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Using a sensor as a switch in a control model
ICT Framework objectives

DEVELOPING IDEAS AND MAKING THINGS HAPPEN

Control and monitoring

· Implement a system to carry out a simple control task, including some that involve sensed physical data, by:

· compiling sets of instructions, identifying those which can be grouped to form procedures or loops;

· testing and refining the instructions.

Key vocabulary

From Year 6:
input, output, procedure

From Year 7:
automate, if … then, input device, output device, system
Other: loop
Preparation and planning

· Make sure that you know how to use a webcam and movement-sensing software, and that these will be available for the lesson.

· Write the questions for the starter activity on the whiteboard or flipchart. Set up the webcam.

· Prepare a control box for activity 2.

· Use your control and monitoring software to prepare the flowchart for activity 2 (see page 28).

· Prepare some partially completed flowcharts for less confident pupils in activity 3 (optional). Put the flowcharts in the network shared area.

· Make copies of Pupil resource 4.pdf, a flowchart to complete, one copy per pair of pupils.

· Make copies of Pupil resource 5.pdf, blank flowcharts, one copy per pupil.

· Display the lesson’s objectives in a prominent position, phrased in a way that pupils will understand.

· If necessary, have available guidance to help pupils to use your control and monitoring software.

· Add new vocabulary to the wall display.

· Prepare copies of the appropriate part of 7.6 homework tasks.doc, one for each pupil. Modify if appropriate.

Resources

· Computer and large display

· Software for wordprocessing and presentations

· A control and monitoring package that allows onscreen simulations, for example, Flowol, Logicator or Crocodile Clips, or any suitable control software

· Whiteboard or flipchart

· Printer

· A webcam with movement-sensor software

· A control box for activity 2

· Teacher resources from the CD-ROM for the unit

· Teacher resource 5.ppt
Slide presentation for lesson 3

· 7.6 homework tasks.doc
Homework tasks

· Pupil resources from the CD-ROM for the unit

· Pupil resource 4.pdf
Decisions (a flowchart to complete)

· Pupil resource 5.pdf
More decisions (blank flowcharts to complete)

Lesson outline
60 minutes
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Starter: Using a webcam to 
Small-group work
15 minutes


sense and log movement 
Whole-class demonstration   
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Loops 
Whole class
25 minutes



Paired work



Individual work 
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Using software to 
Individual or paired work 
15 minutes  
control events 
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Homework: Control
Individual work


systems that use a loop    
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Activities

1 Starter: Using a webcam to sense and log movement

Before the start of the lesson, set up a webcam, linked to the large display, to observe pupils’ movements as they enter the classroom. If you have not already done so, write the questions below on the whiteboard or flipchart.

As pupils enter, they should notice that their movements are registering on the display. Ask them, in small groups, to consider the questions displayed. 

· What is happening as people move in front of the camera?

The camera is recording what is in front of it and displaying a picture on the screen.

· How is the camera sensing movement?

The software checks to see if there is a change in the image.

· How could movement sensing be used in real life?

To trigger a burglar alarm system, to activate a catflap, to sense the movement of people as they approach an automatic door so that the door can open.

Give them a few minutes to consider, then ask the whole class:

· What instructions do you think the webcam has been given?

Show the class how the camera takes a picture or short video clip when the software has sensed a change in the image window.

Demonstrate how the sensitivity of the capture can be changed. Ask:

· When could it be useful to use the change of sensitivity?

You may not want the camera to be activated by a pet animal, or by trees moving outside a window.

Tell pupils that in this lesson they will learn how sensors are used to control events. They will create a flowchart to represent a simple system involving a sensor and then implement and test the system.

2 Loops 

Tell pupils that the web camera is acting as a sensor and the software is checking for changes in the image area. The software keeps checking and does not just run straight through a flowchart from START to STOP. This process of constant checking and rechecking uses a flowchart feature that is called a loop and this technique is used in a range of sensing environments.

Ask the class:

· What checks does the system controlling an outside security light constantly make?

· What checks does the system controlling a shop entry bell keep making?

· Why does an automatic door open when you stand in front of it? 

From these examples, develop pupils’ understanding that in each case the control system is asking a question. The question can be represented in a flowchart by a decision box. Explain that the question in the decision box needs an answer of YES or NO and the next action depends upon the answer. When the question has been answered then another action takes place.

Give out copies of Pupil resource 4.pdf, a flowchart to complete, one for each pair of pupils.


Ask the pairs first to study the diagram at the top of the page. They should then complete the diagram at the bottom of the page, writing a suitable question in the empty decision box and the subsequent action in each of the two process boxes. Allow 2 to 3 minutes for them to do this, then take feedback on their examples from three of the pairs.

