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EE 362 Laboratory Design Project

The laboratory design project for the Fall 2003 semester will be a sonar range finder. The
sonar module is the Polaroid 6500 Series Sonar Ranging Module, which has been packaged
with a connector that plugs into a standard telephone jack on the board. Utmost care
should be taken not to damage the modules as we have a very limited number (ten) of
them.

Design Requirements

• The sonar module should be used to send out a sound wave and receive its echo.

• The M68HC12B standard timer module (TIM) should be used to monitor the output
to and input from the sonar module in order to determine elapsed time between
outgoing and returning signals.

• The LCD module should be used to display the calculated distance in feet and
inches. (Suggested upgrade: Use the LCD to display instructions and ask the user
to specify whether to output the distance in English or in metric units.)

Guidelines

Software Each lab group should write all of its own code.

• Source code may be written in C or HC12 assembler or both.

• All source code must be commented thoroughly so as to be easily readable.

Hardware The sonar modules will be available from Jeff Sears in room SL 141 A.

• Modules must be signed out. Modules must be returned either the same day
before Jeff leaves at 4pm or before 8am the next morning. (In the latter case,
if no one is waiting for the module, you can sign it back out if you want to
keep working. :)

• In order to make sure that everyone gets a chance to use the modules, if
someone requests a module and all modules are in use, Jeff will ask the person
who’s had their module the longest to return it. For this to work requires the
following rule:

• Sonar modules may not be taken out of the lab between 7:30am and 4pm.

Groups Groups should consist of not more than three people.

• Each group member should make a significant contribution to the project,
and the report should indicate which members contributed to each part of the
project.
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• Students who have worked alone are encouraged to consider choosing lab part-
ners for this project.

• Students need not work with the same lab partners they have worked with in
the past, though of course they may continue to work with the same partners
if they have established a good working relationship.

Reports Lab reports are due in class Tuesday, November 25th.

• Each group will submit a single group report.

• The submitted report will not be returned, so each group member should keep
a copy.

• The source code and associated files (linker command file, header files, etc.)
must be provided on a floppy disk with the report.

• Printouts of the source code and associated files should be included in the
appendix of the report.

• For each piece of source code, you should explain what it does, how it works,
and any side effects of its execution.

• The report should contain a section indicating which members contributed to
each part of the project and what their contribution was.

Some Technical Information

Input Capture

The 68HC12 input capture peripheral will be used to measure the elapsed time for the
return trip of the sonar signal. Port T bit 6 is connected to the init input on the sonar
ranging module. The sonar echo line is connected to Port T bit 7. The data direction
register affecting these bits should be programmed appropriately.

To determine the round trip time you need to capture the clock times for the IC6 and
IC7 (init and echo) events. You can monitor the flag on the echo input capture signal to
determine when the echo has returned. The time between init going high and echo going
high represents the roundtrip time to the target. Set the capture edge for both input
captures to rising edge capture (TCTL3). Be sure to reset both flags (C6F and C7F of
register TFLG1) by writing ones to the corresponding bits before each measurement.

Start the sonar by setting the init signal (low-to-high transition). Don’t reset it until you
have detected that the echo has returned (C7F). The sonar roundtrip time is represented
by the difference in the two input capture clock counts (TC6 and TC7). Turn on the timer
module by setting the TEN bit in register TSCR. Program the input capture designator
bits in register TIOS.
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Additional Comments and Suggestions

Timer Module The design project uses the timer module of the microcontroller chip.
You will need to refer to Section 12 “Standard Timer Module (TIM)” of the M68HC12B
Family Data Sheet, which can be found on the web. (There is a link from the course
web page.) This section of the data sheet will provide the information you need to
program and use the registers associated with the Timer Module.

Sonar Module The E-clock speed for the system is 8 MHz. The speed of sound in
dry air is 331.45 meters/second. Write the program so that a distance of up to 20
feet can be measured before the compare registers overflows. Don’t forget that the
roundtrip is 40 feet. The clock speed can be slowed down by writing to the prescale
bits in register TMSK2. The sonar ranging module cannot detect objects closer
than 1.33 feet.

Unit Conversion To calculate distance in feet and inches from elapsed time, you could
first convert the echo travel pulse count to inches then use the C language modulus
operator to determine the remainder after a division by 12.

User Interface The pushbutton is connected to bit 6 of PORTDLC and can be used
to start the measurement. Make a measurement whenever the switch goes low
(pressed). Be sure to wait for the switch to go back high between tests. Running
the sonar device continuously will cause power to drop below an acceptable value.
Don’t forget to debounce the switch.

LCD module The sprinft(char *s, char fmt, ...) function writes a formatted
string to the buffer pointed to by s, and can be used in the same way as printf to
form a formatted ASCII string for output to the LCD.

Debugging When debugging, put a break-point after the start-bit check and verify that
the code waits for the switch to go low. Check to make sure the sonar echo line goes
high after the init line goes high. Test points are available and memory locations
can be examined using the debugger. Make sure that the init line and echo lines go
high. Check to make sure that CF6 and CF7 (TFLG1) are low before the start of
the range finding procedure and are high after the echo line goes high.

!!!IMPORTANT: Dip switches 6 and 7 are in parallel with the sonar device.

These switches must be in the 1 position for the device to function.


