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Robotics Lab: Field of View

The purpose of this lab is to explore the ultrasonic sensor's capabilities and limitations. It is worth 10 points.  It was adapted from one created by the Carnegie-Mellon Robotics Academy. This is a team project: turn in 1 write-up per group.  
1) Using a coffee can as the object to be detected, try to determine the ultrasonic sensor's field of view, the shape of the area in which it can detect an object.  First, using the NXT brick's "view" mode, determine the longest distance at which the sensor can detect the can directly ahead of it. Use masking tape to mark a line from the sensor to the can, and mark the point at which the can was detected.  This will be the center line.  Then, at successively shorter distances, determine the distance off the center line to one side or the other at which an object can be detected.  Do this by starting at a point where the can is not detected, and then nudge the can toward the center line until the can becomes visible.  Mark that spot with a small piece of masking tape. As you repeat this along a range of measurments, you will be marking out the boundary of the sensor's field of view.  Note the height of the sensor above the table, and do your best to make sure it is horizontal to the table.  Try to "connect the dots" for the pattern of marks you made.  Describe any pattern or outline of a shape that you see.  Don't get too hung up on being too precise here, just try to get a general idea of the width and depth of the field of view.
2) Draw a scale image of the field of view on the graph paper.  Be sure to include the scale you used (like 1 square = 1 inch, or whatever), the height of the sensor above the table, and your NXT kit number.

3) The ultrasonic sensor works by sending out high-frequency sound waves and measuring the amount of time it takes for the sound to reflect off an object and come back.  When the sensor could not detect an object, it was for one or more of the following reasons: 
a. the sound waves did not reach those areas
b. the sound waves were not reflected back to the sensor from those areas
c. the reflected sound waves were too weak to be detected by the time they returned.

Given this, try to explain the shape of the detectable area you drew for part 2 in terms of where and how far sound must travel in order to be sent out and reflected back.  (Hint: think about angles!)  

4) I have read that two ultrasonic sensors pointed towards one another will "get confused".  Does this make sense to you?  Please explain.  Working with another group, try it out and describe what happens.

5) If there is a small object like a can in front of the sensor, and a larger object like a person behind the can, will the sensor measure the distance to the can or the person?  What if the small object is smaller than a can?   Experiment with this and describe what happens.

6) Sound travels at approximately 13400 inches per second at sea level.

a. Identify the longest distance you detected an object at this exploration.  How long did it take the ultrasonic wave to reach the object? How long did it take to return to the sensor?  What was the total round-trip time for the sound wave?

b. If the object had been .5 inches farther away (roughly the smallest increment the ultrasonic sensor can detect, what would its sound wave travel time have been?

c. What does this tell you about the sensitivity of the timing circuitry in the NXT and the ultrasonic sensor?

7) Do you think the shape, texture, or material that the object is made of affects the range at which it can be detected?  Experiment with having the flat bottom of the can facing the ultrasonic sensor, and also with the open end of the can facing the ultrasonic sensor.  Do these difference positions affect the maximum distance at which the can is detected?  Can you explain it?
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