ARX ASURO  Activity Worksheet – 10 Collision Detection

School:  

Course:
 

Instructor:

Student Name:





Date:

 Week:


Block: 


Team:

Section: 2 Bread Board Prototypes
Lesson: 010 Collision Detection Circuit
Driving Question:

What happens when the ARX ASURO robot runs into something?  Does it know?

Assessment:

	Points

Earned
	Total Points
	ASSESSMENT METHOD

	ASSIGNMENTS:

	
	
	Vocabulary

	
	
	Worksheet Assignments/Labs

	
	
	Course Research

	
	
	Engineering Journal Entries

	
	
	Calculations

	QUIZ/EXAM:

	
	
	Materials Covered Quiz /Exam

	
	
	Performance Objectives or Standards Quiz/Exam

	
	
	Student Generated Quiz

	PROJECT:

	
	
	Project Design – Engineering Notebook  or Journal

	
	
	Project Troubleshooting 

	
	
	Program Code

	
	
	Competition


Lesson Materials:

Activity #10: Collision Detection Circuit 

Background:

In this activity we build the collision detection circuit. This circuit uses switches to detect when the robot has bumped into an object. 

What is Collision Detection? How does it apply to our robot?

Unless we are building combat robots, we usually want our robot to avoid crashing into objects, mainly because either the robot or the object can be damaged.  There are many different devices used on robots to sense when an object is near, so it can be avoided.  Some of these include tactile or touch sensors, radar sensors, and temperature sensors. 

Our robot uses a series of six switches which are categorized as tactile, because they must touch something before a signal is generated.  They are strategically located on the front and sides of the robot so that it can turn to the right or left and still sense when an object is in front of it. 
Concepts:

1. Engineers and technicians use technology to solve problems, improve investigations and communicate. 
2. Understandings about science and technology.  Robots and automated machines are technological inventions based on science and research.
3. Science as a human endeavor.  The application of robots:  to help humans solve problems or perform jobs and functions that are dangerous, dirty, or not desired by humans, or require accuracy and speed that most humans cannot sustain.
Performance Objectives:

It is expected that students will:

Electronics Skills
1. Describe how switches operate

2. Describe how an interrupt input to a microcontroller works

3. Describe and demonstrate knowledge of voltage dividers

4. Describe and demonstrate knowledge of capacitors

5. Calculate the voltage drop across a resistor in a series circuit

6. Describe the difference between a series and parallel circuit

7. Describe the function of an analog to digital converter

8. Demonstrate knowledge and use of DC circuits

9. Describe and demonstrate knowledge of energy flow in a circuit

10. Demonstrate knowledge of Ohms Law

 

Math Skills
1. Use functions to solve practical problems

2. Simplify numerical expressions

3. Solve single variable algebraic expressions

4. Solve multiple variable algebraic expressions

5. Make comparisons, predictions, and inferences using graphs and charts

6. Organize and describe data using matrixes

7. Graph linear equations

 

Science Skills
1. Use knowledge of the particle theory of matter

2. Use knowledge of potential and kinetic energy

3. Use knowledge of heat and light energy

4. Use knowledge of principles of electricity and magnetism

5. Use knowledge of static electricity, current electricity, and circuits

6. Use knowledge of Law of Conservation of Matter and Energy 

 

Activity Instructions:

Complete these steps.   Estimated Time to complete: 60 minutes
1. Open Activity 10 worksheet and review:

2. Read Chapter 10 Collision Detection in book

3. View and print the Collision Detection Circuit Diagram

4. Review the other resources linked below.

5. View activity video: Collision Detection Circuit Prototype

6. Complete activities in the worksheet

7. Complete Assessments
Activity Instructions for Building the Prototype: 

1. Locate the parts needed.  Print out the circuit diagram and place the components on it.  
2. Follow along with the video and the instructions below to build the circuit.

