In the Right Place
FACILITATOR NOTES

Overview

The activity is presented as an “authentic learning task,” casting each student group in the role of researchers working to develop a micromachine for medical use inside the human body. Students test and evaluate four proposed software designs for controlling one aspect of the micromachine’s motion—programs that are to keep the machine positioned at the correct distance from a target. They collect data using a SAM robot as the large-scale model for the planned micromachine.
Goals of the Activity

· Use specified design criteria to compare and contrast four proposed software solutions for a control problem.

· Describe the advantages and disadvantages of control solutions that use an open-loop system (without feedback) and alternative closed-loop systems (with feedback).
· Apply concepts of position, distance, direction, and speed in the solution of a realistically complex problem.
· Interpret graphical data and formulate a recommendation.

Standards

Standards for Technological Literacy (ITEA)
2

Core concepts of technology
-- Technological systems include input, processes, output, and at times feedback. (6-8)
-- An open-loop system has no feedback path and requires human intervention, while a closed-loop system uses feedback. (6-8)
-- The stability of a technological system is influenced by all of the components in the system, especially those in the feedback loop. (9-12)
11
Apply design processes
-- identify criteria and constraints and determine how these will affect the design process. (9-12)
-- Refine a design by using prototypes and modeling to ensure quality, efficiency, and productivity of the final product. (9-12)
-- Evaluate the design solution using conceptual, physical and mathematical models at various intervals of the design process in order to check for proper design and to note areas where improvements are needed. (9-12).
National Science Education Standards (NRC)
B.
Physical Science

Motions and Forces
-- The motion of an object can be described by its position, direction of motion and speed. That motion can be measured and represented on a graph. (6-8)

-- Objects change their motion only when a net force is applied. (9-12)
E

Science and Technology
Abilities of Technological Design

-- Implement a proposed design (9-12)

-- Evaluate technological designs or products (9-12)
Math Standards (NCTM)

Problem Solving
-- monitor and reflect on the process of mathematical problem solving (9-12)

Algebra
-- analyze functions of one variable by investigating rates of change, intercepts, zeros, asymptotes, and local and global behavior. (9-12)
Equipment/Software Needed

FOR EACH GROUP OF 2 TO 4 STUDENTS:

Ruler with millimeter scale
Stop watch

TI-83/84 Graphing Calculator for data analysis
FOR THE CLASS:

SAM Robot

Cardboard box or other “target”

TI-83/84 Graphing Calculator

CBL or LabPro with either batteries or AC adapter (Because it has only one digital port, the CBL2 does not work for this activity.)

Sonic motion detector
TI-Presenter or TI-ViewScreen projection system
CALCULATOR PROGRAM: FOLLOW
Activity Set Up

Prepare the equipment and calculator programs. Identify a location with sufficient space for the RC vehicle to function and use masking tape to mark a “target” about 1-m square on the floor.
Pre-Activity Discussion

Explain that a great deal of modern equipment is automated. Solicit examples from the class, which are likely to include doors that open as you approach, faucets and other equipment in public restrooms, barcode scanners at the grocery, etc. If students don’t suggest it, mention the Mars rovers as another example. Point out that operators on Earth can “drive” the Mars rovers, but there is a time lag of several minutes while a signal from Earth travels to Mars. A rover on Mars can respond more quickly if it is “smart” enough to make some decisions on its own. 
Some students are likely to be aware of employment issues related to automation. In fact, some of their relatives might have lost their jobs because of automation. You may want to point out that the number of jobs available in the US for machine operators has indeed decreased, but also point out that different, high-skilled jobs have become available. A highly automated factory, for example, is likely to employ fewer people, but there are still good jobs available for people who know how to design, program, maintain and repair automated systems. 

