[image: image1.png]10in

10in 00

in in

15in




[image: image14.wmf] 


[image: image15.wmf] 


Sensors Lab
Materials

      1 black poster board (3 ft by 3 ft)

      1 white poster board (3 ft by 3 ft)

      1 backdrop (a table board 6 ft by 2 ft)

         White construction paper

      1 RCX with a USB tower

      1 computer with ROBOLAB software
         Masking tape

Pre-Laboratory Questions
1. Compute the area of the following shape (for help on solving complex shapes such as the one below, see Appendix A): 
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2. What are some uses of sensor systems?

3. What color has the higher light intensity value: white or black? 

4. A dog is running at a velocity of 10 m/s.  It then runs through an electric fence maintaining its speed.  If the sensors in the collar do not allow the shocking to stop until the dog is 5 m from the fence, how long will the dog be shocked?

5. If sensors have a vertical sensing distance of 1 m above and 1 m below the sensor, at a distance of 5 m from what is being sensed, calculate the area of the two regions (1 and 2) that are not sensed by the sensor (see figure below).  See Appendix A for area calculation help.
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6. A potentiometer is a position/angular sensing device.  A knob on the device is capable of turning a full 360°.  If a wooden dowel with a flag attached to it, as in the figure below, the flag will point in the direction of the wind.  When the knob rotates, rubbing occurs in the potentiometer and the voltage changeds.  Briefly explain how you would know the direction that the wind is blowing when the voltage is known.  
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7. Most infrared motion detectors have a viewing angle of 95°.  If a person is standing 6 feet from the detector, what is the furthest position, d, away from that 6 feet mark that he can be seen?
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8. Currently available night vision technology allows a person to see approximately 200 yards on a cloudy day!  Night vision goggles work by collecting tiny amounts of light and then amplifying it to the point where we can easily see the image.  Name at least 5 applications of night vision goggles.

Experiment 1:  Effect of Color Contrast
Objective:  To show the effect of color contrast on light intensity.

Preparation

1. Place the RCX on a table that is about two to four feet above the ground.

2. Place your backdrop 7 feet from the sensors of the RCX.

3. Using transparent tape, tape white paper to the backdrop so that it covers the backdrop at a height of 1 foot above and below the sensors.

4. Place a piece of masking tape on the floor at a distance of two feet from the sensors of the RCX (see Figure 1).

5. From the piece of masking tape on the floor mark two more spots, one on each side of the tape a distance of three feet from it, while keeping a distance of two feet from the RCX (see Figure 1).  These are perpendicular to the line of sight between the sensors and the backdrop.
Procedure
1. Find a comfortable walking speed that you can keep constant.  A good way to do this is to walk a certain number of tiles per second.

2. Hold the black poster (reflection) board in front of you (blocking the middle of your body completely) such that it is parallel to the backdrop, and walk back and forth from the two outer pieces of tape that you placed on the floor.

3. Once you are comfortable with keeping a constant velocity and the board parallel to the backdrop, have your partner hit the RUN button on the RCX (while you are still walking back and fourth).  You should make about 4 – 7 passes within the 20 seconds.
4. After 20 seconds the RCX will stop recording, and the data can be analyzed.
5. Place the RCX such that it's infrared side is facing the USB tower (keep the RCX turned on).

6. Go to the upload screen in Investigator mode and click the upload arrow (large white arrow) to upload the data to the computer.  Once the RCX is done uploading the data, it will tell you that the data set was uploaded successfully so click OK.  

7. The software will provide a graph of the data.  Make a rough sketch of this graph on graphing paper.  For this graph it is important to have the maximum and minimum light (percent) values marked on your graph.
8. Repeat the above steps but instead use a (a) white backdrop with a white reflection board (still walk two feet from the sensors).  and (b) a black backdrop with a black reflection board (still walk 2 feet from the sensors). 

Computations

1. For the white backdrop and black reflection board, record the first four minimum values that you see on Worksheet A (a minimum value corresponds to the light intensity when you walk in front of the sensors).
2. Repeat computation 1 for the black backdrop and black reflection board.
3. For the white backdrop and white poster board, you will be getting a rise in light percentage so record your maximum values (when you walked in front of the sensors) and the minimum value (when nothing was in front of the sensor).
4. Calculate the intensity difference values and record that value on Worksheet A.  Make a graph of intensity difference vs. color setup (i.e., white backdrop and white poster board).  Describe the graphical relationship (i.e., linear, quadratic, etc.)
Experiment 2:  Effect of Object Velocity
Objective:  To show the effect of a person's velocity on light intensity as they pass in front of the sensor.
Preparation
1. For this experiment, set the backdrop so that it is black in color and that it is 7 feet from the sensors of the RCX.  The white reflection board is used in the experiment.  The setup for this experiment is the same as in Experiment 1 (see Figure 1).

