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John Quarles  

Engineering Mentor 
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What Is LabVIEW? 

ÅA graphical programming environment used to develop sophisticated 
measurement, test, robotics and control systems 

Rich user interface 
(front panel) 

Graphical drag-and-drop code  
(block diagram) 

Powerful built-in analysis 
libraries and tools 

ÅLaboratory Virtual Instrumentation Engineering Workbench  

ÅCreated by National Instruments in 1986 

Å Used at CERN, SPACEX,  Qualcomm, ITT Tech, MIT & many more 

Å15,000+ Certified Developers World Wide 
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LabVIEW Usage in Universities 

110 
7000+ 
Countries 

Universities 

http://www.mit.edu/site/aboutsite.html
http://upload.wikimedia.org/wikipedia/en/2/28/RoseSeal.png
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Companies that use LabVIEW 

http://www.intel.com/index.htm?iid=homepage+hdr_logo
http://www.xilinx.com/
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The LabVIEW Continuum 

   WeDo 

Grade 7-12 

Grade 4-8 

K-3 

Universities 

Career 

NXT-G, EV3     LVLM           LabVIEW    

   
Grade 9-12 
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Desktop software that turns any LEGO® MINDSTORMS® NXT kit 
into a full-feature science and engineering learning station. 

LabVIEW for LEGO® MINDSTORMS® 2012 
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FTC Software Overview 

Downloads available at ni.com/ftc. 

Download Only 

Field Control System (FCS) tools 
TeleOp Code Generation 
Autonomous Templates 

Samantha Module Support 
MATRIX Motor Support 

LVLM 2012 patches & updates 
EV3 Support (not used for FTC Competition) 

LabVIEW 2012 SP1 
Video Tutorials   

Getting Started Window 
Teach Me Tutorials 

NXT Module 2012 (NXT functions and tools) 
Robot Project Center 

Schematic Editor 
Joystick Editor 

TETRIX Motor Support 

LabVIEW for LEGO MINDSTORMS 2012 
(LVLM) 

LabVIEW Toolkit for MINDSTORMS® ® 
Competition 2014-2015 

(LTMC) 

+ 

Setup 

Install 1st 

http://www.ni.com/ftc
http://www.ni.com/ftc
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Schematic 
Editor 

Sensor 
Viewer 

Remote 
Viewer 

Data 
Viewer 

Graphical 
Programming 

Robot Project 
Center 

Remote 
Control Editor 

FTC Features 
TeleOp/Autonomous 

LVLM Features 

Requires LTMC 

Setup 
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Getting Started Window 
Setup 

Step by Step tutorials 
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Teach Me 

Step by step instructions for 
programming for NXT and 
TETRIX motors and code 
reference. 

Setup 
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Getting Started Window 
Setup 

Open ended programming 
challenges 
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Challenge Me 

FTC specific 
challenges that will 
walk you through 
all the basics of 
programming an  
FTC robot. 

Setup 

Requires LTMC 
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Creating a New VI 

Start a new 
Project 
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New Robot Project 
Setup 

Create new Robot 
Project Center 
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Robot Project Center 
Setup 

1. Connect to Robot 
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USB 

Bluetooth 

-or- 

-or- 

USB Dongle 
Not Used for Competition 

Development and Practice Only 

1. Connect to the Robot 
Setup 

Wi-Fi 
(competition) 

 Special 
Access 
Module 
And 
Network 
Transport 
Helper 
Adapter 

Wi-Fi Router 
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1. Connect to the Robot 

 

1. Connect to Robot 

Setup 
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Robot Project Center 
Setup 

2. Configure Robot 
Sensors & Motors 
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2. Schematic Editor 
Setup 

Live Sensor Data 

Reverse Direction 

Motor Settings 
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3. Remote Control Editor 
Setup 

Open Remote 
Control Editor 
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3. Remote Control Editor 
Setup 

Select Drive Style 

Configure Drive 
Motors and Power 
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3. Remote Control Editor 
 

