to answer each question.

Please complete the questions on a separate piece of paper (rather than cramming all of your thoughts into a small area on this exam).
Topic One: Signal Transformations


1.  Explain how a physical action such as moving a joystick can be used to create a voltage signal proportional to its location.  Include diagrams to augment your written description.

2.  Analog-digital (A/D) converters transform voltage signals into discrete output levels associated with integer numbers.  Create a table of the 16 discrete voltage ranges that can be measured, their associated digital representations, and integer values for a signal that varies from 0-5 V measured with a 4-bit analog-digital converter.


3.  Pulse Width Modulation is often used to transmit electronic signals.  Over a prescribed interval (for example 4 ms) the signal will pulse between ground ( 0V ) and its high value ( 7.2V in the diagram below), with the length of the pulse corresponding to a specific signal being transmitted.  PWM signals can be easily generated and interpreted by integrated circuits, and are therefore commonly used in electronic circuits to convey information.  The following questions are based on the PWM signal:


3a.  For a signal with a period of 4 ms, create a table that maps a specific pulse width to each of the 16 discrete voltages determined in question 2.  


3b.  Explain how a PWM transformation can be used to convey information between two components of an electronic circuit (for example a sensor circuit and a logic circuit).

3c.  Explain how a PWM signal is used with a servo-motor to command a position.


3d.  Explain how a PWM signal can be used to power a DC motor over a range of speeds. [image: image2.jpg]72V
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4.  Why do servo-motors require three wires, while DC motors only require two wires?

5.  In addition to its DC motor, what other components are included in a servo-motor and what are their purposes?


6.  Electronic control circuits operate with only two voltages (a HIGH of 5V and a LOW of 0V) at low currents (mA range), while DC motors often draw high currents over a range of voltages.  To power a DC motor, a motor driver (AKA motor controller) is used as an interface between the control circuit and the motor.  Depending on the motor's power draw, the controller could be an integrated circuit or a separate electronic device.  Provide four examples where a motor controller is used.  Extra credit will be awarded when you identify the motor specifications (voltage and current draw) that is powered and its associated controller (voltage and current range).  Your examples can range from the blimp project, to your car, to other applications.
Topic Two: Sensors  

References:

http://dpm1480.pbwiki.com/f/Blimpduino%20Control%20Board%20(DPM%2024).docx
http://dpm1480.pbwiki.com/f/IR%20Beacon%20Data%20Sheet.pdf
http://dpm1480.pbwiki.com/f/UltraSonic%20Sensor%20Data%20Sheet.pdf

7.  Four IR detectors are used on the BlimpDuino board to determine the orientation of the strongest IR signal that is detected at any time.  The IR detector is a combined IR receiver and circuitry that has three connection points, one for +5V power, another for ground, and a third that carries the generated signal.  What two signals are generated by the IR detector (and transmitted to the main control IC) to indicate the two states that it measures (i.e. IR detected and IR not-detected)?  (Note, this question is relatively simple to answer.)

8.  The ultrasonic sensor on the BlimpDuino board includes an ultrasonic transmitter, receiver, and the necessary circuitry to interpret the measured distance and convert that measurement into a PWM signal and as a varying voltage signal that ranges between 0V and Vcc (the board's HIGH voltage).  These signals are then carried to the main control IC.  Based on information provided in the data sheet, how many bits are used on the A/D converter integrated on the ultrasonic sensor circuit board.
Topic Three: Programming

References:

http://dpm1480.pbwiki.com/f/Latest%20(061108)%20BlimpDuino%20Code%20word%20file.doc
http://dpm1480.pbwiki.com/f/arduino%20Reference%20Commands.pdf
Two references are noted above: a print-out of the BlimpDuino code, and a reference page for Arduino-programming language commands.  The code print-out reference includes a screen shot of the programming environment, and a list of all code, organized by the subroutines [image: image1.png]B Arduino - 0012 Alpha
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that are called by the main loop (BlimpDuino).

9.  The first part of the main loop establishes variables with the command "define."  Using the Arduino reference page, explain this command.

10.  Explain what the code line "# define DOWN LOW" means (note you will need to specify what the Arduino-language for "LOW" means as part of your explanation).


9.  The line "#define led_west 13" identifies the Digital Input/Output line #13 on the micro-processor as the variable name "led_west."  Knowing the discrete voltage values that can be transmitted by any single pin from a micro-processor, why is this mapping (i.e. the wiring connection to an LED mounted next to the West IR sensor) appropriate? 

