In the Right Place
Control Systems and Feedback
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Overview:

In this activity you are to play the role of a research and development (R&D) team working to solve a positioning problem. Similar engineering problems occur in many contexts, for example in the computerized systems that control the motion of subway trains, in the industrial robots that assemble automobiles, in the movement of Mars rovers and in proposed control systems that might keep cars from colliding on the interstate.
The example here is taken from the frontiers of medical science—the proposal that very small machines (MEMS, or Micro-Electro-Mechanical Systems) might actually travel around inside the human body to perform microscopic diagnostic or surgical procedures. The idea was once dismissed by most people as pure science fiction, but not today. These medical micromachines are not yet available for use, but there are indeed real R&D teams working to create them.
PART 1   Understanding the Task and the Tools
Memo from Dr. Latasha Walters, Director of Research

The MEMS lab is making rapid progress. Within the next six months, we should have our first functioning prototype of a mobile microrobot that can travel within human veins and arteries. We are having trouble, however, keeping the microrobot in position. The medical doctors tell us that for many procedures the microrobot will need to stand at a set distance from its target and maintain that stand-off distance even if the target moves. Four different vendors claim they have software which will do the job and we want you to evaluate their programs.
We need to decide now which software system to use, even though we won’t be able to test it with the actual microrobot for several months. The diameter of our actual robot (including all its sensors, motors, electronics and everything else) will be 350 μm—about 50 times the size of a red blood cell. The robot model you will be using in these prelimiary trials is about 350 mm in diameter, or 1000 times larger.
After the microrobot locates a target such as the damaged wall of a blood vessel, the doctors will signal a standoff distance, which can be any value between 100 and 1000 μm. That translates to a range from 100 mm to 1000 mm for your large-size robot. They want the microrobot to move to the correct position and stop within 25 seconds. If the target moves, the doctors want the microrobot to reposition itself and stop again within 25 seconds. Also if a rush of blood or something else pushes the microrobot out of position, it needs to return to the correct position within 25 seconds. The doctors can tollerate an error of 10 μm (10 mm for your model robot) in the positoning, but no more than that.
We are also concerned, of course, about the cost and reliability of the system. Especially with microscopic devices such as this one, it is important that we select the simplest solution which will do the job.
Your job is to test the software systems that the vendors have provided and to report back to me on the advantages and disadvantages of each one. I also want your team’s recommendation as to which software system we should adopt and I want you to give me a summary of your reasons.
The Simulator: 
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The large-size simulator for our microrobot consists of a “Smart SAM” robot, controlled by a TI-83 or 84 graphing calculator with a LabPro interface. The calculator program, FOLLOW, will allow you to test all four of the proposed software solutions. The system uses a sonic motion detector to measure the stand-off distance from the robot to its target. This stand-off distance is displayed on the calculator screen and also recorded for possible use later. The simulator can operate for 30 seconds during each run, recording the actual stand-off distance every half-second and gathering a total of 60 data points. The resulting graph of distance vs. time can be displayed on the calculator screen immediately after each run.
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The stand-off distance should be measured from the front of the robot to the target. This can be done by mounting the sensor at the very front of the robot, but the sensor is somewhat “farsighted”—it cannot measure the distance to a very close target. You may get the best results by mounting the sensor further back on the robot and letting the program calculate the actual distance from the front of the robot to the target. The FOLLOW program includes a “ZERO PROBE” option which lets you make the correction automatically. To zero the probe (that is, set it to report all distances as if they were measured directly from the front of the robot) you put the robot facing the target, use a meterstick to measure the actual distance IN MILLIMETERS, from the front of the robot to the target and then let the robot determine the correction.

The FOLLOW program includes two manual methods, which require direct control by an operator who “drives” the robot as it moves. The FOLLOW program also includes two automatic methods, which use algorithms within the program to control the robot’s motion. Once started, the “closed loop” automatic methods let the calculator drive the robot without the need for continuous instructions from the operator.
In the Right Place
REPORT FORM (Part 1)
NAME(S)  ____________________________________________________________________

1) How do you think this microrobot would appear to the naked eye? Draw it actual size in the box below.
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2) Describe in the space below the tests that your team will perform to see whether each software system meets the criteria specified in Dr. Walter’s memo.
[image: image5.png]