Setup 
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3. Remote Control Editor 
Setup 
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TeleOp Code Generation 
 

Create TeleOp 
(Requires LTMC) 

Setup 
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Robot Project Center 
Setup 

Save all your code 
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FTC LabVIEW Quick Start Guide 

Å LabVIEW Environment 
 
Å Data flow programming 
 
ÅNXT Programming Concepts 
 
ÅAutonomous Template 
 
ÅTeleop Code Generation 

Setup 

LabVIEW 

Basics 

Tips & Tricks 

Closed Loop 

Control 
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Creating a VI 
LabVIEW 

Basics 

Create a new 
LabVIEW Program 
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VI Target Options 
LabVIEW 

Basics 

VI for NXT Target VI for Computer Target 

USB 
Bluetooth 

Wi-Fi 

Download code from computer, LabVIEW runs on NXT 

LabVIEW runs on computer 
requires constant connection to NXT 

Download 
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LabVIEW 

Basics 

άCǊƻƴǘ tŀƴŜƭέ Ґ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ ά.ƭƻŎƪ 5ƛŀƎǊŀƳέ  DǊŀǇƘƛŎŀƭ tǊƻƎǊŀƳ 

The LabVIEW VI 
ά±ƛǊǘǳŀƭ LƴǎǘǊǳƳŜƴǘέ ό±Lύ Ґ [ŀō±L9² ǇǊƻƎǊŀƳ 

VI Target  
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Controls and Functions Palette 
LabVIEW 

Basics 

Right-Click 

Controls & Indicators 

Right-Click 

Functions & Terminals 
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Å¢ƘŜ ŦǊƻƴǘ ǇŀƴŜƭ ƛǎ ǘƘŜ ±LΩǎ ƎǊŀǇƘƛŎŀƭ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ ǿƛǘƘ ƛƴǇǳǘǎ ŀƴŘ ƻǳǘǇǳǘǎΦ 

 

Controls (inputs)  

     buttons,   

     knobs, slides... 

 

Indicators (outputs) 

     numeric display, 

     ƎǊŀǇƘǎΣ [95ǎΧ 

Parts of a VI: Front Panel 
LabVIEW 

Basics 

LED indicator 

Numeric Slider 
control 

Waveform Chart 

Boolean (on/off) 
control 
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Controls Palette 
LabVIEW 

Basics 

Browse subpalettes 

Pin to keep open 

Right-click on the  
front panel  
(not the block diagram) 
to open the Controls 
Palette 

Search for controls 
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Parts of a VI: Block Diagram 

ÅThe block diagram is the code for each VI. In LabVIEW, graphical blocks are 
connected with wires to control the execution. 

 

LabVIEW 

Basics 

Function 

Loop 

Terminal 
(front panel objects) 
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Functions Palette 
LabVIEW 

Basics 

ÅRight-click on the block diagram 
(not the front panel) to open the 
Functions Palette 
 
ÅContains the VIs, functions, and 
constants you use to create the 
block diagram 
 
ÅAll of he NCT functions you will 
use are under the I/O palette 
 

 
 

Search for functions by name 
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Same name 

Terminals 

ÅWith terminals, you can read and write to front panel controls 
and indicators.  

LabVIEW 

Basics 
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Wires (Data Types) 

ÅOther examples of wires in LabVIEW 

ÅBoolean 

ÅInteger 

ÅFloating Point 

ÅString 

ÅInt Array (notice wire thickness) 

ÅNXT wire 

ÅSingle motor constant 

ÅMultiple motor constant 

Broken wire 
(type mismatch) 

LabVIEW 

Basics 
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Dataflow Programming 

ÅOrder of execution is 
controlled by how the 
wires are connected 

 

ÅEach function executes 
when all of the inputs are 
ready 

 

ÅParallel code executes at 
the same time 

Turn on 
highlight 
execution 

LabVIEW 

Basics 
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The LabVIEW Environment 
LabVIEW 