10.  The variable "system_state" is used in the code to execute a specific component of the program based on the value of that variable.  The programming statement "case" is used to execute even more specific sections of the code based on the case of a defined variable.  Within the subroutine AutoPilot, explain the blimp's possible actions when in "system_state=2".

11.  This question combines the topics of programming, sensors and control.  Two control references that may be helpful are: 

http://dpm1480.pbwiki.com/f/PID%20Control%20One%20Page%20Summary.pdf
http://dpm1480.pbwiki.com/f/PID%20without%20a%20PhD.pdf  .
Of the two sensors, only the ultrasonic sensor is used with PID control.  Explain why this sensor can be used for PID control and the IR sensors cannot be used for PID control.

12.  Explain how the code determines which IR beacon has the strongest signal.

Topic Four: Electronic Layouts and Schematics

References:

http://dpm1480.pbwiki.com/f/blimp_SMD_V43_schematic.pdf
http://dpm1480.pbwiki.com/f/blimp_SMD_V431_Schematic.pdf
http://dpm1480.pbwiki.com/f/blimp_SMD_V432_Schematic.pdf
http://dpm1480.pbwiki.com/f/blimp_SMD_V43%20Board.pdf
http://dpm1480.pbwiki.com/f/blimp_SMD_V431%20Board.pdf
http://dpm1480.pbwiki.com/f/blimp_SMD_V432%20Board.pdf
Note:  Three versions of the board and schematic have been issued as the designers progressed through the prototype process to a final design.  Before the circuit boards were produced, the electronics were in a more primitive form on a bread-board.  The complete history of the board’s development can be followed via:
http://dpm1480.pbwiki.com/f/diydrones-com_BlimpDuino.pdf

13.  Using the board layout drawing and the board history document (for V43 of the board), identity the purpose of the following components on the board:  IC1, IC3, IC4, IC5, D4, and R6.


14.  Some elements on the board, for example the input power connection, are illustrated with only one terminal connected to another component (in either a red trace along the top of the board or a blue trace along the bottom of the board).  What is the other terminal connected to?


15.  What two pins are connected when the off/on switch is "on" and how does this connection power the rest of the board?

16.  Identify the components that are instantly powered when the battery is plugged in, regardless of the switch position.


17.  What is the purpose of pins 3 and 6 on the L293D chip?


18.  How does the L293D chip communicate with the board's main chip (MEGA168) that is executing the down-loaded code?  What signals are transmitted as a means of communication?


19.  How does the ultrasonic sensor communicate with the board's main chip (MEGA168) that is executing the down-loaded code?  What signals are transmitted as a means of communication?


20.  How does the ultrasonic sensor get power?


21.  What is the purpose of "ADC0" on the schematic?  (Hint: resistive ladder, with fixed resistances).

22.  The board layout and schematics for the V43 and V432 versions of the board differ for the pins on SRV_OUT.  How is pin 1 of SRV_OUT used in each board?  Note that pin 1 of SRV_OUT is connected to a specific pin on the MEGA168 main chip in V432.  What is this MEGA168 pin connected to in the V43 board?

23.  The computer code assigns connections based on indentifying labels defined within  the MEGA168’s ROM (for example "#define IR_FRONT 8" means that the MEGA168 Digital Input/Output 8 is assigned to the front IR detector).  What physical pin on the MEGA 168 is this sensor connected to?  Where is this IR sensor located with respect to other components on the board?

24.  What pins are used to power the MEGA168 chip?


25.  What voltage levels are carried on the red and blue traces indicated on the board layout diagrams?

Topic Five: Presentations 

References:

http://dpm1480.pbwiki.com/f/Lessig%20Method%20of%20Presentation.doc
http://dpm1480.pbwiki.com/f/Presentation%20Score%20Card.docx
http://dpm1480.pbwiki.com/f/presentation_tips.pdf

26.  Describe six techniques that can make your presentations stand out (in a positive sense) from others who may be slightly-less informed on the nuances of making a powerful presentation.  What three fundamental points do you need to cover in any presentation?
Topic Six: Living the Design Process 

References:

http://dpm1480.pbwiki.com/f/www-wired-com%20Arduino%20Open%20Source%20Development.pdf
http://dpm1480.pbwiki.com/f/diydrones-com_BlimpDuino.pdf

27.  While the course has been using a design process (by designing a competition) to learn about the design process, we have also had a front row seat to an on-going design process revolving creating a packaged control system for blimps (including hardware and software).  Based on the referenced material, which phase of the design process has been the most time consuming for the blimp system?  Please explain your answer.  
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Typical PWM signal (measured from the BlimpAudiuno board)








