Lighting
FACILITATOR NOTES

Overview

Student groups design and test software algorithms to control the lighting in a room. They evaluate alternative solutions in terms of energy efficiency, response time and general effectiveness.
Goals of the Activity

· Design, test and evaluate alternative software algorithms to manage the lighting in a model room.

· Compare alternative systems in terms of energy consumed, response time and stability under changing environmental conditions.

· Discuss alternative types of open-loop and closed-loop control systems.
Standards

Standards for Technological Literacy (ITEA)
2

Core concepts of technology
-- 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)
-- Optimization is an ongoing process or methodology of designing or making a product and is dependent on criteria and constraints. (9-12)
5

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

9

Engineering design
-- A prototype is a working model used to test a design concept by making actual observations and necessary adjustment. (9-12)
11
Apply the design process
-- Identify criteria and constraints and determine how these will affect the design process. (9-12)

-- Develop and produce a product or system using a design process

-- Evaluate final solutions and communicate observation, processes, and results of the entire design process, using verbal, graphic, quantitative, virtual, and written means, in addition to three-dimensional models. (9-12)

16
Select and use energy and power technologies
-- Energy cannot be created or destroyed; however, it can be converted from one form to another. (9-12)

-- Power systems must have a source of energy, a process, and loads. (9-12)

National Science Education Standards (NRC)
B.
Physical Science

Conservation of Energy and the Increase in Disorder
-- The total energy of the universe is constant. Energy can be transferred by collisions in chemical and nuclear reactions, by light waves and other radiations, and in many other ways. However, it can never be destroyed. As these transfers occur, the matter involved becomes steadily less ordered. (9-12)
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)
F

Science in Personal and Social Perspectives

Natural Resources
-- The earth does not have infinite resources; increasing human consumption places severe stress on the natural processes that renew some resources, and it depletes those resources that cannot be renewed. (9-12)

Math Standards (NCTM)

Algebra
-- Use symbolic expressions, including iterative and recursive forms, to represent relationships arising from various contexts. (9-12)
Measurement
-- Apply informal concepts of successive approximation, upper and lower bounds, and limit in measurement situations. (9-12)

Problem Solving
-- Apply and adapt a variety of appropriate strategies to solve problems. (9-12)

Equipment/Software Needed

FOR EACH GROUP OF 2 TO 4 STUDENTS:

TI-84 Family Graphing Calculator
FOR THE CLASS:

CBL2 or LabPro

Binary Basic Trainer

Light stand with 4 flashlight bulbs (see Appendix A)

TI-Presenter or TI-ViewScreen projection system
CALCULATOR PROGRAMS: LIGHTING
Activity Set Up

The activity requires lighting 4 6-V flashlight bulbs with the Binary Basic Trainer. It works best with a simple stand to support the bulbs in a way that models ceiling lights in a room. Detailed instructions and a parts list for a simple, low-cost stand are provided at the end of this document as Appendix A. Some teachers may prefer to have students design and build their own models or to have the stand built by a volunteer student or parent, by a career education class or by the school’s maintenance staff.

Prepare the equipment and the LIGHTING and LIGHTSUB calculator programs.

Identify a location with low, controlled lighting. In many cases, this simply requires turning off most or all room lights. In classrooms with windows and no blinds, it may be necessary to enclose the stand within a large cardboard box. Provide holes in the box so students can see inside and so they can vary the amount of ambient light.
Pre-Activity Discussion

Explain the importance of balancing human needs with economic and environmental concerns, using the example of classroom lighting. Effective education (like manufacturing, office work, activities in the home, etc.) requires at least some electrical lighting; however electrical energy is a significant cost for the school district and the generation of electricity has a significant impact on both natural resources and environmental quality. Ask students questions such as

“Do your parents complain about the way you use electricity at home?
“Do you know where the electricity that lights our school and homes is produced? (The answer is probably coal-fired generating stations, but some of it might come from nuclear or hydro-electric plants.)

“Do you think we are using electricity as efficiently as we should here at school?

“What are some of the methods you have seen used to reduce the amount of electricity used?”