Basics 
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LabVIEW Toolbar 

ÅThe tools you need to run, debug, clean up, and edit your code 

LabVIEW 

Basics 

Run tools Front tool Arrange tools 

Clean up 

Broken arrow 
(errors found) 

Search 
Everything 

Context Help 
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Programming Demonstration 

LabVIEW Programming Demonstration 

ÅFront panel/block diagram 
ÅTools/functions palettes 
ÅControls/terminals 
ÅWiring 
ÅConstants 
ÅDropping functions 
ÅRun/run continuously 
ÅLoops 
ÅData types 
ÅHighlight execution 

 

LabVIEW 

Basics 
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SubVIs 

ÅDouble-click a subVI to 
open it 

 

ÅUse the connector pane 
to connect controls and 
indicators 

Connector 
pane 

LabVIEW 

Basics 
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MINDSTORMS subVIs 

Select Motors 

Select Sensor Port 

Read NXT Sensor 
Use for All Motors 

(NXT, TETRIX, MATRIX) 

²ŀƛǘ ŦƻǊΧ 
 Time 
 Sensor input 
 Position (encoders) 

Stop Motor 
Brake or Coast 

Move Motor Wait Stop Motor Sensor 



45 ni.com/ftc 

Move Forward for 2 Seconds and Stop  

Swing Turn Point Turn Drive Straight 

Moving Motors 
LabVIEW 

Basics 
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Loops 

ÅAllow the same piece of code to run multiple times 

ÅExit conditions are different for each 

 

While Loop For Loop 

Run until stop 
condition met 

Run N times 

Iteration counter 

LabVIEW 

Basics 
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Loop Structures LabVIEW 

Basics 

Know ahead of time how 
many iterations you want 

Number of iterations determined by 
sensor input or Front Panel Controls 
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Programming Challenge 

Move Robot in a 
Square Pattern 

LabVIEW 

Basics 
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Drive in a Square Challenge Solution 
LabVIEW 

Basics 
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1. Case Structures 

 

 

 

 

 

2. Select 

 

(a) (b) 

(c) 

How Do I Make Decisions in LabVIEW? 
LabVIEW 

Basics 
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Autonomous Code 
LabVIEW 

Basics 

Open VI 
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Autonomous Mode 
LabVIEW 

Basics 

Communicates with the FCS 
and enables  or disables the 
robot as necessary. 

This loop waits for the 
game  to be enabled 

Put your autonomous 
code here 
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Example Autonomous Code 
LabVIEW 

Basics 
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TeleOp Code Generation 
 

Create TeleOp 
(Requires LTMC) 

LabVIEW 

Basics 
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Teleop Mode (Automatically Generated) 
LabVIEW 

Basics 

Reads the latest packet 
from the FCS and enables 
or disables the robot. 

Special behavior for buttons 

Joystick-Motor control 
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ωLoops can accumulate arrays 

at their boundaries with  

auto-indexing 

ωFor Loops auto-index by 

default 

ωWhile Loops output only the 

final value by default 

ωRight-click tunnel and 

enable/disable auto-

indexing 

Wire becomes 
thicker 

Wire remains the same 
size 

Auto-Indexing Disabled 

Auto-Indexing Enabled 

Only one value (last 
iteration) is passed out 
of the loop 

1D Array 

0     1      2    3     4    5 

5 

Building Arrays With Loops 
LabVIEW 

Basics 
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Learn Your Hotkeys 
LabVIEW 

Basics 
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FTC LabVIEW Quick Start Guide 
 
 
 
Å  Introduction to Closed Loop Control 
 
Å Closed loop in autonomous mode 
 
Å Closed loop in tele-op 
 
Å Closed Loop tips 
 
 
 
 

Setup 

LabVIEW 

Basics 

Tips & Tricks 

Closed Loop 

Control 
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Closed Loop 

Control 

Open Loop Vs Closed Loop 

Do 
Something 

Do 
Something 

Check the 
response 

Open Loop 
Control 

Closed Loop 
Control 
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Open Loop Control 

