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Welcome to the Pi Tau Sigma’s LEGO MINDSTORMS Outreach Program in association with 
National Instruments.  As a participant to this special opportunity, you have gained access to a 
unique learning experience into the world of the new LEGO MINDSTORMS NXT robot.  
Through the course, you will learn the fundamental engineering skills by using your robot to 
solve different problems.  You will learn fundamental computer programming skills using the 
NXT software that is derived from LabVIEW.  The course packet is designed for you to learn the 
step by step process of solving various problems with hands-on tools and computer programming.  
Each task outlined in the course will enable to pursue and succeed in even greater, more complex 
engineering challenges in the near future.  So be creative and enjoy!          
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NXT Overview 
 

The NXT is the programmable robot with all of the included sensors below. 
 
 
 

 
 

           
 

Counter-clockwise from left: 
�  touch sensor 
�  sound sensor 
�  light sensor 
�  ultrasonic proximity sensor 
�  motor 
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The NXT Brain 
 
 The NXT is the brain of a MINDSTORMS® robot. It’s an intelligent, computer-
controlled LEGO® brick that lets a MINDSTORMS robot come alive and perform different 
operations. 
 
 
 
 

 

 
 

Loudspeaker 
Make a program with real 
sounds and listen to them 
when you run the program 

NXT Buttons 
Orange button :     On/Enter /Run 
Light grey arrows: Used for moving left and right 
                               in the NXT menu 
Dark grey button:  Clear/Go back 

Motor ports 
The NXT has three output ports for 
attaching motors - Ports A, B and C 

Sensor ports 
The NXT has four input ports for 
attaching sensors - Ports 1, 2, 3 and 4 

USB port 
Connect a USB cable to the USB port 
and download programs from your 
computer to the NXT (or upload data 
from the robot to your computer) 

Display 
Look here to navigate through menus 
to control the NXT or to see the NXT 
display different emotion faces. 
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Your NXT Robot 
 
 
 

 
 

 
 
This is the pre-assembled robot that you will be learning with.  Your robot is equipped with 
motorized wheels that it sits on, a light sensor at its base, a sound sensor on its right arm, a 
motorized arm on its left, an ultrasonic proximity sensor at its head, and a touch sensor in the 
rear.  You can think of all these sensors and motors as your robots eyes, ears, hands, and feet!  
With some creative thinking, you can find ways to use all of them together to tell your NXT how 
to do lots of cool things.  Get ready to start your adventure into the world of robotics! 
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CHALLENGE 1: TURNING THE MOTOR ON TO MOVE 
 
1. Open the NXT software.  Underneath where it says “Start New Program,” and type in 
“Challenge-1-Motor”, then click “Go.”  You will see the screen below. 
 

 
 

      
 
2. Find the motor icon along the left sidebar, it has a picture of two gears on it.  Click and drag it 
onto the screen, then drop it just to the right of the white T.  This white T is the sequence beam 
of your program, and it will get longer as you add more commands to your programs.  You 
should see a motor block appear along this timeline. 
 
3. Below, there are many settings for the motor block.  Set the Duration for 4 seconds. 
 
4. Turn on the NXT by pressing the orange ON-OFF button.  Attach the USB cable connector to 
the NXT and insert the other end into the computer’s USB port. 
 
5. Find the grey L-shaped button with a white arrow pointing downward (it is part of a grey 
square near the bottom of the screen).  This is the download button, which uploads the program 
into the NXT’s brain.  A box will appear confirming the download progress. 
 
6. Remove the USB cable from the NXT.  To access and run your program, use the grey arrows 
and square orange button to navigate to the “My Files” > “Software files” folder.  Find the 
program called “Challenge-1-Motor” and press the square orange button twice to run it.  The 
robot should move forward for 4 seconds.  If the motor is not running, then make sure the 
connections are correct (wires leading from the two wheel motors should be at ports B and C). 
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5. Now modify the program so the moves backwards for 2 seconds.   
 
6. Click the motor icon and look at the settings below.  Find the “Direction” setting, and select 
the orange arrow pointing downward.  Change the duration to 2 seconds. 
 