Facilitating the Activity

The Participant Handout includes a good many details (perhaps more than you want) so that it could be used by a small group of students working on their own, perhaps even as an after-school project. In most cases, however, it is expected that the teacher have one SAM robot and will guide the class through the activity.
Part 1: Understanding the Task and the Tools
Explain that the activity simulates a work environment. Have the students read the memo from their “supervisor,” Dr. Walters or have someone read it aloud to the class. Provide students with a ruler and have each individual or each team draw an actual-sized picture of the proposed microrobot as directed in question 1 of the report form. Some of the sci-fi enthusiasts may be anxious to draw a detailed interpretation, but guide everyone to an understanding that 350 μm may be 50 times the size of a red blood cell but it is still only a third of a millimeter—just a dot to the human eye.
Solicit ideas from the class about how to test and compare the proposed software solutions. You might have each student team formulate its own test protocol, but you can also guide the class to on consensus protocol. The protocol should include control of variables, so that no company’s proposal has an unfair advantage in the tests. It is sufficient to agree that each system will be tested by placing the robot at common starting point (say, 700 mm from the target) and directing it to the same final stand-off distance (say, 500 mm).
Avoid letting the students get bogged down with zeroing the probe. If that seems to be an unnecessary distraction, simply store “0” to the variable “G” in the calculator and skip the zeroing. In this case, all the distance measurements will be with respect to the sensor, not to the front of the robot.
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Part 2: A Basic Manual System
Select one or more volunteers to “drive” the robot in its basic mode. They may feel more comfortable if you let them practice first without the rest of the class watching. This very simple system may actually achieve the best results of the four, but that requires considerable skill from the operator. In particular, the operator must anticipate and press the stop button before the robot reaches the correct stand-distance. More likely, the volunteer (like the author who produced the results shown at right and on the participant handout) will overshoot the target. He or she may also have significant difficulty returning to the correct location. Whether the volunteer is successful or not, try to be sure all students come to understand that (1) it is possible to achieve good results using this methods, (2) good results can only be achieved by an experienced, highly skilled operator, and (3) not even the very best operator will be perfect.
Provide all students with access to the graph, either by distributing the D and T lists to all of their calculators or by projecting the graph where everyone can see. Then have them work in teams to answer the 6 questions on Part 2 of the Report Form.
Part 3: A Manual Velocity-Control System
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This system is more difficult to operate than the first. You may have video-game enthusiasts in the class who handle it very well. Alternatively, you may want to serve as the operator yourself. In any case, emphasize again that good results are possible but that those good results depend strongly on the skill of the operator. (There is nothing at all wrong with your playing the role of a low-skill operator. Your turn to shine comes with the fourth method.) By the time they are finished, students should recognize that this is system is inferior to the first in that it always requires more time to reach the specified distance. It can be superior to the first method, however, in that it allows the operator to slow down as she or he approaches the desired stopping point.
[image: image3.png]


Part 4: A Basic Automatic System
You don’t need an operator for this, just you or a student to place the robot, enter the data and start the motion. You may want to show it first with a very small tolerance (say 1mm or even zero). The robot quickly reaches the desired location but overshoots. Each time it turns around and goes back, it overshoots again. This unstable, oscillating behavior is typical of badly designed control systems. Point out to the class that the system here is similar to a heating/cooling system in a home that runs the furnace whenever T<70°F and runs the air conditioning whenever T>70°F. It gets into a very wasteful pattern of always running one or the other and keeps the temperature in a constant state of uncomfortable change. To make control systems work effectively, there must be a finite range of acceptable results. Even when the tolerance is increased to the design specification of 10 mm, it is very unlikely that this control system will be stable rather than causing the robot to oscillate. If it happens to work well for one set of test conditions, try again with a slightly different initial position. Students need to understand that this system is worse than any of the other three. Automated (closed-loop) systems are not always better than open-loop systems.
Part 5: An Automatic Velocity-Control System
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This system is as easy to operate as the previous one, but should give dramatically better results. It has the flexibility of speed control but lets the calculator take over the complex job of translating sensor data into movement. Be sure students understand, however, that the calculator is not smart—it is simply performing a repetitive calculation as instructed by the person who wrote the program. (You might want to make the “algebra pitch” here. Good jobs don’t come from knowing how to plug numbers into a formula, since machines do that very well. Deciding what algorithm the calculator should use is a much more human and much more significant achievement.)
Depending on the level of your students, you may want to discuss these results in terms of limits. Whatever the language, try to be sure they understand that this system may “fail” in the sense that it may never actually reach the intended stand-off distance. On the other hand, it is the most stable and it is probably the fastest in reaching the expected tolerance and stopping.