Avoid prolonged discussion about the many complex and potentially controversial issues that can arise, but be sure students understand that the methods used to reduce the consumption of electricity include both human decisions (e.g., turning off the lights when you leave a room) and automated systems (e.g., timers or light or motion sensors to turn on lighting only when it is needed). Some students may note that automated lighting systems sometimes work poorly, for example activating city street lights in the middle of a cloudy day or by failing to provide enough light to keep the streets safe.
Guide the discussion toward a consensus that good lighting control systems should provide adequate lighting when it is needed while also avoiding excessive cost or environmental damage.

Facilitating the Activity

The Participant Handout includes a enough details 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 light stand and will guide the class through the activity. Individual student groups need access to a TI-84 family calculator where they can enter their programs. Each group can then take a turn to test its program.
The first 4 parts of this activity are all relatively brief, and could be done as demonstrations with students who are already familiar with the topics. The heart of the activity is Part 5, in which students design and test their own control algorithm.
Part 1: Manual Controls
The goal here is to familiarize the class with the apparatus. It is important to note the maximum and minimum levels which can be achieved using the flashlight bulbs. Also point out that the ambient changing (changing sunlight through a window, for example, or replacing putting a dark “carpet” under the lights) can have a dramatic impact on the readings from the light sensor. This is also true in real lighting systems. In discussing student answers to the questions, emphasize that very simple systems such as an ordinary on-off switch really are the best choice for many applications. More complex control systems are generally used in high-cost environments, such as malls or large offices. Even in these situations, there is generally a business decision as to whether the cost of a complex system can be offset in a reasonable amount of time by savings in electricity. 
Part 2: Writing a Threshold Control Program
The detailed instructions in the Participant Handout assume that students have never programmed a graphing calculator. Guide them through the process step-by-step and redirect their attention as quickly as possible to the functioning of the control algorithm.

The example given is not a true threshold program, since it allows a middle range in within which the existing light settings remain unchanged. The advantage of this middle range is that it can reduce switching. Without it, street lights might come on as the sun approaches the horizon, then switch back on and off again with each cloud that passes during the next hour or so. In this activity, the middle range also allows an initial program structure which can be relatively unchanged during the next parts of the activity.

Part 3:A Closed-Loop Threshold Control System
When used in closed-loop mode with the sensor measurer the same lights it controls, the threshold program will NOT function effectively, unless your select extremely large values for the tolerance. Instead, the lights will cycle continuously between on and off. This activity is intended to demonstrate instability. In answer to question 4, students should realize that the best solution is to allow for partial lighting, either lighting just some of the bulbs or using less than 100% power. In closed-loop mode, the threshold system is also wasteful of energy.

Part 4: A Closed-Loop Incremental Control System
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The program as written should be effective in reaching and maintaining the correct lighting level, but it should be obvious to the students that the algorithm is much slower than necessary. This is the opposite of the result seen in Part 3, which changes too much and overshoots the target. As they evaluate this incremental system, guide the students to recognize that a better system would combine the strengths of the two systems by changing rapidly when the setting is far from the intended value and changing slower when it is close. This is also a good time to introduce the issue of how the system responds to disturbances. The graph above illustrates how the incremental control system (1) brought the lighting level to within the desired range, (2) held it steady within (or close to) that range, and (3) responded to extra external lights by reducing power to the light bulbs.
Part 5: Developing a Better Control System
This is the heart of the entire activity. It can be treated as a “competition,” but it is generally best to present it instead as an exploration of alternative. The “best” algorithm will not necessarily come from the group which has learned the most. Emphasize the importance of a systematic development process and a systematic evaluation. Understand why one approach works less well than other approaches is a very positive achievement.

Before students begin to develop their own subprograms, guide the class to a consensus on testing procedures. Everyone must understand that their system must be able to set the lighting to any level B within the physical range of the equipment. Some students will want to include specific values of B and C in their program, but they must keep these as variables. The test procedure should include time for the algorithm to find and maintain the correct lighting level. It should also include an external disturbance (such as a flashlight or an extra shadow) for which the algorithm should compensate.
Particularly for groups attempting more complex algorithms, provide reference copies of the annotated program listing for LIGHTING, available at http://www.mathmachines.net/activities/lighting/LightingProgList.pdf. This listing also provides details about the variables used. It is essential to avoid introducing new variables within the subroutine without first verifying that the same variable is NOT used in the main program. (TI calculator variables are all universal variables. Change a value in the subprogram also changes it for the main program. Safe variables are: F,H, I, O, R, V, X, Y and Z.
The Participant Handout suggests three alternative strategies which vary substantially in difficulty. The first suggestion is “proportional control,” which changes P more rapidly when the illumination is much too bight or much too dim and slowly when P is almost right. This can be implemented using “If” statement as shown in the first example at right. It can also be implemented using a calculation such as that shown in the second example at right.
The second suggestion is to increase the number of independent variables, changing the number of lights as well as their power level. This strategy can be implemented, for example, but first setting P=100 and adjusting L to find the smallest number of bulbs which exceeds the required illumination. The system can then be fine tuned by adjusting P.