PART 2   A Basic Manual System
The most direct and least expensive solution for this control problem seems to be the one proposed by Hands-On Controls, Inc. one of the most-trusted companies in the nation. In their system, an operator simply monitors the stand-off distance and uses a hand controller to move the microrobot forward or back when needed.
On the graphing calculator, the robot controls are the four large buttons near the top right corner of the keypad. The up buttom makes the robot move forward and the down button makes the robot move backwards. You do not need to hold the button down to make the robot continue moving. After you press and release a button, the robot will continue to move until you press a dirrerent button. Pressing either the “left” or the “right” buttons in the cluster of four will make the robot stop.
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Start the FOLLOW program on the calculator and zero the probe if necessary.
· Place the robot between 200 and 1000 mm in front of the target, perhaps at what will be your standard starting point in all the trials.
· MANUAL METHODS / BASIC CONTROL. The program will first ask for your desired stand-off distance. Enter a value in millimeters between about 200 and 1000. This desired location should be different from the actual starting point. It might be either too close or too far from the target.
· When the controller is ready, press <ENTER> to start. The operator will then have 30 seconds to maneuver the robot to the correct stand-off distance. Let the program continue to run for the entire 30 seconds, even if you reach the required postion sooner. Pressing <ENTER> during the run will stop the motion and destroy the data collected.
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After the run, select GRAPH to view the results. While the graph is displayed, you can use the arrow keys to check specific time and distance values during the motion. Record the time required to reach the desired stand-off distance and answer the other questions on the data form. The data for this graph will remain in the calculator’s memory only until you do another run. If you want to record the data for later analysis or for transfer to a computer, store it as “D1”.
In the Right Place
REPORT FORM (Part 2)
NAME(S)  ____________________________________________________________________

1) Using Basic Manual Control, how much time was required for the robot to first reach the required location?

2) When the robot first reached the desired stand-off distance, was the operator able to stop it at precisely that location? If not, what happened?
3) By the end of the 30 seconds, what was the stand-off distance? If this was not precisely equal to the desired distance, was it within the specified tolerance of 10 mm?

4) Did this motion satisfy the design criteria specified in the memo from the Director of Research? Explain your answer.

5) What are the major advantages of this system for positioning the robot?

6) What are the major disadvantages of this system?

PART 3   A Manual Velocity-Control System
The second manual system for controling this robot has been proposed by Speedy Motion, Limited, a new company that has been very successful in the racing industry. In their system, the operator is able to control the speed of the robot as well as its direction of motion.
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On the graphing calculator, each press of the “up” button causes the robot to shift to a higher forward speed, with 6 different speeds possible. The maximum speed is limited to simulate the capabilities of our microrobot and the conditions inside human arteries and viens, so the this robot can move only a little faster than in the previous simulation. It also has the option of moving more slowly. If the robot is moving forward, the “down” arrow will make it move more slowly and eventually stop. After the robot stops, the “down” arrow will increase the robot’s speed in the reverse direction. The operator also has the option of pressing the “left” or “right” arrows at any time to stop the robot. (Pressing <ENTER> while the calcualtor is collecting data will also stop the robot but it will destroy the data as well.)
· Again place the robot between 200 and 1000 mm in front of the target, perhaps at the same starting point you used before.

· MANUAL METHODS / VELOCITY CONTROL. Test the system in the same way you tested the Basic Control System. Again, operator will have 30 seconds to maneuver the robot to the correct stand-off distance. Let the program continue to run for the entire 30 seconds, even if you reach the required postion sooner.
· After the run, select GRAPH to view the results and use the information to answer the questions on the report form. If you want to record the data for later analysis or for transfer to a computer, store it as “D2”.

In the Right Place
REPORT FORM (Part 3)
NAME(S)  ____________________________________________________________________

1) Using the Manual Velocity Control system, how much time was required for the robot to first reach the required location?

2) When the robot first reached the desired stand-off distance, was the operator able to stop it at precisely that location? If not, what happened?

3) By the end of the 30 seconds, what was the stand-off distance? If this was not precisely equal to the desired distance, was it within the specified tolerance of 10 mm?

4) Did this motion satisfy the design criteria specified in the memo from the Director of Research? Explain your answer.

5) What are the major advantages of this system for positioning the robot?

6) What are the major disadvantages of this system?