 
 
7. Download the program onto the NXT by pressing the downward pointing white arrow icon. 
 
Congratulations!  You have completed the first challenge.  Now test yourself with Skill Test 1. 
 
SKILL TEST 1: Stopping the motor on time 
 
1. Use the car you built for Challenge 1 and program it to go forward for 1 second. 
 
2. Place a measuring tape or ruler on the ground and see how far the car moves in 1 second.  
Repeat at least 3 times to find the average distance. 
 
3. Place an object exactly the average distance away from the car and see if the car stops or 
knocks over the object. 
 
4. Repeat the process for 2, 4, and 6 seconds and calculate the average distance for each case. 
 
Question: Do all the cars travel the same distance in the given time? 
 
 
 
EXTRA SKILL TEST:   
 
Try to write a program so that the car travels exactly 20 centimeters.  Experiment with your robot 
by trying different duration modes.  Use “rotations” instead of “seconds,” or try “degrees.”  What 
happens? 
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CHALLENGE 2: TOUCH SENSOR, AND POWER LEVELS 
 
1. Open the NXT software.  Underneath where it says “Start New Program,” and type in 
“Challenge-2-TouchPower”, then click “Go.” 
 
2. Now, try to set up your program like the screen below.   
 

 
 
3. You will need to use motor blocks again.  Set your first block to run the motor backwards, and 
set the “Duration” to “unlimited”.  Change the “Power” setting by dragging the slider all the way 
to the right for 100% full power! 
 

 
 
4. For your second command, you will need to use a new block, the wait block.  These blocks 
tell the robot to wait until something happens before following your next command.  The wait 
block is accessed by the hourglass icon on the left sidebar.  Hover your mouse over the hourglass 
icon.  Find the button with a picture of a finger pushing a button on it.  Select and drag it onto the 
screen next to your first motor block. 
 

 
 

5. Use another motor block for your last command.  Change the “Direction” setting to the orange 
circle with a white line through it.  This will tell your robot to brake, and stop moving. 
 

 
 
6. Download the program. 
 
7. Place your robot in front of a wall, facing away from the wall.   
 
8. Run the program.  Your robot should backup into the wall, and stop once its touch sensor has 
been “bumped” by the wall.  It seems like the wall tells the robot that it can’t go anywhere, so it 
stops turning its wheels! 
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SKILL TEST 2: Playing with different settings 
 
1. Try making different combinations of power levels for the motor running the wheels.  Try 
levels of 10, 25, 50, 75, and 100.  Which is slowest, and which is fastest?  See how fast the robot 
backs up into the wall depending on what level you set the motor at. 
 
2. Try the other “Action” settings on the wait block for the touch sensor.  The “Released” setting 
stops the vehicle once the touch sensor is released.  The “Bumped” setting stops the vehicle once 
the touch sensor has been pressed in, and then is released. 
 

 
 

EXTRA SKILL TEST:  
 
Now that you know how the touch sensor works, can you build and program and car that will 
change directions and try moving a different way once it collides into an object?  How can you 
tell the robot to move more slowly once it changes direction? 
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CHALLENGE 3: LIGHT SENSOR AND LOOPS  
 
1. Open the NXT software.  Underneath where it says “Start New Program,” and type in 
“Challenge-3-LightLoops”, then click “Go.”  Try to set up your program like the screen below.   
 

 
 
2. This program uses motor blocks and wait blocks again.  Make your first command a motor 
block with the “Direction” set to forward, and the “Duration” set to unlimited. 
 
3. Use a wait block for your second command.  This time, hover your mouse over the hourglass 
icon and find the button with a picture of a white sun on it.  Select and drag it onto the screen 
next to your first motor block. 
 

 
 
4. Change the settings of the wait block to match the picture below by selecting the “<” (less 
than sign).  This tells the robot to wait until it sees an object darker than a light level of 50 before 
following your next command. 
 

