BUMPBOT DISPLACMENT LAB

I. Purpose: For students to use displacement calculations and understanding to position barriers in the correct location maneuvering a CEENBoT in “bumpbot mode” through a square from start to finish. 

General Explanation: CEENBoTs placed in “bumpbot mode” will drive forward until either their left or right front facing sensors detect a surface.  Then the CEENBoT will back up and turn exactly 90◦.  If the left sensor is triggered first the CEENBoT will turn right, and if the right sensor is triggered first the CEENBoT will turn left. 

II. Materials: CEENBoT, 5 wooden barriers (12 in x 4 in 2 pieces of wood screwed together make an L shape), meter stick, masking tape, protractor, laser pointer

**CEENBoT Commander and AVRISP In-system programmer

FACTORS AFFECTING CEENBoT PERFORMANCE:

**Carpeted floor works best as the CEENBoT slips on tile causing measurements to be off

**Speed of the CEENBoT affects the distance the sensors trigger making the CEENBoT turner around at a distance farther or closer to the barrier. MUST USE A CONSISTENT SPEED!

**Angle of the CEENBoT when it begins is the most important angle after that no matter the angle of the barrier the CEENBoT will turn 90◦.  The angle of the barrier only aids in triggering the right or left sensor first.

 III. Procedure:
1. Obtain materials.

2. To have the CEENBoT function at a constant speed and backups a constant distance when in bumpbot mode it must have a program installed using the AVR Programmer.  The program can be downloaded in the attached zip file (S152_SPIRIT_Travelscalar_or_Travector_O_Vectors_CEENBoT_Vectors_Program.zip) and installed using CEENBoT Commander.

3. Tape off a 2 x 2 meter square on the floor. 

4. Tape the start and finish lines (40 cm wide) on opposite corners as shown in bumpbot square diagram.

5. Class together will demonstrate how to use the bumpbots using 2 & 1 barriers set at the correct speed of 70% or approximately 0.22 m/s. 

*Note: At this speed the “bumpbot mode” triggers 6 cm or 0.06 m away from the barrier and backs up turning such that the wheel closest to the barrier is 8 cm or 0.08 m away from it.  You may want to calibrate for each CEENBoT.

6. Next students working pairs will have the challenge of setting up 4 barriers, 1 barrier, 3 barriers, and 5 barriers (if time permits).  

Note: These are in order of least to most difficult.

7. Students will be asked to calculate and draw out the location of each barrier prior to attempting a run through each barrier.

8.  Students will also be asked to calculate the overall time they expect a CEENBoT to take running through the course. 

9. Students will be asked to clean up the square and return the CEENBoTs. 
IV. Data/Questions:
4 Barriers

*1st Draw location of barriers based on the initial first barrier location (0.3 m, 0.7 m, 0.9 m, 1m, or 1.2 m) label each barrier as 1st, 2nd, etc. also label the angle (use the quadrants method 90˚,180˚,270˚,360˚)  as well as distanced traveled between each barrier. Don’t forget to account for the distance the CEENBoT backs away from the barrier.

Note: This is varied to cause students to pick a location other than 0.5 m, which was already demonstrated in the 2 barrier example as well as so each group will come up with different answers rather than watch one group and mimic their results.
*2nd Run the CEENBoT through the barriers.

A) Was the CEENBoT able to make it through hitting the barriers on the first try?  If so explain what you did right, if not explain what adjustments needed to be made?

3rd Calculate the total time it should take the CEENBoT to run through hitting each barrier. _______________ seconds. (Add 1.35 seconds for each time the CEENBoT must back up from a barrier and turn 90˚.)

4th Next, run the CEENBoT through the barriers, but time it. Repeat it three times and calculate the average. 

Time 1 ___________

Time 2___________

Time 3___________

Average time ______________

B) Did the average time come within +/- 0.5 seconds of the predicted time? Explain what might account for any differences if there were any?

--------------------------------------------------------------------------------

1 Barrier

*1st Draw the location of the barrier.  Label the angle as well as the distance traveled to and from the barrier. 

(Note: Students will need to use Pythagorean’s Theorem to calculate the distance.)

2nd Run the CEENBoT through the barrier.

A) Was the CEENBoT able to make it through hitting the barriers on the first try?  If so explain what you did right, if not explain what adjustments needed to be made?

3rd Calculate the total time it should take the CEENBoT to run through hitting each barrier. _______________ seconds. (Add 1.35 seconds for each time the CEENBoT must back up from a barrier and turn 90˚.)

1 Barrier continued…
4th Next, run the CEENBoT through the barriers, but time it. Repeat it three times and calculate the average. 

Time 1 ___________

Time 2___________

Time 3___________

Average time ______________

C) Did the average time come within +/- 0.5 seconds of the predicted time? Explain what might account for any differences if there were any?

D) In the 4 barriers it was easier to calculate the time it took, why was it easier with 4 barriers than with 1 barrier?  

------------------------------------------------------------------------------------------------------------

3 Barriers

*1st  Draw location of barriers label each barrier as 1st, 2nd, etc. also label the angle (use the quadrants method 90˚,180˚,270˚,360˚)  as well as distanced traveled between each barrier. 
*2nd Run the CEENBoT through the barriers.

A) Was the CEENBoT able to make it through hitting the barriers on the first try?  If so explain what you did right, if not explain what adjustments needed to be made?

3rd Calculate the total time it should take the CEENBoT to run through hitting each barrier. _______________ seconds. (Add 1.35 seconds for each time the CEENBoT must back up from a barrier and turn 90˚.)

4th Next, run the CEENBoT through the barriers, but time it. Repeat it three times and calculate the average. 

Time 1 ___________

Time 2___________

Time 3___________

Average time ______________

B) Did the average time come within +/- 0.5 seconds of the predicted time? Explain what might account for any differences if there were any?

C) How is using 3 barriers more difficult than 2 or 4 barriers?

5 Barriers

*1st Draw location of barriers label each barrier as 1st, 2nd, etc. also label the angle (use the quadrants method 90˚,180˚,270˚,360˚)  as well as distanced traveled between each barrier. 
*2nd Run the CEENBoT through the barriers.

A) Was the CEENBoT able to make it through hitting the barriers on the first try?  If so explain what you did right, if not explain what adjustments needed to be made?

3rd Calculate the total time it should take the CEENBoT to run through hitting each barrier. _______________ seconds. (Add 1.35 seconds for each time the CEENBoT must back up from a barrier and turn 90˚.)

4th Next, run the CEENBoT through the barriers, but time it. Repeat it three times and calculate the average. 

Time 1 ___________

Time 2___________

Time 3___________

Average time ______________

B) Did the average time come within +/- 0.5 seconds of the predicted time? Explain what might account for any differences if there were any?

V. Conclusion:

If asked to calculate the displacement of the CEENBoT from start to finish verses the distance, what would be the difference? 
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