Exploring Robotics with Electronics: Boe-Bot Activity Worksheet

Chapter 2:  Your Boe-Bot’s Servo Motors

Name:




  Date:






Class:




Teacher:
By the time you complete this chapter you will be able to:

· Robot Assembly and Engineering
· Connect LED lights and use them as signals for the robot

· Explain what a continuous rotation servo motor is and how it works 

· Center and calibrate the Continuous Rotation Servo motors 

· Connect, adjust, and test the Parallax Continuous Rotation Servo motors 

· Identify a Servo horn and Explain how it works

· Identify the parts of a continuous rotation servo motor

· Explain how the speed and direction are controlled for the Continuous Rotation Servo motors

· Explain what a potentiometer is, how it is adjusted and how it is used with a servo motor

· Robot Programming

· Generate several programs to blink LED lights on and off 

· Generate a program to send pulses to the servo motors

· Generate a program to turn the servo motors on and off

· Explain how variables are used in the Basic Stamp language and the size of variables that can be stored 

· Explain and use the PAUSE command 

· Explain and use the DO…LOOP command 

· Explain and use the FOR…NEXT command 

· Explain and use the HIGH and LOW commands as a way of making the BASIC Stamp connect an I/O pin to Vdd or Vss 

· Explain and use the PULSOUT command 

· Explain and use values for Bit, Nib, Byte, and Word variables

· Electronics

· Explain what a circuit is and how one is created with a breadboard

· Explain  what a diode is and what happens when current passes thru it

· Identify an LED light and Explain its operation

· Identify a resistor by its colored stripes 

· Explain the operation of a resistor as an electric resistance in a circuit

· Construct an LED circuit with one 470 ohm resistor and one LED

· Construct an LED circuit with two 470 ohm resistors and two LEDs

· Explain the purpose of microcontroller I/O pins

· Construct a connection from the breadboard circuit to the microcontroller using an I/O pin

· Construct a circuit that uses positive and negative power supplied from a DC battery 

· Explain how vss and vdd are used on a breadboard to connect to a voltage source

· Explain what a voltage regulator is and how it is used with voltage 

· Explain what pulse width modulation is and how it relates to high and low voltage

· Explain how pulse width modulation is used to control the speed of the servos

· Technical Communications

· Explain the difference between a wiring diagram and a schematic 

· Read a wiring diagram and Generate a circuit from it

· Math and Science
· Explain what binary numbers are and how they are used with computers
· Explain the abbreviation for a second

· Explain how long a millisecond lasts and how to abbreviate it 

· Calculate the speed and direction used to control the Continuous Rotation Servo motors 

· Perform calculations with positive and negative numbers 
· Solve math formulas with multiplication and division.  For example, calculate duration as duration = pulse duration / 2 milliseconds, and calculate time to run servos as Number of pulses = Time s / 0.0246 s 
· Explain electric circuits and how a charge flows through one

· Explain volts and how it is abbreviated

· Explain how batteries are a voltage source

· Explain how current is measured in amperes (amps)

· Explain what a milliamp is and how it is abbreviated

· Explain how electrons flow through a circuit 

· Explain electric resistance 

· Read a timing diagram that relates high and low signals to time

· Explain how high and low signals can generate a wave 

· Use the hexadecimal numbering system with Bit, Nib, Byte, and Word variables

· Generate a table and record pulsout duration combinations and the resulting behaviors

Assignments Checklist:

Put an X in Done for item as it is completed.  Your instructor will assign any Points when reviewing the worksheet.
	Done
	Points
	Description

	
	
	1. View the lesson and the videos. 

	
	
	2. Read and follow the instructions in Robotics with the Boe-Bot  Chapter 1.  

	
	
	3. Review the Key Points or FAQs. 

	
	
	4. Complete the Boe-Bot activities assigned by your instructor. If self-study, do all the “Your Turn” parts for each activity in the chapter.  
· Activity 1 BUILDING & TESTING LEDS 
· Activity 2 TRACKING TIME AND REPEATING
· Activity 3 CONNECTING THE SERVO MOTORS
· Activity 4 CENTERING THE SERVOS
· Activity 5 HOW TO STORE VALUES AND COUNT
· Activity 6 TESTING THE SERVOS

	
	
	5. Fill in the Observations to Answer the questions at the end of the chapter.

	
	
	6. Complete the Programming Exercises at the end of the chapter and answer the questions in the Observations.

	
	
	7. Complete the Projects at the end of the chapter and answer the questions in the Observations.

	
	
	8. Send this completed worksheet to your instructor. 

	
	
	TOTAL POINTS


Activity Observations:
What happened as you completed each of the activities?  Also what happened for each of the YourTurns that are part of the activity?  What worked and what did not work as anticipated?  What did you do to correct things that didn’t work?  What did you learn or what was new to you?  (Note refer to the objectives at the beginning of this document for clues on what should be learned.)  