The third suggestion is mathematically and programmatically the most sophisticated. It is widely used in real control systems as a “derivative” term—using the rate of change in previous adjustments to predict the effect of future adjustments. Discourage students from using this method unless they have the necessary background or they have already succeeded with one of the other approaches.

Post-Activity Discussion

Have each groups give an informal oral report of their results, emphasizing that each approach has its own advantages. Those advantages might well include simplicity and stability as well as fast response or sophistication. 
Group Activity Questions

See Report Forms.

Individual Assessment

Questions that may be used on a quiz or test:

1) A home owner installed an automatic outdoor security light, controlled by a sensor that is supposed to turn the system on at dusk and off at dawn. Instead, the light constantly flashes on and off all night. How would you suggest he solve the problem?
2) In a closed-loop automatic lighting system, where is the light sensor normally located? Why?

3) What should be advantages of using an automated lighting control system in a large office building:
a. reduced electrical cost.

b. reduced consumption of resources.

c. reduced air pollution.

d. consistent, high-quality lighting

e. All of the above.

Extending the Activity

The lighting stand used in this activity is simple enough for students to design and build. They can be encouraged to design test stands to simulate a wide variety of environments, including highway lighting, parks, homes, malls, theater stages, etc.
The investigation of energy consumption can be far more precise and elaborate. As written, the LIGHTING program simply assumes that the full-power of a single light bulb is 1.5 W and prorates the energy usage based on the values of P and L. With the addition of current and voltage probes and a separate interface, the energy consumption could be measured directly. A simpler method (but one which requires longer test runs) is to use rechargeable batteries and to measure how long the algorithm can keep the lights within tolerance before the batteries go dead. A typical AA nickel metal hydride (NiMH) rechargeable battery has a rating of about 1.8 amp-hours. The terminal voltage is nominally 1.2 V, somewhat less than the 1.5 V nominal level for non-rechargeable batteries. With 4 NiMH batteries in series, this gives an output voltage of 4.8 V and an energy capacity of about 4.8 V x 1.8 A x 3600 = 31,000 J. This is enough to run (in theory) 4 1.5-W bulbs for about 90 minutes. This can be the foundation for a competition, where the goal is to keep the illumination within tolerance for as long as possible.
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 Binary Basic Trainer is plugged into Digital port 1 and the light sensor into analog channel 1. (If your interface is a CBL2 it has only 1 digital port.) The CBL version of this activity is not yet available but you can email fred.thomas@mathmachines.net for the latest update.
If the LabPro or CBL2 beeps unexpectedly when you run LIGHTING, 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
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 LIGHTING program is relatively large program (about 3000 bytes) and it creates several lists. You may encounter “out of memory” errors, particularly if you collect data for extended periods. You may need to archive all other programs and data in your calculator. Note that LIGHTING requires no other programs except LIGHTSUB. You can reset the calculator, load LIGHTING and LIGHTSUB and it should work.

Additional Resources
· Appendix A provides instructions for building a simple 4-bulb holder to be used in this activity.

· 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/lighting/index.htm . The spreadsheet could be helpful in guiding students to perform a more advanced analysis or to prepare a more formal presentation on their recommendations. At the same web address, you can also obtain an annotated listing of the LIGHTING program.

· A detailed tutorial of this topic, including on-line simulations, is available from the Lighting Research Center at http://www.lrc.rpi.edu/programs/NLPIP/tutorials/photosensors/index.asp.

· Technical data about popular brands of batteries is available from the manufacturers at http://www.rayovac.com/technical/specs.htm, http://www.duracell.com/oem/ProductData/ and http://data.energizer.com/. Information generally (but not always) includes an estimate of the mA-hr capacity of the battery, along with many more details.







































�








1
Lighting
Facilitator Notes
Dec. 15, 2005
page 7