Pour out 
water bottle 

Wait 3.5 
seconds 

Stop 
pouring 

Imagine filling a glass of water without looking 
 

Potential Sources of Errors  
Å Bottle glugging causes water to come out at   
different rates 
Å There could already be some water in the glass 
Å If the bottle is full, it pours differently than 
when it is partially full 

 
¦ƴƭŜǎǎ ŜǾŜǊȅǘƘƛƴƎ ǿƻǊƪǎ ŜȄŀŎǘƭȅ ŀǎ ȅƻǳ ŜȄǇŜŎǘΣ ȅƻǳΩƭƭ ŜƴŘ ǳǇ ǿƛǘƘ ǿŀǘŜǊ ƻƴ 
the floor or a half full glass (half empty?) 

Closed Loop 

Control 
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Closed Loop Control 

Pour water 
Check if 

glass is full 
Stop 

pouring 

Makes a closed loop 

Imagine filling a glass of water while looking 
 
1. Pour water out 
2. Check if the glass is full 
3. Keep pouring or stop 

 
Potential sources of errors are mitigated 
 
 

Closed Loop 

Control 
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Open Loop Autonomous 

Å Complete actions based on timed or hard coded values 

Å No sensor feedback 

Sources of Errors 
Å Wheels slip, floor friction is different than expected 

Å 5ƻŜǎƴΩǘ ǎǘŀǊǘ ƛƴ exactly the right spot 

Å Robot bumps into something while driving 

Å Battery is running low 

 

Closed Loop 

Control 
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Open Loop Control ς Why Not?  

Å Requires very accurate initial placement 

Å Requires consistent battery voltage 

Å Requires consistent wheel friction 

Å If first step messes up a little, all following steps will too 
Å 9ǊǊƻǊǎ ŀǊŜ άŀŘŘƛǘƛǾŜέ 

 

 

 

 

Closed Loop 

Control 
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Closed Loop Autonomous 

Complete actions based on sensor inputs 
Å Bumpers, encoders, limit switches, ultrasonic ǎŜƴǎƻǊǎΣ άŦƛŦǘƘ 
ǿƘŜŜƭǎΣέ ƎȅǊƻ ǎŜƴǎƻǊǎΣ Lw ǎŜƴǎƻǊǎΣ ƭƛƴŜ ŦƻƭƭƻǿƛƴƎΧ 

 
Move a fixed distance.vi 

(requires encoders) 
²ŀƛǘ ǳƴǘƛƭΧ 

Closed Loop 

Control 
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Closed Loop Control ς Why? 

ÅLess reliant on accurate set-up 

ÅIE: If battery is running low, it will take longer, but still hit the target 

ÅIf first step messes up a little, it can be corrected 

ÅCan correct if opposing robot bumps it 

Closed Loop 

Control 
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Sensor VIs for Closed Loop Control 

Multiple methods of creating closed loop control 

¦ǎƛƴƎ ²ŀƛǘ ŦƻǊΧ Using Loops 

Closed Loop 

Control 
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²ŀƛǘ ŦƻǊΧ 

    ¢ƘŜ ²ŀƛǘ ŦǳƴŎǘƛƻƴ Ƙŀǎ ƳǳƭǘƛǇƭŜ ά²ŀƛǘ ŦƻǊ ώǎŜƴǎƻǊϐέ 
modes in a drop down 

Closed Loop 

Control 
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Closed Loop is not perfect 

Å9ƴŎƻŘŜǊǎ ǿƻƴΩǘ ŘŜǘŜŎǘ ƛŦ ŀ ǿƘŜŜƭ ǎƭƛǇǎΣ ǘƘŜȅ Ƨǳǎǘ ƳŜŀǎǳǊŜ Ƙƻǿ ŦŀǊ ǘƘŜ ǿƘŜŜƭ 
rotates 

 