2. Use the same 2 feet markers from Experiment A as your walking/running distance from the sensors.

Procedure
1. As done previously, walk back and fourth, but this time at a slow speed that you are able to keep constant.  Press the PROGRAM button one time.  This changes the program on the RCX to the same one as before, but with sampling of light every 0.05 seconds as opposed to 0.10 seconds used in the first experiment.  Once you are ready to begin measurements have your partner hit the RUN button.  Again, data will be read by the RCX for 20 seconds.

2. Upload the data from the RCX in the same manner as with Experiment A and draw a graph of the data displayed.  
3. Record your maximum values (from walking in front of the sensors) and your minimum values (when you are not in front of the sensors) on Worksheet B.

4. Repeat the above steps for two different velocities, one at medium speed and one a fast speed, on Worksheet B.  

Computations
1. Compute the intensity difference values for each velocity and record them on Worksheet B.
2. Compute the area under each of the four maximum values (calculated from graph) and record these values on Worksheet B.  Then, compute the mean area for each velocity, and make a graph of Mean Area vs. Velocity.

Experiment 3:  Effect of Separation Distance
Objective:  To show the effect of the distance between the sensor and the object being sensed.  
Preparation

1. For this experiment, set up the backdrop so that it is white in color and so it is seven feet from the sensors of the RCX.  Only the black reflection board is used in this experiment.  The setup for this experiment is the same as in Experiment 1 (see Figure 1).

2. In this experiment, the light intensities are measured at walking distances of 2, 4, and 6 feet from the sensors, so place masking tape marks on the floor at 2, 4, and 6 feet from the sensors.
3. Press the PROGRAM button 4 times to take you back to the original program used in Experiment A, with sampling every 0.10 seconds.
Procedure

1. With the black reflection board, walk back and fourth over the tape at a distance of 2 feet from the sensors and at a constant velocity (keep it close to the slow velocity used in Experiment 2).
2. Once you are ready, have your partner run the program on the RCX by hitting the RUN button, as it will collect data of you walking back and fourth for 20 seconds.
3. Once the data collection is complete, upload the data from the RCX to the computer and sketch a graph of your results.
4. Also, record your maximum and minimum values on Worksheet C.
Computations

1. Compute the mean minimum value and record that value on Worksheet C.

2. Compute the Intensity Difference for each walking distance and record that value on Worksheet C.

3. Make a graph of Intensity Difference vs. walking distance from the sensor and provide an interpretation.

Experiment 4:  Effect of Backdrop Distance
Objective:  To test the effect of the distance between the backdrop and the sensor.
Procedure

1. For this experiment a black backdrop and a white reflection board is needed.  The walking distance will ALWAYS be 2 feet.
2. Place the backdrop at a distance of 6 feet from the sensors and use the RCX to record intensity percentages at a walking distance of 2 feet for 20 seconds.

3. As done in the previous experiments, upload the data to the computer, record the maximum values and minimum value on Worksheet D, and sketch the graph that the computer displays.

4. Repeat steps 2 and 3 at walking distances of 2 feet and black backdrop placements of 9 and 12 feet.

Computations
1. Compute the mean maximum value for each backdrop distance and record that value on Worksheet D.
2. Compute the intensity difference for each backdrop distance and record that value on Worksheet D.
3. Make a graph of Intensity Difference vs. backdrop distance and provide an interpretation.
Post-Laboratory Questions
1. If a white backdrop is placed at 12 feet from the sensor, and if a person (wearing all white clothing) walks at 11 feet from the sensor produces a miniscule intensity change, what could be added to the sensor system to better recognize the signal (more than one sensor and backdrop can be used)?

2. If the above question were repeated but this time the person tried to avoid being recognized by running through the system, what command in the program could be changed get a better reading?  

3. Your company wants you to design a security system that sets off an alarm when people enter the building.  If the specifications state that the backdrop is to be white and that its distance away from the sensors will be seven feet (the distance in Experiments 1-3), what will be your minimum and maximum allowable intensity values?  Any value outside of this range will set off an alarm.