This part of the participant handout also includes four summary questions. Have each group formulate their own answers, and then have a full-class discussion comparing ideas from the different groups.

Post-Activity Discussion

Post activity discussion is incorporated into Part 5. You may also want to use the ideas below for “Extending the Activity.”
Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1) Why is feedback important in control systems?

2) What are the advantages of a “closed-loop” control system compared to an “open-loop” system?
3) What happens to an automated system if the tolerances are set to an extremely small value?

4) Is it possible to test the design for a new product before the product has actually been assembled? Justify your answer.

5) Why is it important for designers to have clear criteria for their product?

Extending the Activity

Some extensions are suggested within the Participant Handout, particularly in testing the control systems under more diverse conditions. It is well worth investigating, for example, how the different systems perform when both forward and backward motion is required, when the target moves before the robot achieves its intended position or when the distances to be covered are greater than 1 m. Note that the FOLLOW program as written collects data twice per second for 30 seconds. You can change the sampling rate and the total collection time by modifying the values stored to S (total number of samples) and R (sampling rate) early in the program.

There are abundant opportunities for students (or faculty) to develop their own algorithms to improve the FOLLOW program. On the Math Machines website, you can find annotated listings of the four “while loops” that are the heart of the four control system. Advanced students might even want to move on from the “proportional control” system here to develop a “PID” system. (PID control systems include a proportion, an integral and a derivative.)
You can also download an Excel spreadsheet showing sample data from the robot. This program could be an aid in guiding students to perform a more advanced analysis or a more formal presentation.
Troubleshooting
If the system fails to operate, check all connecting cables and check that SAM is turned on. Also make sure the batteries in the LabPro and SAM are fresh. Also be sure that SAM is plugged into Digital port 1 and the Motion Detector into Digital port 2. (If you interface has only one digital port, it is a CBL2 instead of a LabPro. Since this activity requires one digital port for the robot and another one for the sonic motion detector, it cannot be done with the CBL2. The original CBL does have 2 digital ports and can be used for this activity, but only with a modified version of the FOLLOW program. The CBL version is not yet available but you can email fred.thomas@mathmachines.net for the latest update.
If the LabPro beeps unexpectedly when you run FOLLOW, you made need to upgrade the LabPro’s firmware. This program uses commands that were not included until firmware version 6.26. The upgrade and instructions are available on Vernier’s website at http://www.vernier.com/calc/flash.html
Particularly if you see what seems to be a calculator error, verify that the sonic motion detector is clicking. If it is not connected properly, the calculator can’t get the data it needs.
The FOLLOW program is something of a memory hog. It is a relatively large program (requiring nearly 6000 bytes) and it creates both large lists and a large matrix, so watch for “out of memory” errors. You may need to archive all other programs and data in your calculator. Note that FOLLOW is a stand-alone program, requiring no other programs or lists—not even LSAM. You can reset the calculator, load FOLLOW and it should work.

Additional Resources
· Investigating Safely: A Guide for High School Teachers by Juliana Texley, Terry Kwan and John Summers, NSTA Press, 2004, ISBN10: 0-87355-202-4, available from http://store.nsta.org.

· You can download an Excel spreadsheet showing sample data from this activity at http://www.mathmachines.net/activities/right_place/index.htm . The spreadsheet could be helpful in guiding students to perform a more advanced analysis or to prepare a more formal presentation of their recommendations. At the same web address, you can also obtain an annotated listing of the key while loops in the FOLLOW program.

· An extensive collection of information on micromachine research and development is available from the Sandia National Laboratories at http://www.mems.sandia.gov. Resources range from a large collect of photos and movies to advanced technical information.

· For a very advanced analysis of this topic see, “Open-loop versus closed-loop control of MEMS devices: choices and issues,” by Borovic, Liu, Popa, Cai and Lewis, Journal of Micromechanics and Microengineering, 15 (2005), pp. 1917-1924. (Available online from the Institute of Physics at http://www.iop.org/EJ/.) 
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