Exploring Robotics with Electronics: BOE Shield-Bot Activity Worksheet

Chapter 5:  Tactile Navigation with Whiskers
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Teacher:
By the time students complete this section they will be able to:

· Understand what sensors are and why they are used. 

· Mount the tactile switches, called whiskers, onto the robot and test them. 

· Understand how the robot knows when the whiskers have detected an obstacle. 

· Connect the sensor circuit to the appropriate I/O register. Understand what type of electrical connection is made with the sensor. 

· Understand how to check Inputs from sensors. Know what values to expect when the sensor detects an object and when it doesn’t. 

· Create a circuit and the programming so that LEDs light up when the whiskers detect an object. 

· Create a program to monitor the state of the switches, and decide what to do when the robot encounters an obstacle. 

· Operate the robot with autonomous navigation by touch using the whiskers. 

· Program the robot to detect corners, and decide what to do to get out of a corner. 
· Write nested conditional statements in program code.
Electronics

· Building normally open, momentary, single-pole, single-throw, tactile switch circuits

Programming

· Using the Arduino language’s pinMode and digitalRead functions to set a digital I/O pin to input and then monitor the pin’s input state

· Declaring and initializing global variables

· Nesting function calls

· Using if…else statements to direct program flow based on sensor input states

· Using three levels of nested if statements

Robotics Skills

· Autonomous robot navigation based on sensor inputs

· Using a simple example of artificial intelligence so the autonomously roaming BOE Shield-Bot can tell if it’s stuck in a corner, and exit

Engineering Skills

· Subsystem testing again—build that good habit!

· Using an indicator LED to visibly display the state of a system input

· Using an indicator LED to visibly display program flow
Assignments Checklist:

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

	
	
	1. View the videos. 

	
	
	2. Read and follow the instructions in the linked Chapter 5.  

	
	
	3. Review the Key Points or FAQs and any linked handouts. 

	
	
	4. Complete the activities assigned by your instructor.  Document your work in the Activities section below.  

	
	
	5. Answer the Questions at the end of the chapter below.

	
	
	6. Complete the Programming Exercises at the end of the chapter and fill in the section below.

	
	
	7. Complete the Projects at the end of the chapter and fill in the section below.

	
	
	8. Send this completed worksheet to your instructor. 

	
	
	TOTAL POINTS


Activities:  
 Describe what you accomplished and any issues you encountered while completing each of the activities and how you overcame them.
Activity 1: Build and Test the Whiskers

Activity 2: Field-Test the Whiskers

Activity 3: Navigation with Whiskers

Activity 4: Artificial Intelligence for Escaping Corners

Questions:    
Fill in the answers after each question.
1. What kind of electrical connection is a whisker?

2. When a whisker is pressed, 
a. What voltage occurs at the I/O pin monitoring it? 
b. What binary value will the digitalRead function return? 
c. If digital pin 8 is used to monitor the whisker circuit, what value does digitalRead return when a whisker is pressed, and what value does it return when a whisker is not pressed?

3. Interpret the code for whiskers:

a. If digitalRead(7)== 1, what does that mean? 
b. What does it mean if digitalRead(7)== 0?
c. How about digitalRead(5)== 1 and digitalRead(5)== 0?

4. What statements did this chapter use to call different navigation functions based on whisker states?

5. What is the purpose of having nested if statements?

Your Turn

Take a video of your Boe-Bot performing the your turn activities, running the programs 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. 

(Paste the youtube video link here.)  

Programming Exercises
1. Write a routine that uses a single variable named whiskers to track whisker contacts. It should store a 3 when no whiskers are contacted, a 2 if the right whisker is contacted, a 1 if the left whisker is contacted, or 0 if both whiskers are contacted. Hint: multiply the result by two.

2. Modify the loop function in RoamingWithWhiskers so that it makes the BOE Shield-Bot stop and not restart when both whiskers contact at the same time.

3. Add a function named pause to RoamingWithWhiskers. It should make the BOE Shield-Bot stay still for a certain amount of time.

4. Modify the loop function so that the BOE Shield-Bot stays still for 0.5 seconds before backing up and turning.

 (insert code here)
Projects
1. Modify RoamingWithWhiskers so that the BOE Shield-Bot stops and makes a 4 kHz beep that lasts 100 ms before executing its usual evasive maneuver. Make it beep twice if both whisker contacts are detected during the same sample. HINT: Use the pause function you developed in the Exercises section to make it pause immediately after the tone starts playing. Also, a 0.2 second pause after the tone call separates the 0.1 second tone from servo motion, or allows you to hear a second tone.

2. Modify RoamingWithWhiskers so that the BOE Shield-Bot roams in a 1 yard (or 1 meter) diameter circle. When you touch one whisker, it will cause the BOE Shield-Bot to travel in a tighter circle (smaller diameter). When you touch the other whisker, it will cause the BOE Shield-Bot to navigate in a wider diameter circle.

(insert code here)
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