Introduction to Control Systems
FACILITATOR NOTES

Overview

This activity provides an introduction to the ways in which automated systems transform input data into output actions. Students program a graphing calculator to serve as the “brain” in a variety of control systems. Input data will be collected as automatic measurements of temperature and light levels and the output actions will include sound, motion, and lights.

Goals of the Activity

· design and test an automatic control system using 2 inputs (temperature and light level) which operates 4 on-off outputs (a ventilation fan, 2 light bulbs and an alarm buzzer).

· use mathematical functions and the Boolean "and" and "or" operators to program the logic of their control system.
Standards

Standards for Technological Literacy (ITEA)
2

Core Concepts of Technology
--
Technological systems include input, processes, output, and at times feedback. (6-8)
--
Controls are mechanisms or particular steps that people perform using information about the system that causes systems to change. (6-8)
--
Systems, which are the building blocks of technology, are embedded within larger technological, social, and environmental systems. (9-12)
5

Effects of Technology on the Environment
-- Humans can devise technologies to conserve water, soil, and energy through such techniques as reusing, reducing, and recycling. (9-12)

-- With the aid of technology, various aspects of the environment can be monitored to provide information for decision-making. (9-12)

-- The alignment of technological processes with natural processes maximizes performance and reduces negative impacts on the environment. (9-12)

8

Role of Society in the Development and Use of Technology
-- The design process includes defining a problem, brainstorming, researching and generating ideas, identifying criteria and specifying constraints, exploring possibilities, selecting an approach, developing a design proposal, making a model or prototype, testing and evaluating the design using specification, refining the design, creating or making it, and communicating processes and results. (9-12)
National Science Education Standards (NRC)
E

Science and Technology
Abilities of Technological Design

-- Propose designs and choose between alternative solutions. (9-12)

-- Implement a proposed solution. (9-12)

-- Evaluate the solution and its consequences (9-12)
-- Communicate the problem, process, and solution. (9-12)
Understandings about Science and Technology
-- Science and technology are pursued for different purposes. Scientific inquiry is driven by the desire to understand the natural world, and technological design is driven by the need to meet human needs and solve human problems. (9-12)

Math Standards (NCTM)

Algebra
Understand Patterns, Relations, and Functions.
-- understand and perform transformations such as arithmetically combining, composing, and inverting commonly used functions, using technology to perform such operations on more-complicated symbolic expressions. (9-12)

Use Mathematical Models to Represent and Understand Quantitative Relationships.
-- identify essential quantitative relationships in a situation and determine the class or classes of functions that might model the relationship. (9-12)
Equipment/Software Needed (also see notes under “Activity Set Up”)
FOR EACH GROUP OF 4 TO 8 STUDENTS:

Binary Basic Trainer or Motor Controller with cable

TI-83 or TI-84 Graphing Calculator

CBL or CBL2 or LabPro with either batteries or AC adapter
Link cable (to connect calculator to CBL or LabPro)

12-V Buzzer (for example, Radio Shack # 273-055 or Jameco # 140695PS)
Two 12-V Lights (for example, Radio Shack # 272-332, 272-335 or 272-337 (red, blue, green respectively) or Jameco # 209998PS)

12-V Fan (for example, Radio Shack # 273-239 or Jameco # 191476)

Temperature probe

Light Probe

Small, flat screwdriver

Cups for warm and cold water

FOR THE CLASS:

TI-Presenter or TI-ViewScreen projection system
CALCULATOR PROGRAMS: CONTROL, SIGNAL
Activity Set Up

The Binary Basic Trainer is powered by batteries provide 6 volts while the Motor Controller operates with 12 volts. Most 12-V devices will, however, function adequately for this activity with the 6 volts from the Basic Trainer. As long as the fan turns, for example, it does not need to turn at its optimal speed. The instructions call for 4 different 12-V devices; however, the first parts require just one device per group. You could reduce the amount of equipment required by giving each group start with one device and sharing later. It is also possible to use three different colored lights plus a fan or buzzer to count as the “4 devices.” The activity is much more motivating if every group starts with at least one device which either moves or makes noise. Put masking tape on the buzzers if they are too noise.
Distribute the equipment and load the calculator programs.

Pre-Activity Discussion

Emphasize the need for safety. Twelve volt sources are relatively safe, but they can cause injury, damage or fires if misused. Even if the system is relatively safe, it is still important that students learn good procedures for working with electrical systems.
Emphasize that automated control systems are extremely common and encourage students to give examples. Point out that the criteria for successful operation of a control system vary greatly. The system that deploys airbags in a car, for example, must respond very rapidly and very reliably while there is significantly more tolerance in other systems. Note that errors occur either if the system fails to respond when it should (e.g., the air bags do not deploy in a serious accident) or if it activates the outputs when they should not be activated (e.g., if the air bags deploy when there has not been a serious accident).
Facilitating the Activity

Part 1: Basic Control Logic
This introductory section is intended to get everyone’s equipment up and running, to give each group experience entering values in multiple formats, and to introduce the techniques for entering logical tests. If the students are not familiar with logical tests on the calculator, demonstrate that process. Also be sure they understand the difference between “and” and “or.” Sample answers for the questions are given below.
1) Record below ALL the integer values from 0 through 15 which cause the red LED to light.

1
3
5
7
9
11
13
15
2) Record below the integer value which lights ONLY the red LED and also show the creative entry you made for “T” which caused the LED to stay on for 7.5 s.

S  =
1
T  =
possible answers include 15/2, (10+5)/2, 7 + ½, etc (1/7.5)-1, etc
3) What value for “S” does the calculator find when you enter a true statement such as “(5=10/2)”? Does the red LED light?