4. Given your results from the experiments and the following scenario, discuss your expectations as to the color of the backdrop, color of poster board, velocity of the person, and the distance between the person and the sensor.  Note:  the light intensity difference and the area under the peaks in Experiment 2 are important to consider.
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5. How does the area under the intensity maximums/minimums compare to the velocity at which the person is walking by?

6. Based on your experimental results, if you bypass a security system similar to the sensor system used in the previous experiments, what kind of clothing would you wear?  At what speed should you run through the sensors? Finally, if you know where the sensors are, what distance from the sensors would be best to avoid detection?

7. If you wanted to install a security system into a hall that is 12 feet wide, would reducing the width of the hall to 7 feet (where the security system will be located) be a good or bad idea? Why?

Worksheet A
	 
	Minimum Values
	Maximum Value

	White Backdrop Black Shirt
	 
	 

	 
	 
	

	 
	 
	

	 
	 
	

	mean:
	 
	 

	intensity difference:
	 
	 


	 
	Minimum Values
	Maximum Value

	White Backdrop White Shirt
	 
	 

	 
	 
	

	 
	 
	

	 
	 
	

	mean:
	 
	 

	intensity difference:
	 
	 


	 
	Minimum Value
	Maximum Values

	Black Backdrop Black Shirt
	 
	 

	 
	
	 

	 
	
	 

	 
	
	 

	mean:
	 
	 

	intensity difference:
	 
	 


Worksheet B

	All values are using a black backdrop and white poster board

	
	
	
	
	

	Velocity 
	Maximum Values
	Minimum Value
	Area under maximum value
	Mean Area

	slow
	 
	 
	 
	 

	
	 
	
	 
	

	
	 
	
	 
	

	
	 
	
	 
	

	medium
	 
	 
	 
	 

	
	 
	
	 
	

	
	 
	
	 
	

	
	 
	
	 
	

	fast
	 
	 
	 
	 

	
	 
	
	 
	

	
	 
	
	 
	

	
	 
	
	 
	


Worksheet C

	Distance walking from sensors (feet)
	Maximum value
	Minimum Values
	 
	Intensity Difference

	2
	 
	 
	 
	 

	
	
	 
	 
	

	
	
	 
	 
	

	
	
	 
	mean = 
	

	4
	 
	 
	 
	 

	
	
	 
	 
	

	
	
	 
	 
	

	
	
	 
	mean = 
	

	6
	 
	 
	 
	 

	
	
	 
	 
	

	
	
	 
	 
	

	
	
	 
	mean = 
	


Intensity Difference = maximum value - mean Minimum values

Worksheet D

	Black Backdrop Distance (feet)
	Maximum Values
	Minimum Value
	 
	Intensity Difference

	6
	 
	 
	 
	 

	
	 
	
	 
	

	
	 
	
	 
	

	
	 
	
	mean = 
	

	9
	 
	 
	 
	 

	
	 
	
	 
	

	
	 
	
	 
	

	
	 
	
	mean = 
	

	12
	 
	 
	 
	 

	
	 
	
	 
	

	
	 
	
	 
	

	
	 
	
	mean = 
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Figure 1 – Elevation View of Test Set-up

Appendix A – Area Calculations

Area calculations are quite easy for triangles, squares, and rectangles; however, when shapes have more than four sides, area calculations can be tricky.  The easiest way to find the area of an odd shape is to separate it into pieces of more common shapes (triangles and rectangles) of which you can find the area of (i.e. triangles, rectangles, trapezoids and squares).  For example, to find the area of the object in Figure 2, i.e, simply add up the areas from regions 1, 2, and 3.  Therefore, the area of this shape is equal to: Area 1 + Area 2 + Area 3.

Figure 2

[image: image7.png]



The sections into which you separate the oddly shaped object is subjective.  The important thing is to separate the shape up into regions for which it is easy to calculate the area.  Before looking ahead, how you would break up the shape in Figure 3?  Figures 4 and 5 show good ways to break up the shape.  Adding up the individual regions will yield the correct area.