Parts Needed:

From other kits:

· Breadboard
· Several small black wires (from prior activities)
· Alligator clips – red and black
· Push Switches for breadboard – K1,K2,K3, K4, K5, K6
From ARX ASURO Kit:

· Battery holder with batteries
· Resistors – R23, R24, R25, R26, R32, R27, R28, R29, R30
· Capacitors – C7 (4.7 nF)
Tools:

· Digital Multi-meter
· Small pliers
	Switch
	 Resistor
	Ohms

	K1
	R25
	 2K 

	K2
	R32 & R26
	2K (each)

	K3
	R27
	8K

	K4
	R28
	16K

	K5
	R29
	33K

	K6
	R30
	68K


Circuit Diagram:
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Completed Circuit:
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Sample Completed Circuit
Circuit Building Steps:

· We begin our prototype with a power supply connection. We will use a 1 Meg ohm resistor (R23) to connect the collision detection circuit to the positive side of the power supply.  We insert a small red wire to connect from one end of the resistor to the Red rail on the bread board.

Connecting the Capacitor 

· Next from the opposite side of the 1 Meg ohm resistor, we will connect a 4.7 nano farad capacitor (C7).  The positive side of the capacitor is inserted in the same row as the resistor. The negative side of the capacitor bridges over the gap in the breadboard and is connected to ground or the black rail with a small black wire.

Connecting the 1K resistor.

· Connect the 1K ohm resistor (R24) at the opposite end of the breadboard.

· This resistor will connect to the power supply when we power the switches, so we can leave one end open.  We also insert a black wire in the black rail for connection to the meter. 

Installing resistor for Switch K1

· Start on a new row and insert one 2K ohm resistor (R25)  with one leg connected to the red rail or positive power on the bread board and the other leg straddling over the divide to the adjacent row.

Installing Switch K1 

· One leg of switch K1 is connected in series with the one 2K ohm resistor. The other leg is connected to ground or the black rail of the bread board. 

Installing resistor for Switch K2

· Install two 2K ohm resistors (R26 first, then R32) in series. Start in a new row with one leg in the red rail, and the other leg of the resistor in the same row. The second resistor starts beside the first and straddles over the divide with the second leg in the adjacent row. 

Installing Switch K2 

· One leg of switch K2 is connected next to the 2K ohm resistor and the second wire from switch K2 is connected to ground or the black rail of the bread board.

Installing resistor for Switch K3

· In a new row, we install an 8.2K ohm resistor (R27) with one leg connected to the red rail and the other leg straddling over the divide to the adjacent row.

Installing Switch K3 

· One leg of switch K3 is connected in series with the 8.2K ohm resistor. The other leg is connected to ground.

Installing resistor for Switch K4

· Next in a new row, we install a 16K ohm resistor (R28) with one leg connected to the red rail and the other leg straddling over the divide to the adjacent row.

Installing Switch K4 

· One leg of switch K4 is connected in series with the 16K ohm resistor. The other leg is connected to ground.

Installing resistor for Switch K5

· Next in a new row, we install a 33K ohm resistor (R29) with one leg connected to the red rail and the other leg straddling over the divide to the adjacent row.

Installing Switch K5

· One leg of switch K5 is connected in series with the 33K ohm resistor. The other leg is connected to ground.

Installing resistor for  Switch K6

· Next in a new row, we install a 68K ohm resistor (R30) with one leg connected to the red rail and the other leg straddling over the divide to the adjacent row.

Installing Switch K6

· One leg of switch K6 is connected in series with the 64K ohm resistor. The other leg is connected to ground.

We now have the wiring of the prototype for the collision detection circuit. Each switch is on a separate branch of the circuit.  Next we will test the circuit with a digital multi-meter and see how it reacts.

Steps to Measuring Voltage:

To test the functioning of our circuit, we will take voltage readings using a digital multimeter.

1. First we connect the power supply to the breadboard. We connect the black wire from the power supply to the black rail of the breadboard. We connect an alligator clip to the positive red wire of the power supply and connect the other end of the alligator clip to the end of the 1K ohm resistor that is connected to the red rail of the breadboard.  

