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LabVIEW

A aloratory Virtual InstrumentationEngineeringWorkbench
ACreated by National Instruments in 1986
AUsed at CERN, SPACEX, Qualcomm, ITT Tech, MIT & many r

A15,000+ Certified Developers World Wide

ni.comfftc 3 "INSTRUMENTS"




LabVIEW Usage in Universities
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http://www.mit.edu/site/aboutsite.html
http://upload.wikimedia.org/wikipedia/en/2/28/RoseSeal.png

Companies that use LabVIEW
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The LabVIEW Continuum
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LabVIEW for LEGMINDSTORM3012

Desktop software that turns any LEGO® MINDSTORMS® NXT kit
Into a fulHeature science and engineering learning station.

7 NATIONAL
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FTC Software Overview

LabVIEW for LEGO MINDSTORMS 2012 LabVIEW Toolkit for MINDSTORMS(
(LVLM) Competition 2014015

LabVIEW 2012 SP1 (LTMC)

G tt\i/édegtTrlftt%In\all\ll?n dow I Field Control System (FCS) tools
cting starte ° TeleOp Code Generation

Teach Me Tutorials
: Autonomous Templates
NXT MOdugoig%ir(gI;(; gjgrcéleorns i Re) Samantha Module Support
Schemajtic Editor MATRIX Motor Support
LVLM 2012 patches & updates

Joystick Editor :
TETRIX Motor Support EV3 Supporinpt used for FTC Competitjon

Install 1st

Download

Downloads available ati.com/ftc. R

Software

yNATIONAL
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http://www.ni.com/ftc
http://www.ni.com/ftc

LVVLM Features

Robot Project
Seaie—aaes  Center

Schematic
Editor

NXT Sensor Viewer

Remote 7768 mV Sensor

Control Editor N ey Viewer

Data un Remote

Viewer

B Requires LTMC

FTC Features ¥ Graphical
TeleOpAutonomous ort € Programmmg

‘7 NATIONAL
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Setup

Getting Started Window

{3 Getting Started = l =

File Operate Tools Help

T LabVIEW for LEGO" MINDSTORMS®

\ ¥ Create Program ‘

I @ Open Existing ’

Recent Files

[zl LEGO Plotter.lvrbt

[l Lights Outlvproj

{T_.-g, FIRST Data Entry.lvproj
[z aSFDGVFBD.Ivrbt

[l Drag and Drop - Multiple Data mi2/3/4/5
Lab¥IEW for LEGO MINDSTORMS Tour
Take a guided tour to learn about the Robot Project Center, Schematic Editor, Remote

gg Clear Specific Error.vi Control Editor, and more.
g

jwl Vector Explorer.vi

| Vector Explorer Old.vi

{=] CountItteration.vi

B Moveito Driin Q TEACH ME d[=]s CHALLENGE ME @ HELP ME

’E;] Paper Rock Scissars.vi Learn LabVIEW with Test your LabVIEW skills with Explore online lessons,
= these tutorials these interactive challenges support and training

-, mylncline Plane.vi

—
Step by Step tutorials
ni.comfftc 11
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Teach Me

Step by step instructions for

programming for NXT and
TETRIX motors and code
reference.

ni.comfftc

J [ MINDSTORMS for TETRIX

C' [ filey///C/Program%20Files%20(x86)/National%20Instruments/La 5 7 L)

ET)

i |

I |

10. From the NXT Frogramming=Structure

structure to the right of your current pro
structures have a True and False case
Wire the output of the Greater? Functio

. Drag the mouse over the TETRIX® Moy

on the block diagram, including the col
key and drag the V1 and constants to th
Case Structure. Change the Power/Sp
2 constants to 0. From the NXT 'O pal¢
Wl to the right of the TETRIX® Move DC
True case. Create a constant for the Pe
70. Wire the NXT output of the TETRIXE
the NXT input of the Motor Control W1,

. Again highlight and drag the first TETR

and add itto the False case ofthe Cas| g

13. To make this program run continuousl _

| PO Jup T TR PP [P T |

| r

INSTRUMENTS"
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Getting Started Window

Setup

{3 Getting Started

File

Tools Help

LabVIEW for LEGO® MINDSTORMS®

| I' x : LE MATIONAL INSTRUMENTS

¥ Create Program ‘

7 Open Existing ’

s
s

[ A (A e (A A
R RS ERS ERS ERS RS

Recent Files

LEGO Plotter.lvrbt
Lights Out.lvproj
FIRST Data Entry.lvproj
aSFDGVFBD.Ivrbt

, Drag and Drop - Multiple Data

Vectar Explorervi
Clear Specific Error.vi
Vectar Explorer Old.vi
Count Itteration.vi
Move to Origin.vi

Paper Rock Scissors.vi

mylncline Plane.vi

@|2(3]4|5
Lab¥IEW for LEGO MINDSTORMS Tour

Take a guided tour to learn about the Robot Project Center, Schematic Editor, Remote
Control Editor, and more.

Q TEACH ME d=]s CHALLENGE ME IVT_| HELP ME
Learn LabVIEW with Test your LabVIEW skills with Explore online lessons,
these tutorials these interactive challenges support and training

ni.comfftc

Open ended programming

challenges y NATIONAL
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Challenge Me

i3 FTC Robot Programming

FTC specific L= [ abVIEW' Challenges

challenges that will
walk you through
all the basics of
programming an

|
FTC robot. —
P S ) X @
h @
° * @ 60@@ K

Communicakte Create an Drive a Robot Control a Robot Handle Time
With the FCS Autonomous Robot With a Controller With Buttons Consuming Tasks

Write a program that receives packets from the FCS and displays the connection status with a
short message to the NXT screen.

