BINARY SIGNALS
Communications / Electronic Controls
Overview:

In this activity a graphing calculator will be used to send signals to other students and directly to machines such as an RC vehicle, a buzzer, a fan or other equipment. The information will be transmitted in “binary” format—which means it consists of a pattern of on-or-off elements of information called “bits.” This same binary communication system is the foundation for modern computers and other digital equipment. Eight bits together make a “byte”—enough information to represent a letter of the alphabet, for example. The equipment used here has just 4 independent on-or-off “bits.” Since this is one-half of a “byte,” four bits are sometimes called a “nibble” of information. Modern computers may have a gigabyte or more of RAM memory, where one gigabyte is a billion bytes. The system here is much less complex, but the essential principles are the same. It’s amazing what can be done with just half a byte of information, especially when that information is used to control machines.
CAUTION:

This equipment is only appropriate for controlling low-voltage, low-current DC devices, such as small battery-powered motors. NEVER CONNECT THE CIRCUIT TO AC DEVICES OR TO ANY VOLTAGE SOURCE THAT EXCEEDS 12 VOLTS OR 200 mA.
PART 1   SENDING SIGNALS
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Assemble the calculator, Binary Basic Trainer and interface (CBL, CBL2 or LabPro) as shown by your instructor. The black link cable connects the calculator and interface. The grey phone-style cable connects the Binary Basic Trainer to the “Dig/Sonic” port on the CBL2, the “Dig Out” port on the CBL, or the “Dig/Sonic 1” port on the LabPro.
Run the program, SIGNAL, on the calculator, as follows:
· press the [PRGM] key,

· use the down arrow key to highlight the number of the SIGNAL program from the on-screen menu,

· press the [ENTER] key twice to start.

Select "SET S AND T" option and follow the instructions on the calculator screen. Experiment with various integers to see how the integers control the light emitting diodes (LEDs) on the Binary Basic Trainer. 
Identify the integer inputs which make each of the four LEDs light individually, and record the results on your report form. After you identify that pattern, go on to answer the other questions on the report form.
If you have time, also experiment with the “KEY PRESS” option. Can you enter values such as 10 or 14 with a single key?
BINARY SIGNALS
REPORT FORM (Part 1)
NAME(S)  ____________________________________________________________________

1) Complete the table below to show the integer which causes each of the four lights (LEDs) to light individually.
	COLOR:
	Orange
	Green
	Yellow
	Red

	INTEGER:
	
	
	
	


2) Describe the pattern of integers in words. How do the values change going from right left?
3) Experiment to learn what integer causes the green and red lights to come on simultaneously?
Green and red light simultaneously with what integer signal? ___________

4) How is the value of the integer that lights both red and green related to the integers that light red individually and green individually?

5) Predict the integer that will cause each of the combinations below to light simultaneously, then test your predictions

Green and yellow should light simultaneously with what integer signal? ___________

Was your prediction correct? _______

Orange and red should light simultaneously with what integer signal? ___________
Was your prediction correct? _______

Orange, yellow and red should all light all simultaneously with what signal? ___________

Was your prediction correct? _______

What integer signal should make all four lights come on simultaneously? ___________

Was your prediction correct? _______

6) Describe the method you can use to light any combination of the four lights.
PART 2   YOUR OWN CODE
Work as a team to invent a signalling system. After you invent your system, part of your team (the “source”) will roll a pair of dice and select one of the paths shown in the table below. These team members will then need to signal instructions to another team member (the “destination”) who will play the role of an RC vehicle. This team member will need to follow the prescribed path without knowing in advance which path has been selected. (Your coding system needs to work for any motions that are possible for the RC vehicle, not just the 12 shown in the table.)
Follow the instructions and answer the questions on the Report Form.
	1

Forward ___
Forward
right       ___
Forward ___
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	2

Forward
right       ___
Forward
right       ___
Forward ___
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	3

Back-right ___
Back-right ___
Back         ___
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	4

Back         ___

Back         ___

Forward
left           ___
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	5

Back-left ___
Back         ___

Back         ___
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	6

Back-left ___
Forward  ___
Forward  ___
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	7

Forward
right       ___
Forward ___
Forward ___
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	8

Forward ___
Forward ___
Forward
right       ___
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	9

Forward ___
Forward
left         ___
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	10

Forward
right       ___
Forward
right       ___
Forward
right       ___
Forward
right       ___
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	11

Forward
right       ___
Forward
left         ___

Forward
right       ___
Forward
left         ___
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	12

Stand still ___
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BINARY SIGNALS
REPORT FORM (Part 2)
NAME(S)  ____________________________________________________________________

1) First consider the basic actions—the things the RC vehicle can do with ONE movement of ONE lever or button on the hand controller. Decide on the one color you will use to signal each basic action and also determine the integer that will let you light the correct LED.
	ACTION:
	Forward
	Backward
	Steer Left
	Steer Right
	Stop

	COLOR:
	
	
	
	
	No lights

	INTEGER:
	
	
	
	
	0


2) Explain briefly why you picked the coding system you picked. What advantages does your system have for the person sending the codes? What advantages does it have for the person receiving the codes?

3) Now identify the combined actions that are important for the RC vehicle. Describe how you will combine the individual lights above to signal each of these combined messages.
	COIMBINED ACTION:
	Forward Left
	Forward Right
	Back Left
	Back Right

	COLORS:
	
	
	
	
	
	
	
	

	INTEGER:
	
	
	
	


4) Test your coding system and describe below how well it works.

5) What features of your coding system could be improved?

Consider the coding system at right for questions 6 and 7.
6) Is this coding system easy for a person to interpret? Why or why not
7) Does this coding system match well with the way the RC vehicle’s hand controller works? For example, can you match each color to a specific movement of the hand controller? Explain your answer.
Consider the coding system at right for questions 8 and 9.

8) Compared to the coding system in questions 6 and 7, is this coding system easier or more difficult for a person to interpret? Why or why not

9) Does this coding system match well with the way the RC vehicle’s hand controller works?

PART 3   A MORE EFFICIENT ENCODING SYSTEM
It can be awkward to send codes using the “SET S AND T” option, particularly if you need to respond quickly. Any combined codes greater than 9 (for example “15”) are particularly inconvenient, since they require two key strokes for the integer, plus a third key stroke on the ENTER key to tell the calulator you have completed the number. The “hexadecimal” system is widely used to improve the encoding. In the hexidecimal system, integers 0 – 9 are the same as in our usual decimal system. The “double integers” from 10 through 15 are replaced by letters, as shown at right. 
Complete the table on the Report Form to show the hex codes that should make the vehicle execute each of its seven primary actions. Run the “KEY PRESS” option on the calculator to check how the coding works. While the SIGNAL program is running in KEY PRESS mode, it is not necessary to use the “alpha” or “alpha lock” modes. To enter “C,” for example, just press the PRGM key.
The signal will continue until you press the “0” key or ENTER to return to the menu.
	ACTION:
	Forward
	Back
	Forward Left
	Forward Right
	Back
Left
	Back
Right

	HEX CODE:
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