PART 4   A Basic Automatic System
Flintwell Corporation proposes that we automate our microrobot’s postion control system. They claim that “open-loop” systems (which require constant manipulation by a human operator) are old-fashioned and too costly to operate. In addition, they claim that their software can “drive” the microrobot more effectively than a human operator. They describe theirs as a “closed-loop” system, in which the microrobot will constantly collect data about its position and then aautomatically use that data to readjust the position as necessary.
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There will still need to be a human operator in charge of the system, but the human will not actually “drive” the robot. Instead, the operator instructs the software how to drive. In this case, the key instruction the software needs is a tolerance—a criteria for how close the robot software get to its intended positon before it stops moving.
· Again, place the robot between 200 and 1000 mm in front of the target as you did before.

· AUTO METHODS / BASIC CONTROL. Test the system by specifying a desired stand-off distance and a tolerance, then step back and see what happens.

· After the run, select GRAPH to view the results and use the information to answer the questions on the report form. If you want to record the data for later analysis or for transfer to a computer, store it as “D3”.

· You may want to experiment with alternative values for the tolerance and with alternative starting positions (too close and too far).

In the Right Place
REPORT FORM (Part 4)
NAME(S)  ____________________________________________________________________

1) Using the Basic Automatic Control system, how much time was required for the robot to first reach the required location?

2) When the robot first reached the desired stand-off distance, did the software stop it at precisely that location? If not, what happened?

3) By the end of the 30 seconds, what was the stand-off distance? If this was not precisely equal to the desired distance, was it within the specified tolerance of 10 mm?

4) Did this motion satisfy the design criteria specified in the memo from the Director of Research? Explain your answer.

5) What are the major advantages of this system for positioning the robot?

6) What are the major disadvantages of this system?

PART 5   An Automatic Velocity-Control System
The most expensive proposal comes from the Lunar Survey Corporation, which has extensive experience in the aeorspace industry. Their system is another automated one but it uses “proportional control.” The microrobot is programmed to travel at maximum speed until it comes within 15 μm of the correct stand-off distance. (That corresponds to 15 mm for the large-scale simulator.) Within 15 μm, the robot’s speed is supposed to decrease roughly in proportion to the distance remaining.
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As with the other automated system, the job of the human operator is to provide instruction for the software, not to “drive” the robot directly. The key instruction the software needs is again a tolerance—a criteria for how close the robot software get to its intended positon before it stops moving.

· Place the robot in front of the target as you did before.

· AUTO METHODS / VELOCITY CONTROL. Test the system by specifying a desired stand-off distance and a tolerance, then step back and see what happens. 

· After the run, select GRAPH to view the results and use the information to answer the questions on the report form. If you want to record the data for later analysis or for transfer to a computer, store it as “D4”.

· You may want to experiment with alternative values for the tolerance and with alternative starting positions. You may also want to challenge the software with some more difficult situations, such as moving the target before the robot reaches the correct location.

When you have finished your analysis of this control system, summarize your results for all four systems by answering the last questions on the report form.

In the Right Place
REPORT FORM (Part 5)
NAME(S)  ____________________________________________________________________

1) Using Automatic Velocity-Control system, how much time was required for the robot to first reach the required location?

2) When the robot first reached the desired stand-off distance, was the software able to stop it at precisely that location? If not, what happened?

3) By the end of the 30 seconds, what was the stand-off distance? If this was not precisely equal to the desired distance, was it within the specified tolerance of 10 mm?

4) Did this motion satisfy the design criteria specified in the memo from the Director of Research? Explain your answer.

5) What are the major advantages of this system for positioning the robot?

6) What are the major disadvantages of the Automatic Velocity Control system?

7) Explain in your own words the difference between “open-loop” and “closed-loop” control systems.

8) Which of the four control systems do you consider to be the most stable? Why?

9) The robot you used was 1000 times larger than the proposed microrobot. Was it still useful as a way of testing the methods to be used in the final product? Why or why not?

10) Which of the four control systems you examined would you recommend as the best basis for control of a microrobot? Justify your answer clearly.
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� The data from each completed run is stored in 2 calculator lists—LT for time and LD for distance. The next run will overwrite the previous data unless you store it under a new name. After viewing a graph, the FOLLOW program provides the option of storing the distance data in under any of 10 alternate names (for example, “LD( LD0”). Alternatively, you can transfer the lists to a computer for analysis in EXCEL or another program. The list of times is identical for every run, so it does not need to be stored separately.


� The calculator stores this correction as the variable, “G.” Even if you quit the FOLLOW program, you do not need to rezero the probe unless you change the value of G or change the configuration of the sensor on the robot.
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