(1)  BUILDING & TESTING LEDS – DIFFERENT PAUSE DURATIONS
What are Boe-Bot’s motors called?

What BASIC command do you use to tell the robot to wait for a while?

Part 1: Example Program: TimedMessages.bs2
You can change the delay between messages by changing the PAUSE commands’ Duration arguments.
 Try changing the PAUSE Duration arguments from 1000 and 2000 to 5000 and 10000, for example:

DEBUG "Start timer..."

PAUSE 5000

DEBUG CR, "Five seconds elapsed..."

PAUSE 10000

DEBUG CR, "Fifteen seconds elapsed..."

 Run the modified program.

 Also try it again with numbers like 40 and 100 for the Duration arguments; they’ll go pretty fast.

 The longest possible Duration argument is 65535. If you've got a minute to spare, try PAUSE 60000.

Part 2: Example Program: HelloOnceEverySecond.bs2
Modify the program so that the commands look like this:

DEBUG "Hello!"

DO

DEBUG "!"

PAUSE 1000

LOOP

What do you think will happen?

Run it and see what happens! Did you anticipate the result?
(2)  TRACKING TIME AND REPEATING 
What is a resistor?
How can you use the colored stripes to identify resistor values?
What is a diode?

What is a light-emitting diode?
How can you tell the cathode side of an LED?

What sign is used to designate the anode side of an LED?   The Cathode side?

What should you always do before building or modifying a circuit?

What is an I/O pin?

When you connect a circuit to Vss, it’s like what?

When you connect the other end of the circuit to Vdd, it’s like what?

What is voltage and how is it abbreviated?

What is current and how is it abbreviated?

What BASIC command is used to connect the circuit to Vdd and turn an LED on?

What BASIC command is used to connect the circuit to Vss and turn an LED off?

Example Program: HighLowLed.bs2 - Blink the Other LED
Modify the program so that the commands look like this:

DO

HIGH 12

PAUSE 500

LOW 12

PAUSE 500

LOOP

Run the modified program and verify that it makes the other LED blink on/off.

You can also make both LEDs blink at the same time.

Modify the program so that the commands look like this:

DO

HIGH 12

HIGH 13

PAUSE 500

LOW 12

LOW 13

PAUSE 500

LOOP

Run the modified program and verify that it makes both LEDs blink on and off

at roughly the same time.

You can modify the program again to make one LEDs blink alternately on/off, and you

can also change the rates that the LEDs blink by adjusting the PAUSE command’s

Duration argument higher or lower.  Try it.

What is one millionth of a second called and what is the abbreviation?

What is the largest value you can use in a PULSOUT Duration argument?

Example Program: PulseBothLeds.bs2
Modify the program so that the commands look like this:

DO

PULSOUT 13, 6500

PULSOUT 12, 6500

PAUSE 200

LOOP

Run it and verify that it makes the LEDs blink ten times as fast.
Now, let’s try 100 times as fast (one hundredth of the duration).
Modify the program so that the commands look like this:

DO

PULSOUT 13, 650

PULSOUT 12, 650

PAUSE 20

LOOP
Run the modified program and verify that it makes both LEDs about the same brightness.

Try substituting 850 in the Duration argument for the P13 PULSOUT command.

DO

PULSOUT 13, 850

PULSOUT 12, 650

PAUSE 20

LOOP

Run the modified program and verify that the P13 LED now appears slightly brighter than the P12 LED. You may have to cup your hands around the LEDs and peek inside to see the difference. They differ because the amount of time the P13 LED stays on is longer than the amount of time the P12 LED stays on.

Try substituting 750 in the Duration argument for both the PULSOUT commands.

DO

PULSOUT 13, 750

PULSOUT 12, 750

PAUSE 20

LOOP

Run the modified program and verify that the brightness of both LEDs is the same again. It may not be obvious, but the brightness level is between those given by Duration arguments of 650 and 850.

(3)  CONNECTING THE SERVO MOTORS
Identify your board, is it a Board of Education or a Homework Board?

If you are using the 6 V battery pack, make sure the jumper between the servo ports on the Board of Education is set to Vin as shown on the left of Figure 2-12.

If you are using a 7.5 V, 1000 mA center positive DC supply, set the jumper to Vdd as shown on the right side of Figure 2-12.
Refer to figure 2-12.  Did you select Vdd or Vin and Why?
Connect your servos to your Board of Education as shown in Figure 2-13.