Emphasise that there is no constant checking process in these examples. Once the question has been answered the process is complete.

Load Teacher resource 5.ppt on the large screen display. Show slides 1 to 3, illustrating the build-up of a flowchart with two loops. 

Slide 1

Slide 2

Slide 3

Say that slide 3 represents a system for monitoring light levels outdoors and turning on a lamp when it gets dark (i.e. when the light intensity is less than 50 on
a scale). An added feature is that an alarm beeps when the lamp is switched off. Talk through the flowchart and explain that in this example there is a constant checking process. Explain that a flowchart is only useful if it shows the sequence
of instructions without any chance of confusion. The lines joining the boxes must make clear the order in which the instructions are carried out. A start, input or output box may have only one line leading either from it or to it. A process box may have only one line in and one line out. A decision box must have one line in and two lines out. Conventionally, lines go down or left to right, otherwise the direction ‘up’ or ’left’ should be indicated by arrows, and – just as in electricity circuit diagrams – the lines should preferably not cross.

Show slide 4. Explain that sometimes software that produces flowcharts may not follow the conventions, as on slide 4, where the lines cross over each other.

Slide 4

Show slide 5, three scenarios, on the large display. Say that each of these scenarios requires a loop.

Slide 5

Hand out copies of Pupil resource 5.pdf, blank flowcharts, one copy per pupil. Ask pupils to choose one of the scenarios. They should then complete the decision and process boxes in the flowchart, adding connecting lines and arrows to demonstrate a loop. They should then try a second scenario.


Bring the class together. For each of the three scenarios, invite one or more pupils to describe their flowcharts. 

Now show and talk through slide 6, a flowchart that includes a light sensor from a monitoring and control simulation package. Say that this slide was produced with software and suffers from crossing lines.

Slide 6

Stress how the flowchart shows:

· how the process is broken down into parts;

· what information is needed at the start;

· the order in which the instructions must be carried out;

· what is to happen after a decision;

· where the loops go.

Say that you will now use your control and monitoring package to test this flowchart. Load your prepared flowchart, shown below, and connect a control box. Val 1 is a light sensor, and Output 1 is a bulb.


Run the program, showing pupils how to step through it. Vary the light intensity by using a piece of paper or your hand to shade the area close to the light sensor.
Ask pupils: 

· What is happening in the decision box?

The sensor is checking the light intensity.

· Where is the loop?

· What is happening in the system?

If it is too dark, the light bulb is turned on; if it is light enough, the light bulb is turned off and a beep sounds.

Explain that it is a security system – sensing a change in the light level in front of the sensor.

· How might a system like this be used in real life? 

A security light could come on outside a shop when it gets dark, and go off when it gets light, with a single warning sound to tell the shopkeeper that the light has switched off.

3 Using software to control events

Remind pupils that loops allow systems to keep checking and not just run through a flow diagram from START to STOP.

Tell pupils to use the control and monitoring simulation software. They should produce and test out a simple flowchart, with a loop to monitor an input from a digital device, to produce an output when it is on. For example, a doorbell, where a simple input action (touching the bell push) produces a result (ringing of the bell), which stops when the input is released.

Notes

The diagram below illustrates the kind of flowchart that pupils should be able to produce. Expect most of them to be able to create a flowchart of this level of complexity, to run the simulation software and talk about the processes that are taking place.


If it is appropriate, less-confident pupils could load a prepared, partially-completed flowchart from the shared area, complete it and run it.

4 Plenary: How a loop can improve the efficiency of a system

Stress that every system is designed for a particular purpose. Some systems are controlled manually (for example, the length of time for which toast is toasted under a grill) and some are controlled automatically (for example, the time for which toast is toasted in an electric toaster). 

Ask the class to discuss, in pairs, for 2 minutes, why a loop is an efficient method in the control of a system. For example, instructions have only to be written once; after that, once the system starts, everything happens automatically. The alternative to an efficient control system is that a human being would have to keep checking. 

Round off the lesson by reminding the class that, in today’s lesson, they have learned how information from sensors can be used to control events. They have represented instructions in the form of flowcharts and tested whether their flowcharts work.

Homework: Control systems that use a loop

Set this task. You may want to suggest one or two examples, such as:

· a temperature sensor in a greenhouse that switches on a heater in cold weather;

· a baby alarm, in which the sound of a baby crying starts a motor to rock the cradle.

Designing loops

Write down three examples of systems that use a loop. 

Sketch a flowchart for one of your examples.
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