 
 

5. Make your third command a motor block with the “Direction” set to backward, and the 
“Duration” set to unlimited. 
 
6. Use another wait block for your fourth command.  Again, select the light sensor button from 
the hourglass icon.  Make sure the settings of the wait block match the picture below by selecting 
the “>” (greater than sign).  This tells the robot to wait until it sees an object brighter than a light 
level of 50 before following your next command. 
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7.  Find the loop icon on the left sidebar.  Select and drag it to the screen, dropping it to the left 
of your first command, the first motor block.  This is a loop, which tells the robot to repeat a 
series of commands again, so you don’t have to drag the same blocks into your program more 
than necessary.  Drag your motor blocks and wait blocks inside the loop, one at a time, in the 
same order that they were.  Now your program should match the first picture in this challenge. 
 

 
 
8. Download the program onto the NXT. 
 
9. While holding the car in your hand, point the light sensor to at a light surface at a distance of 
about 5mm and press RUN.  Then move the car around the room pointing the sensor at different 
surfaces.  As soon as the sensor reads a surface with a light level below 50, the wheels will start 
spinning backwards, in the opposite direction.  Then, once the sensor reads a surface with a light 
level above 50, the wheels will start spinning forwards again. 
 
10. Try this over and over, to see how the loop you programmed works.  The program will run 
until you press the grey rectangle button to abort (stop) the program.   
 
*Note: Make sure the ports in the program match the wiring on the NXT. 
 
 
SKILL TEST 3: Responding to light 
  
1. Write a program so the car moves forward but goes backward when it reaches a darker surface 
until it is stopped with a touch sensor.   
 

 
 
2. Try to make the car do the opposite by making it go backwards when it reaches a lighter 
surface. 
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CHALLENGE 4: THE ULTRASONIC AND SOUND SENSORS 
 
1. Open the NXT software.  Underneath where it says “Start New Program,” and type in 
“Challenge-4-Ultrasonic”, then click “Go.”  Try to set up your program like the screen below.   
 

 
 
2. This program uses motor blocks and wait blocks again.  Make your first command a motor 
block with the “Direction” set to forward, and the “Duration” set to unlimited. 
 
3. Use a wait block for your second command.  This time, hover your mouse over the hourglass 
icon and find the button with a picture of an antenna dish on it.  Select and drag it onto the screen 
next to your first motor block. 
 

 
 
4. Change the settings of the wait block to match the picture below by selecting the “<” (less 
than sign).  This tells the robot to wait until it sees an object closer than a distance of 12 inches 
before following your next command. 
 

 
 

5. Make your third command a motor block with the “Direction” set to backward, and the 
“Duration” set to unlimited. 
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6. Use another wait block for your fourth command.  This time, hover your mouse over the 
hourglass icon and find the button with a picture of a microphone on it.  Make sure the settings 
of the wait block match the picture below by selecting the “>” (greater than sign).  This tells the 
robot to wait until it hears an object louder than a sound level of 83 before following your next 
command. 
 

 
 
7. Place a loop around your whole program. 
 
8. Download the program onto the NXT. 
 
9. Place your robot facing towards a wall, about 5 feet away.  Run the program.  As your robot is 
moving forward, it should reverse direction before running into the wall.  Make a loud noise (yell 
at your robot, clap your hands, or stomp your feet, etc.) to make the robot move towards the wall 
again.  The program will run until you press the grey rectangle button to abort (stop) the program.   
 
*Note: Make sure the ports in the program match the wiring on the NXT. 
 
 
SKILL TEST 4: Backing away from a wall 
  
1. Place your robot up close facing a wall.  Write a program so the robot backs away from the 
wall until it is 3 feet away, and then moves forward again, looping between these two 
movements 3 times. 
 
 
 
 
 
 
 
 
 
 
 
CONGRATULATIONS!  You have completed the pilot program in MINDSTORMS.  By now 
you should have acquired a good understanding of: 
 

1) Turning motors on and off 
2) Touch, light, ultrasonic, and sound sensors 
3) Loops 

 
You are now ready to start creating more interesting programs to solve bigger problems! 