Refer to figure 2-13. Which color of wire in the servo connector goes up toward the numbers 12 and 13?


Refer to figure 2-14.  Does your configuration look like this?  Did you have any difficulty with creating this?


How do you disconnect the power to your board?
(4)  CENTERING THE SERVOS
Use the formula for duration and calculate the duration for 1.3 ms. 

Enter, save, and run CenterServoP12.bs2, then continue with the instructions that follow the program.
 If the servo is not yet centered, use a screwdriver to gently adjust the potentiometer in the servo as shown in Figure 2-24. Adjust the potentiometer until you find the setting that makes the servo stop turning. Caution: do not push too hard with the screwdriver!
Verify that the LED signal monitor circuit connected to P12 is showing activity. It should be emitting light, indicating that the pulses are being transmitted to the servo connected to P12.

If the servo has already been centered, it will not turn.

Repeat the process for the servo connected to P13 using this program: CenterServoP13.bs2
Remember to completely disconnect power when you are done.
Did you have any difficulty with centering the servos?  Were yours already centered or what adjustment did you make to center them?

(5)  HOW TO STORE VALUES AND COUNT
Your servos do not need to be connected to power for this activity.
What are variables in a Basic program?
What are the four different sizes of variables you can declare?

What does initialize a variable mean? Give an example.

How do you multiply a variable value times a number?  Give an example.

How do you add the value of two variables? Give an example.

Example Program: VariablesAndSimpleMath.bs2

Before running the program, predict what each DEBUG command will display.

Enter, save, and run VariablesAndSimpleMath.bs2.

Compare the results to your predictions and explain any differences.

Calculations with Negative Numbers
Delete this portion of VariablesAndSimpleMath.bs2:

value = 10 * anotherValue ' Perform operations

DEBUG ? value ' Display values again
Replace it with the following:

value = value - anotherValue ' Answer = -1500

DEBUG "value = ", SDEC value, CR ' Display values again

Run the modified program and verify that value changes from 500 to -1500.

Example Program: CountToTen.bs2

Enter, save, and run CountToTen.bs2.

Modify the FOR…NEXT loop so it looks like this:

FOR myCounter = 21 TO 9

DEBUG ? myCounter

PAUSE 500

NEXT

Run the modified program. Did you notice that the BASIC Stamp counted down

instead of up? It will do this whenever the StartValue argument is larger than the EndValue argument.

Add STEP 3 to the FOR…NEXT loop so it looks like this:

FOR myCounter = 21 TO 9 STEP 3

DEBUG ? myCounter

PAUSE 500

NEXT

Run the modified program and verify that it counts backwards in steps of 3.
(6)  TESTING THE SERVOS
What is RPM?

What is a pulse train?
Example Program: ServoP13Clockwise.bs2

Enter, save, and run ServoP13Clockwise.bs2.

Verify that the servo’s horn is rotating between 50 and 60 RPM clockwise.
A duration of 650 is how many ms?
How does the servo horn rotate with a duration of 650?
Example Program: ServoP12Counterclockwise.bs2
A duration of 750 is how many ms?

How does the servo horn rotate with a duration of 750?

A duration of 850 is how many ms?

How does the servo horn rotate with a duration of 850?

Save ServoP12Clockwise.bs2 as ServoP12Counterclockwise.bs2.

Modify the program by changing the PULSOUT command’s Duration argument

from 650 to 850.

Run the program and verify that the servo connected to P12 is now rotating

between 50 and 60 RPM counterclockwise.
Modify the PULSOUT command’s Pin argument so that it makes the servo

connected to P13 turn counterclockwise.
What is pulse width modulation?
What is the command that makes the servo stand still?

What is the command that makes the servo turn clockwise?

What is the command that makes the servo turn counterclockwise?
Example Program: P13Clockwise.bs2
Modify the PULSOUT command’s Pin argument so that it makes the servo

connected to P13 turn counterclockwise.

Example Program: ServosP13CcwP12Cw.bs2
Enter, save, and run ServosP13CcwP12Cw.bs2.

Verify that the servo connected to P13 is turning full speed counterclockwise

while the one connected to P12 is turning full speed clockwise.

Hold your servos together back-to-back and re-run the program.

Try the following PULSOUT Duration combinations, and fill in the Description

column with your results.
	Durations
	Table 2-1: PULSOUT Duration Combinations

	P13
	P12
	Description
	Behavior

	850 
	650
	Full speed, P13 servo counterclockwise,

P12 servo clockwise.
	

	650 
	850
	
	

	850 
	850
	
	

	650 
	650
	
	

	750 
	850
	
	

	650 
	750
	
	

	750 
	750
	Both servos should stay still because of the centering adjustments made in Activity #4.
	

