
CS190                                                             09/15/09
Robotics      Lab B: Variables and Flow
                

Introduction

 The goal of this lab is to continue your introduction to the NXT hardware and NXT-G 
programming language.  In particular, this lab will demonstrate the use of loops and switch blocks.  
This lab is longer and more involved than the previous one, so make sure you allow yourself plenty 
of time.  Read over the entire lab and make sure you understand it before beginning.

 This lab is due by 11:59pm on Tuesday 9/22 .  You work is strictly governed by the Math/
CS SPCA (http://www.mathcs.emory.edu/SPCA/).  In particular your work must be exclusively your 
own and you may not collaborate with any other group or consult any resource other than those 
indicated below.  Violations of this policy will be referred to the Emory Honor Council.

 In order to receive full credit for this lab, you must answer each numbered question below 
and turn in each programming task.  You will turn in your programs by placing them in a folder 
called “labB” which resides in the “L:” drive on the designated group member’s account.  It is 
preferred that you electronically turn in your answers to the lab questions in a filed called “answers”; 
acceptable formats include plain text (“answers.txt”), rich text (“answers.rtf”), and Microsoft Word 
(“answers.doc”).  Please let me know if there is some other format you prefer.

LEGO¨ MINDSTORMS¨ NXT Lab B (by National Instruments)
This lab introduces the sound sensor and the use of variables to solve an engineering problem that 
is described by a flow chart.  Flow charts are used to illustrate the overall architecture of a program.  
They are commonly used in engineering projects to determine how inputs and outputs are handled, 
where decisions need to be made, and how data should flow between functions.  Using flow charts 
can save a significant amount of development time since it is much easier to change flow chart than 
it is to change code.  This lab grants the opportunity to translate a flow diagram into a program that 
will control the Tribot’s movement using only sound.

Lab Summary 
A. Use the Lego Mindstorms NXT software to understand how the sound sensor works
B. Create a program that will count the number of sounds that the Tribot hears
C. Challenge: Control the Tribot using the sound sensor as prescribed by a flowchart

Part A:  Understanding the Sound Sensor 
(Skip to step 11 if you are already familiar with connecting to the Tribot)

1. Open the Mindstorms NXT software on your computer
2. Switch to your saved profile
3. Go to File >> New  to create a new project
4. Press the orange, square Enter  button on the Mindstorms NXT Tribot to turn the robot on
5. Using a USB Cable, connect the Tribot to a USB port on your computer
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6. Detect the Robot by clicking on the NXT Window  button on the lower right corner of the 
screen as shown here:

7. A connection dialog window will open.  Click on the Scan  button to detect the robot that is 
connected to the PC.  The name of your robot should appear in the list on the left side of 
the dialog box.  

8. Click on your robot, and then click Connect.  Detailed information about your robot 
including battery life, free storage space on the NXT block, and the version of the firmware 
installed should appear on the right side.  This indicates that the software is now connected 
to the Tribot.

9. Click on the Memory  tab at the top of this dialog window.  This display describes what 
programs are currently loaded onto the NXT block.

10. Close the dialog box, and navigate to the Complete palette found at the bottom of the 
palette bar on the left side of the NXT interface shown in the following image:

11. Place a Sound Sensor  block found in the Sensor palette onto the sequence beam
12. Click on the Sound Sensor block.  The following configuration section should appear at the 

bottom of the NXT software interface:
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13. Snap your fingers multiple times in close proximity to the sound sensor, and observe the 
results in the Sound Sensor indicator as shown highlighted in the above diagram.  

14. Write a simple program that will move the Tribot forward at a power level equal to the 
sound intensity that it hears.  (Hint:  Use two Motor  blocks instead of a Move  block for 
better wheel performance.)

Questions:
a) What does this sensor specifically measure?

b) What was the average reading of the sensor after snapping your fingers multiple times?

c) How far away do your fingers need to be to pick up a reading that is greater than 30%?

d) Why does the sensor sometimes fail to detect a snap of your fingers?

e) Why do you think the sound sensor is placed on the very top of the Tribot?