2. We place charged batteries in the power supply, and now our circuit now has current flowing thru it.

3. Next we connect the Digital Meter to the breadboard. We set the meter to the 20 Volt DC Scale.  

4. We connect an alligator clip from the red probe to the red wire at the end of the first row of circuits.  

5. Next we connect the black probe of the multimeter to the black wire that we placed at the end of the black rail (or we can plug it into the black rail).  

6. We turn on the meter. We record the voltage value displayed on the meter before pressing any switches as our Input Voltage.

7. Then we press the first switch and record the value displayed in the voltage table.

8. Next we press the second switch and record the value.

9. Next we press the third switch and record the value.

10. And so forth until we have the values recorded for all six switches.

11. Now we press the first switch with the second one and record the value.

12. Next we press the first switch with the third one and record the value.

13. Next we press the first switch with the fourth one and record the value.

14. And so forth until we have the values recorded for all five switches combined with the first switch.

15. We continue this with the second switch combined with all five switches, and then the third switch combined with all five switches, and so forth testing each switch combination and filling in the empty slots in the table.  When done, the table should have all values filled in.

Questions:
1. Create a list of new vocabulary words and their definitions.  Include these words:
a. Switch

b. Series Circuit

c. Parallel Circuit

d. Series-Parallel Circuit

e. Interrupt 
f. Voltage Divider

2. Record Measurements taken during the activity here. 

a. Initial Voltage Value of Batteries: Vin= 

b. Voltage Chart

	Switch
	Switch 1
	Switch 2
	 Switch 3
	Switch 4
	 Switch 5
	Switch 6

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


3. Using the calculator for parallel resistors at the link http://www.1728.org/resistrs.htm, try various combinations of switch closures for our collision detection circuit to see how the total resistance changes.  First try the problem with a 2K resistor in series with the 1M resistor. Next, try several combinations of switch closures and calculate the corresponding resistance.  Pay attention to decimal points.

a. RESISTANCE Chart  (in series with 1M Ohm resistor) 
	Switch
	Switch 1
	Switch 2
	 Switch 3
	Switch 4
	 Switch 5
	Switch 6

	Resistors
	2K
	4K
	8K
	16K
	33K
	68K

	1 2K
	
	
	
	
	
	

	2 4K
	
	
	
	
	
	

	3 8K
	
	
	
	
	
	

	4 16K
	
	
	
	
	
	

	5 33K
	
	
	
	
	
	

	6 68K
	
	
	
	
	
	


4. Describe how switches operate

5. Describe how an interrupt input to a microcontroller works

6. Describe the difference between a series and parallel circuit.

7.  Suppose you have a circuit with the following resistors in series. What is the total resistance?   2K Ω, 8K Ω, and 16K Ω.  Show the formula used and the math.

8. Suppose you have a circuit with the following resistors in parallel. What is the total resistance?
2K Ω, 32K Ω, 4K Ω Show the formula used and the math.

9. Suppose you have the following series-parallel circuit. What is the total resistance?  Show the formula and the math.

R1 = 2K, R2 = 8K, R3 = 1K
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10. Using Ohms Law, if you have a circuit with 5 Volts and a total Resistance of 16K Ω, what is the amount of current?   Show the formula and your math.
11. What is “a voltage drop across resistors”?  How is Ohms law used to calculate it?

12. What is a voltage divider and why is it used?
13. What is the function of an A/D converter?  How is it used with this circuit?

14. How did this activity go for you?  What challenges did you overcome and how? 
a. What new skills or knowledge did you acquire? 
b. Reflect on this activity and write a conclusion.

Project Activities:

1. Continue your project design notebook for the ARX ASURO robot.   Create a section for the Collision Detection Circuit.  Insert the circuit diagram.  Describe the circuit and list the parts used.

2. Take a picture of the completed activity and insert it into your notebook.

Physics Activities:
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