S =
1
Does the red LED light?     yes  
4) What value for “S” does the calculator find when you enter a false statement such as “(5>8)”?

S =
0
Does the red LED light?      no 
5) What value for “S” does the calculator find when you enter a true, compound statement such as “(3<9) and (2>-3)”?

S =
1
Does the red LED light?     yes  
6) What value for “S” does the calculator find when you enter a false, compound statement such as “(3<9) and (2<-3)”?

S =
0
Does the red LED light?      no 
Why is this statement “false,” and not “half true”?   Half true is still false. Binary logic is all or nothing.
Part 2: A BASIC CONTROL SYSTEM
This part is logically very similar to the first, but it is (a) more abstract in using the independent variable, E, rather than fixed numbers, and (b) it is more concrete in that there is a physical outcome (the fan running) rather than just a number or a light. Guide the students to use the physical outcome to assess their own logic. The equipment, not the instructor, should tell them if they are right or not, but be sure they only count themselves right if the system’s response is always right—on when it should be on and off when it should be off. Also emphasize as you work with students that there are often multiple correct solutions. Ask, for example, “Can you think of another expression for Y9 which would give the same result?”
1) Show the first logical test you used and describe in words how it functioned to control the fan.

Y9 = E>21 or similar.   The fan runs when the temperature above 21 and not when the temperature is below 21.
2) Show the logical test you used to make the fan run only when the temperature is high or low and describe in words how it functioned.

Y9 = “E<15 or E>25” or similar.   The fan runs when the temperature below 15 or above 21 but not when the temperature is between 15 and 25.
3) Show the logical test you used to make the fan run only when the temperature is in a middle range and describe in words how it functioned.

Y9 = “15<E and E<25” or similar.   The fan runs when the temperature is between 15 and 25 but not outside that range.
4) Record the incorrect format (such as “15<E<25”) your used and the results.

Y9 = “15<E<25” or similar.   The fan runs no matter what the temperature. [Note: In the absence of parentheses, the calculator performs operations of equal priority in the order they are written. In this case, the calculator effectively treats the statement as “(15<E)<25”. The calculator first evaluates “15<E” to be either “0” or “1.” Both “0” and “1” are less than 25, so the calculator always evaluates the final result to be “true,” or “1.”]
Part 3: Multiple Inputs and Multiple Outputs

The goals in this part are (1) to provide students with detailed instructions about the technical details of programming the system, and (2) to model the process of developing test procedures based on the design criteria specified for the system. Remind the students that they will soon be given much more responsibility for developing their own control system.
Part 4: Designing and Testing a Control System

Emphasize the importance of understanding and using the specified criteria. You may want to require that they draft a testing plan or draw truth tables or both before they begin development of the logic statements themselves. While they work, provide as much guidance as necessary to prevent excessive frustration, but encourage students to use the hardware to answer their questions instead of relying excessively on you. If CONTROL crashes, for example, they can select the “GOTO” option and see where the error occurred. In many cases it will be where the program calls Y9—indicating that there is a syntax error in one of the team’s Y functions. Errors where the program line says “GET LE” are almost always caused by a hardware problem, such as a loose connection between the calculator and CBL2 or dead batteries in the CBL2.

Watch for unwanted feedback. This is an open-loop control system, where the light sensors are supposed to respond to sunlight, not to the light of the light bulbs. If the light sensor is placed where it detects the light of the bulbs it controls, the system may oscillate on and off in an undesirable way.
Post-Activity Discussion

Encourage discussion about ways in which the control system could be made better. If student offer very brief suggestions (such as, “Buy more expensive equipment”), press for more specific ideas about what feature should be included in the more expensive solution and why. Also emphasize the importance of simplicity. The most important improvements to the system here might well be in the direction of a less expensive controller or one which simplifies the logic. It is not really necessary, for example, to use 5 Y functions when a little algebra makes it possible to reduce the calculation to a single function. You may also want to discuss the fact that this control system is an open loop, with no feedback.
Especially if you plan to do the “Lighting” activity, point out here that the system is not as efficient as it could be in controlling actual level of lighting. A closed-loop system could give a significant improvement in performance, but with increased costs and complexity.
Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1) Evaluate each of the following Boolean logic statements.
a. (5>2)    = _____
b. (2≤-1)  = _____

c. When H = 8,      (H<6.7) = _____

d. When H = -12,  (H<6.7) = _____

e. ((6>0) and (-1<0)) = ____

f. ((6>0) or (-1<0))   = ____

g. When F = 0,      ((F>0) and (9<10)) = ____

h. When F = 0,      ((F≥0) or (16=0))   = ____

2) Why is it important to specify clear performance criteria before beginning development of a control system?
Extending the Activity

Encourage teams to design alternative control systems, perhaps using additional sensors or additional outputs or both. Have each team design a control system and verify physically that it is possible, then specify those criteria as a challenge for other teams.
Troubleshooting

If the system fails to operate, check all connecting cables. Also make sure the batteries in the LabPro or CBL2 Also be sure that the Binary Basic Trainer or Motor Controller is plugged into Dig/Sonic port 1 and the light sensor into analog channel 1. (If your interface is a CBL2 it has only 1 digital port.)

If CONTROL crashes, select the “GOTO” option and see where the error occurred. In many cases it will be where the program calls Y9—indicating that there is a syntax error in one of the  Y functions. Errors where the program line says “GET LE” are almost always caused by a hardware problem, such as a loose connection between the calculator and CBL2 or dead batteries in the CBL2.
If the LabPro or CBL2 beeps unexpectedly when you run the programs, you made need to upgrade the 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
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.
· A basic overview of Boolean operators is available from California State University, Bakersfield at http://www.lib.csubak.edu/infocomp/search/boolean/venn.htm#PAR
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