15. Prop the Tribot so that its wheels are not touching the ground.  Build a simple program that 
rotates both wheels at full power on the Tribot for 10 seconds.  Monitor the sound sensor 
while the wheels rotate (a Sound Sensor  block is still needed to do this.) 
f) Does the sound sensor pick up any extra noise while the motors are running?
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g) Simulate floor friction by gently touching the bottoms of the wheels as they rotate.  Only 
apply enough resistance to the wheels as if it were running on the floor.  Notice how 
much louder the motors become, and the change in the readings on the sound sensor.  
What would be a good sound threshold value to use to distinguish between the noise 
from the motors and the sounds that need to be detected?

h) Any ideas on how to improve this audio detection system?

Part B:  Counting Sound Events
The sound sensor has not only the ability to measure volume levels, but it can also be used as a 
switch.  In many cases, a simple Switch  structure can be configured to toggle between a true case 
and a false case if the volume level  of a detected sound falls above or below a given level or 
threshold.  However, sometimes it is necessary to have multiple cases that the same sensor must 
be able to toggle through.  This is an example where a variable can be used to store the number of 
times that the sound sensor has detected audio within a certain time period.  LEGO Mindstorms 
NXT has a Variable  block found in the Data palette that can be used for this purpose.
To demonstrate this concept, consider the following flow chart:

The blue rectangle nodes in the flow chart indicate functions or processes.  The orange diamonds 
are questions or switches.  The arrows represent the result of a calculation or an answer to a 
question.  Usually the values of the results are also written adjacent to the arrows.  Notice that there 
are also Start and Stop nodes.  It is important to have these nodes to show what steps will be 
executed first, and what steps can lead to the termination of the program.
Let’s translate the flow chart into code by following these steps:

1) Create a new NXT program, and save it as “partB.rbtÓ

2) A variable called “i” needs to be defined.  Go to Edit >> Define Variables to open the Edit 
Variables dialog box.  Create a new number type variable called i and close the dialog.
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3) Place a Variable  block found in the Data palette onto the sequence beam.  Select the “i” 
variable from the list, and configure the Variable block to write a value of 0 to this variable.  
This ensures that no garbage data is present in the variable before it is used in the 
program.  It is highly recommended to do this whenever defining variables in programs to 
ensure expected behavior.

4) Place a Loop  structure after the Variable block.  Configure the loop to stop when the NXT 
Enter button has been pressed.

5) Place a Switch  structure found in the Flow palette inside the loop.  Configure the Switch as 
shown:

The highlighted section of the above diagram shows where to apply the threshold that you 
calculated from question g) from part A of this lab.  The switch will  run the code that is in the 
true case if the detected sound is greater than this threshold.  Essentially, it is asking the 
question: “is there a sound being detected?”  For this program, only the sound detected 
case of the Switch block will be used.  

6) Insert another Variable  block inside the true case of the Switch structure.  Configure this 
Variable block to read the value of “i.”

7) Notice in the flow chart that “i” is being incremented when a sound is detected.  Use a Math  
block found in the Data palette to increment the value stored in “i”.  Tie the Value output  of 
the Variable block to the A input  of the Math block.  This will cause the Variable block to 
pass the value of “I” when it is read to the Math block so that it can be incremented.  In the 
configuration window of the Math block, configure B to be equal to 1 so that “i” is only 
incremented by 1.  The end result of this configuration should look like the following:

8) To store the result of this calculation, place another Variable  block after the Math block.  
9) Configure the Variable block to write to the “I” variable.
10) Connect the Value output  of the Math block to the Value input  of the Variable block that 

was placed in step 8.  
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The next step in the flow diagram calls for the new number to be shown on the front display of the 
NXT block.  In order to pass this number to the display, it must first be converted from a number to 
text.  This is because the display on the NXT block can only accept text for display.

11) To convert “i” to text, place a Number to Text  block found in the Advanced palette after the 
most recently placed Variable block.  Connect the Value output  of the adjacent Variable 
block to the Value input  of the Number to Text block.

12) Place a Display  block found in the Action palette after the Number to Text block, and 
configure it as shown:

13) To see the inputs and outputs that are available for the Display block, move your cursor to 
the lower left edge of the Display block until the cursor changes to point up and down.  
Click on the lower left edge of the Display block.  A cabinet of inputs and outputs should 
open below it.  

14) Connect the Text output  of the Number to Text block to the Text input  of the Display block.  
This will cause the value of “i” to be displayed on the NXT block display instead of 
“Mindstorms NXT.”