Figure 3
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Figure 4
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Figure 5
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Calculating the Area of Non-Right Triangles using the Side-Side-Side method - 
[image: image11.png]



To calculate the area of the above triangle when the lengths of the three sides are known, use the Side-Side-Side method: 
Area = [S*(S-a)*(S-b)*(S-c)]

S = 0.5*(a + b + c)

Appendix B – The Robotic Command Explorer (RCX)

A RCX is a programmable lego brick that can be used to do a wide variety of things.  In this experiment, the RCX is programmed to store light intensity readings that come from the infrared light sensors that are attached to the RCX.  Programs for the RCX can be written directly onto the RCX, or more easily can be written in Robolab (see Appendix C).  


First, to turn on the RCX, press the ON/OFF button.  When the RCX is on, the screen will display several things; however, the most important piece of information that the screen displays is which program is being used.  A number all the way to the right displays this information.  Since the RCX can hold a maximum of 5 programs, this number ranges from 1 to 5.  To change between programs, simply hit the PROGRAM button (i.e., hitting the PROGRAM button when you are on program 4 will now set the RCX to program 5).  Next, pressing the RUN button will carry out the set of commands of the particular program that is currently in use.  In this experiment, the commands tell the RCX to take light sensor readings for 20 seconds at 0.10 second and 0.05 second intervals, depending on which program you are running.  The RCX obtains these light intensity values from the sensor that is attached to input port 1 on the RCX.  Finally, to turn off the RCX, press the ON/OFF button.
Appendix C – Robolab Programming

Although you are not required to do much programming in this experiment, it is important to understand the programming in order to have a complete understanding of the experiment.  


To open Robolab, click on the Robolab icon on your desktop.  Next, click the option:  Run Robolab.  This will start up Robolab and again you are given several options to choose from.  Since in this experiment we will be analyzing data that we uploaded from the RCX, it is necessary to click on the Investigator mode.  The program you will be using is already saved to your computer.  Click on the file name sensors in the project box.  The program will then be displayed.  Experienced programmers may be confused as to why the program is composed of pictures.  This is because Robolab is a visual language and uses pictures as commands.  

The program is very simple.  It starts off will a green light which indicates the start of a program (see Figure 6).  Next, the program tells the RCX that a light sensor will be attached to input port 1 and will take readings every 0.10 seconds.  Since we are only using one light sensor for this lab, the picture under the number 3 (input port 3) is blank.  Basically, this command tells the computer that nothing will be attached to input port 3.  Additionally, we will not be using output ports A and C, and to tell the RCX this, STOP signs are inserted into the program.  Although we do not use these output ports in this experiment, they could be used to run a motor that drives a gear system.  The next step in the program is a clock with a question mark in the middle.  A value of 20.0 appears below this command, which tells the RCX to take readings for 20.0 seconds.  Finally, the program is ended with a red light.  In conclusion, this program tells the RCX to record light intensity values every 0.10 seconds for a total of 20.0 seconds.

On the computer screen that shows the program discussed above, a large white arrow, located below the program, points to the right.  Pressing this arrow downloads the Robolab program to the RCX.  Simply plug in the USB tower that comes in the LEGO kit and align the tower and the infrared port of the RCX.  Finally, press the large white arrow and the program will be downloaded to the RCX.

Now that you have the program on the RCX you are ready to collect data.  To start running the program all you have to do is press the RUN button.  After 20.0 seconds the program will stop since that is the length that was programmed.

Once the data are collected, it can be viewed in Robolab.  To do this, align the RCX and tower as was done when you were downloading the program to the RCX.  Next, click on the button displayed on the left side of the screen that is similar to following:
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This will take you to the uploading screen.  To upload your data click on the large white-and-black arrow towards the bottom of the screen (it is the same arrow as the download arrow but has black in it).  Once the uploading is complete, a graph will be displayed of your data with the y-axis being light intensity percentage and the x-axis being time.  The default name of this data set is Data Set 1 and is located on the left side of the screen.  Once you are completely done with the data, you can erase the data set by clicking on the minus sign at the bottom left of the screen.  It will ask you if you are sure, so click OK, then click DON'T RESET.  Once you have done this, your data set has been erased and you are ready to upload more data.

When programming in Robolab, it is important to keep in mind that Robolab can store a maximum of approximately 500 points.  This is very important when deciding the timing interval and time span.  Once it gets to 500 points, it stops so it won't record any point after point 500.  Also, Robolab programs will always run.  There are never errors in Robolab programs; however, your program might not run as you would like, if it has been misprogrammed.
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Figure 6
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