	760 
	740
	
	

	770 
	730
	
	

	850 
	700
	
	

	800 
	650
	
	


FOR…NEXT to Control Servo Run Time
Give an example of a For…Next loop that will make the servo turn for 4.6 seconds.

Example Program: ControlServoRunTimes.bs2

Enter, save, and run ControlServoRunTimes.bs2.

Verify that the P13 servo turns counterclockwise for about 2.3 seconds, followed

by the P12 servo turning for twice as long.
Give an example of the calculation to use if you want to run the servo for 5 seconds.

Example Program: BothServosThreeSeconds.bs2
Enter, save, and run BothServosThreeSeconds.bs2.

Verify that each servo turned one direction for three seconds, and then reversed

direction and turned for three more seconds. Did you notice that while the

servos reversed at the same moment, they were always turning in opposite

directions? Why would this be useful?
Your Turn – Predict Servo Run Time

Pick a time (six seconds or less), that you want your servos to turn.

Divide the number of seconds by 0.024.

Your answer is the number of loops you will need.

Modify BothServosThreeSeconds.bs2 so that it makes both servos run for the

amount of time you selected.

Compare your predicted run time to the actual run time.

Remember to disconnect power from your system (board and servos) when you

are done.
Your Turn Videos

 (OPTIONAL - ASK YOUR INSTRUCTOR) Take a video of your Boe-Bot performing the your turn activities, running the program you wrote. Point the camera to your face and say hello and your name and the chapter at the beginning of the video, so we know it is yours. Upload the video to youtube.com. 

 Include these sections: (hold up a title sheet or edit video to include a title in the video at the start of each section)

· Different Pause Durations 

· A Different Message 

· Blink the Other LED 

· Viewing the full Speed Servo Signal 

· Centering the Servo Connected to P13 

· Calculations with Negative Numbers 

· Different Start and End Values and Counting in Steps 

· P13Clockwise.bs2 

· Adjusting the Speed and Direction 

· Predict Servo Run Time 
(Paste the youtube video link here.  )
END of Chapter

Observations:    Fill in the answers after each question.
1) How do the Parallax Continuous Rotation servos differ from standard servos?

2) How long does a millisecond last? How do you abbreviate it?

3) What PBASIC commands can you use to make other PBASIC commands
execute over and over again?

4) What command causes the BASIC Stamp to internally connect one of its I/O
pins to Vdd? What command makes the same kind of connection, but to Vss?

5) What are the names of the different size variables that can be declared in a
PBASIC program? What size values can each size of variable store?

6) What is the key to controlling a Parallax Continuous Rotation servo’s speed and
direction? How does this relate to timing diagrams? How does it relate to
PBASIC commands? What the command and argument can you adjust to
control a continuous rotation servo’s speed and direction?

7) What are three hazards you may encounter while working with robots and what should you do to anticipate, mitigate and prevent, and respond to these hazards? 

a. Hazard 1: 

Anticipate:

Mitigate & Prevent:

Respond:

b. Hazard 2: 

Anticipate:

Mitigate & Prevent:

Respond:

c. Hazard 3: 

Anticipate:

Mitigate & Prevent:

Respond:

8) Describe the appropriate safety gear and clothing that should be used when working with robots.

9) Describe prevention measures and first aid for the types of injuries that could occur while participating in robotics activities and competitions, including cuts, eye injuries, and burns (chemical or heat). Use http://firstaid.webmd.com as a reliable source for first aid information.

Cuts:

Eye injuries:

Burns:

Programming Exercises
1. Write a PAUSE command that makes the BASIC Stamp do nothing for 10
seconds.

2. Modify this FOR…NEXT loop so that it counts from 6 to 24 in steps of 3. Also,
write the variable declaration you will need to make this program work.

FOR counter = 9 TO 21
DEBUG ? counter
PAUSE 500
NEXT
Project
1. Take a video of your Boe-Bot performing these actions, running the program you wrote. Point the camera to your face and say hello and your name at the beginning of the video, so we know it is yours. Upload the video to youtube.com. 
 Paste the youtube video link here.
2.  Write a program that causes an LED connected to P14 to light dimly (on/off with every pulse) while the P12 servo is turning. 

(Insert code here)

3. Write a program that takes the servos through three seconds of each of the four
different combinations of rotation. Hint: you will need four different FOR…NEXT  loops. First, both servos should rotate counterclockwise, then they should both rotate clockwise. Then, the P12 servo should rotate clockwise as the P13 servo rotates counterclockwise, and finally, the P12 servo should rotate counterclockwise while the P13 servo rotates clockwise.

(Insert code here)

4. Describe any difficulties you had completing these activities and what you did to overcome them. 
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