15) Place a Sound  block found in the Action palette at the very beginning of the true case of 
the switch.  Configure the Sound block as shown:

This block is intended to play a sound when the true case of the Switch is triggered.  This is 
an extremely helpful debugging technique because it will notify the listener when a sound 
has been detected without having to look at sensor reading on the screen.  This is yet 
another extremely helpful debugging technique for writing programs.  Adding flags like this 
helps illustrate what is currently executing in the program.  Use flags to help debug 
programs (i.e. the challenge for this lab.)

The finished program should look similar to the following:
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Note:  The connector cabinet for the Display block can be closed once all connections have been 
made to conserve space.  The connections stay intact while the cabinet is closed.
Save your code, and download it to the NXT.  Run the program, and watch the display while you 
snap your fingers in proximity to the sound sensor.
Questions

a) Does the program keep an accurate count of the number of times you snap your fingers?

b) What happens when you whistle?

c) Why do you think this is happening?

There are a couple of things that can be done to correct this problem.  One is to make sure that 
the sound level threshold that is set for the Sound sensor Switch condition is high enough to 
filter out any ambient noise from the environment and the motors, but low enough to detect a 
noise at a reasonable distance (4 – 12 inches away.)  Finding the right threshold is unique to all 
of the robots, and is usually found through testing.  Be sure that the threshold as shown in the 
following diagram is fine tuned for your Tribot.
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Another way to improve counting performance is to stop reading the sound sensor once the 
sound has been detected until  the sound volume falls back below the threshold.  This prevents 
the code from registering a long, loud sound (like a whistle) as a bunch of sounds.
To fix this problem, place a Wait block found in the Flow palette right after Display block.  
Configure this block to wait until the sound level  detected by the sound sensor falls below the 
same threshold that is described in the Sound sensor Switch condition.  This would cause the 
Switch condition to execute the true case when the detected sound is above a certain level, 
and stay in the True case until the detected sound falls below this same threshold.
A correct implementation of this code will  have the Tribot registering a long, loud whistle as a 
single sound.  Be sure that this works before proceeding since this concept is required for the 
challenge.

Part C:  (Challenge) Control the Tribot Using Sound Commands
The objective of this challenge is to control the Tribot using only its sound sensor.  In addition, the 
Tribot should automatically avoid any objects that are detected by its ultrasonic sensor.  Using your 
knowledge of the sound sensor, ultrasonic sensor, variables, object avoidance from the previous 
lab, and flowcharts, complete this challenge by meeting the following requirements:

1) The Tribot must demonstrate all of the items shown in the flow chart in the correct 
sequence.

2) The robot must move forward continuously until it processes a command to either turn left, 
right, or stop.

3) The Tribot must keep an accurate count of detected sounds (finger snaps) within a two 
second interval before the count is processed into a command

4) If the Tribot detects an object with the ultrasonic sensor it must avoid it.  
5) The Tribot must interpret one sound as a left turn, two sounds as a right turn, and three or 

more sounds as a stop command within a given sampling interval of 2 seconds.  Otherwise, 
the Tribot should move in the forward direction.

6) Store your program in a file called partC.rbt.
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Here is the flowchart for the program:

Helpful hints:

• Insert a sound “flag” right at the beginning of the true case of the Sound Sensor switch to 
be sure that a sound has been detected.  Correctly using this block will  have the Tribot 
make a noise when it hears and counts a sound.  This will  help with sound recognition 
debugging.

• Use a Variable  block to store “i”.

• Use a timed loop to keep track of “t.”  This variable will  be automatically handled in the loop 
structure if configured properly.

• Two loops are involved in this program.  One is nested inside of the other.
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• A multi-condition switch is needed to process either a left, right, or stop.  You can add more 
conditions to a switch structure by typing them in the bar as illustrated below:

• The Stop  block found in the Data palette will stop the program when needed.

• A small timed delay of 0.2 seconds is needed at the very end of all the code inside the main 
loop as shown in the flow chart.  This is to ensure that the NXT  software has enough time 
to finish a turn before it attempts to listen for sound again.  Use a Wait block with the 
Control  parameter set to Time, and the delay set to 0.2.

• A Move  block set to an Unlimited  duration will ensure smooth operation in the forward 
direction where appropriate.

• No action is necessary if no object is detected by the ultrasonic sensor.

• Setting motors to Coast  instead of Brake  as the Next Action  can deliver smoother results.

Good luck!
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