Å9ƴŎƻŘŜǊǎ ŘƻƴΩǘ ŀƭǿŀȅǎ ǿƻǊƪ ǇŜǊŦŜŎǘƭȅ 

 

ÅLŦ ȅƻǳ ŀǊŜ ǿŀƛǘƛƴƎ ŦƻǊ ŀ ōǳƳǇŜǊ ŀƴŘ ƛǘ ŘƻŜǎƴΩǘ ƎŜǘ ƘƛǘΣ ȅƻǳǊ Ǌƻōƻǘ Ƴŀȅ ƎŜǘ 
stuck in its current mode 

 

ÅLight levels can change in different lighting scenarios (classroom VS arena) 

 

ÅUltrasonic sensors can give bad readings 

Closed Loop 

Control 
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Correcting for missed sensors 

!ŘŘ ŀ άǘƛƳŜƻǳǘέ ǳǎƛƴƎ ǘƘŜ hw ŦǳƴŎǘƛƻƴ ƛƴ ŀ ƭƻƻǇ 

Closed Loop 

Control 
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http://bit.ly/FTC-Gyro-Correct 

Demo of Closed Loop Control 
Closed Loop 

Control 
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For more info ask Team 3595 
on facebook 
 

Demo of Closed Loop Control 
Closed Loop 

Control 

Read Gyro 

Use math to calculate 
how to change the 

motor power 

Update motor power 
values 

facebook.com/FTC3595 
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Closed Loop in TeleOp 

Only move motor if 
button is released 

Button is released AND was not released 
on the last loop (Detect Rising Edge) 

Stop Motor 

TeleOp Limit Switch 

Closed Loop 

Control 
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Closed Loop Tips Closed Loop Tips 

ÅBack up into a wall of the field to make sure your robot is 
aligned square 

ÅUse bumpers, limit switches 

ÅUse timeouts in case a step is missed 

ÅTest your code with lots of variables 

ÅFollow a wall 

 

 

Closed Loop 

Control 
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FTC LabVIEW Quick Start Guide 

Å Using LabVIEW Help 
 
Å Troubleshooting tips 
 
Å Using Documentation 
 
Å Other Training Resource 
 
 

Setup 

LabVIEW 

Basics 

Tips & Tricks 

Closed Loop 

Control 
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Context Help 

ÅDisplays basic information 
about wires and nodes when 
you hover over with your 
mouse 

 

ÅTurn context help on/off 
o Click the yellow ? on the top right 

corner of your VI 

o Press <Ctrl-H> 

o Select Help»Show Context Help 
from the LabVIEW menu 

 

Click for more info 

Click ? to open 
context help 

Tips & Tricks 
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LabVIEW Help 

ÅContains detailed descriptions and instructions for most palettes, 
menus, tools, VIs, and functions. 

ÅOpen LabVIEW Help by 

o Selecting Help»LabVIEW Help from 
the menu 

 

o Clicking the Detailed help  
link in the Context Help window 

 

o Right-clicking an object  
and selecting Help from  
the shortcut menu 

 

o Pressing F1 

Tips & Tricks 
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LabVIEW Quick Drop 

Browse Functions & Controls by name 

ÅBlock diagram » Browse functions 

ÅFront Panel » Browse Controls 

Tips & Tricks 

Ctrl + Space 
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Find Examples 

ÅFind examples 
IŜƭǇηCƛƴŘ 9ȄŀƳǇƭŜǎΧ 

 

ÅBrowse to Toolkits and 
Modules»NXT Robotics  
 OR 

Search by keyword 

Tips & Tricks 

Search by 
keyword 
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Debugging: Correcting Broken VIs 

Broken Run arrow»VI cannot be compiled»VI cannot be executed 

Click to open 
Error List 

Tips & Tricks 
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Debugging: Probes 

ÅUse the Probe tool to observe intermediate data  
values and check the error output of VIs  
and functions, especially those performing I/O. 

ÅSpecify to retain the values in the wires so that you 
can probe wires for data after execution. 

Tips & Tricks 