Requires LTMC

5% Close All Challenges l l o Done ]

VNATIONAL
’ INSTRUMENTS"

ni.comfftc 14



Creating a New VI

{3 Getting Started = l =

File Operate Tools Help

T LabVIEW for LEGO" MINDSTORMS®

Start a new |
Project I ¥ Create Program

@ Open Existing

Recent Files

[zl LEGO Plotter.lvrbt

[l Lights Outlvproj

{T_.-g, FIRST Data Entry.lvproj

(=) aSFDGVFED.Ivibt

[l Drag and Drop - Multiple Data mi2/3/4/5
Lab¥IEW for LEGO MINDSTORMS Tour
Take a guided tour to learn about the Robot Project Center, Schematic Editor, Remote
Eg Clear Specific Error.vi Control Editor, and more.
il

jwl Vector Explorer.vi
j Vector Explorer Old.vi
{=] CountItteration.vi

1 Move to Origin.vi Q TEACHME d[=]p CHALLENGE ME E‘ HELP ME

’E;] Paper Rock Scissars.vi Learn LabVIEW with Test your LabVIEW skills with Explore online lessons,
= these tutorials these interactive challenges support and training
-, mylncline Plane.vi

VNATIONAL
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Setup

New Robot Project

=
3 New Program ﬁ

Templates Robot Project FTC Arm & Gripper
Robot Project (.Ivrbt) [ Blank Robot -
Virtual Instruments (.vi) {1 FTC Arm & Gripper i

@. Ranger

[, Tribot

Description:

8 This robot adds an arm and gripper
to the Ranger Bot and includes FTC
templates for autonomous and
teleop programs.

(@) Create £2 Cancel

Create new Robot
Project Center

‘7NATIONAL
ni.com/fftc 16 ’ INSTRUMENTS'



Setup

Robot Project Center

13 Robot Project Center - my_FTC_Bot.lvrbt o] @ =)

Share | Save Al ‘ £3  Close All [ ?-} Robot Files: Lists all robot project files, i

FTC Arm & Gripper

This robot adds an arm and gripper to the Ranger Bot and includes FTIC
templates for autonomous and teleop programs.

|#  Edit |
{7l choose NXT/EV3 Robot Files
1. Connect to Robot .
RINE | v | =3 Programs -
[F autonomous modevi @
Schematic =2 Remote Control New VI K

4k default configuration.rec

Specify your robot setup so =153 Other Files
'rus can test your motors & Ranger Build Instructions. it
Tl EEEE & Arm&Gripper Build Instru Add VI

lEDE Open Schematic Editor ] I8

> NXT/EV3 Tools & Apps

INSTRUMENTS"

‘7NAT|ONAL
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1. Connect to the Robot

Foecial
Access
Module
And

) Wi-FI ( s Network

competition e <viing
(comp ) Transport

Helper
Adapter

Wi-Fi Router

Not Used for Competition
Development and Practice Only

‘7 NATIONAL
’ INSTRUMENTS"
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Setup

1. Connect to the Robot

(13 Robot Project Center - my_FTC_Bot.Jurbt o] @ |

Share | Save Al | £2  Close all | 2 ) schematic Editor: Opens the schematic. {n]

FTC Arm & Gripper

This robot adds an arm and aripper to the Ranger Bot and indudes FTIC
templates for autonomous and teleop programs.

|#  Edit |
13 Find NXT/EV3 |28 |
1. Conned MKT/EVS List Connection

Name Connection Type  Status Type -
M 2 FTC Bot Rename

my FIC Bot [USB] Connected  NXT ame my ¢
Battery: | 16V
Connection: [USE]
Free Storage: 64.0 KB

- Firmware Version: 131

[E‘-E Open Schermatic Editor ]

[= NXT/EV3 Tools & Apps

INSTRUMENTS"

‘7NAT|ONAI.
ni.com/ftc 19 B



Setup

Robot Project Center

{3 Robot Project Center - my_FTC_Bot.hrbt o] @ /(]
Share | Save All | £2  Close Al " @-} Robot Files: Lists all robot project files. l
FTC Arm & Gripper
This robot adds an arm and gripper to the Ranger Bot and includes FTC
templates for autonomous and teleop programs.
~  Edt |
f7] Choose NXT/EV3 Robot Files
[ Mo Target ‘ W ] =] Programs »
[E autonomeous modevi @
Schematic &£ Remote Control ———
4k default configuration.rce
Specify your robot setup so =5 Other Files
1-"03 can test your motors Ranger Build Instructions, i
and sensars Arm&Gripper Build Instru Add VI
2. Configure Robot ¥ Open Schematic Edtor | -
Sensors & Motors
[= NXT/EV3 Tools & Apps

‘7NATIONAL
ni.com/fftc 20 ’ INSTRUMENTS'



2. Schematic Editor

Setup

ni.comfftc

13 schematic Editor - FTC Arm & Gripper * =R |
Save |8 Close [ P ? Schematic Diagram: Allows you to specify and then test your rebot setup. |®$| n
NXT [ Em—— ]
my e Bot -
Battery — <mp -
- ]
Connection usB i
| mecm——s |
Free Space (KB) 64 ] | ‘ ‘ | | |
Firmware Ver. 1.31 ‘ ‘ | | ‘ ‘
Play Tone - HT DC Motars | b LEGD Ultrasonic | [+ LEGO Light 1 | B HT Sensar MUX | L=
+Ee |
Left Wheel | b= Right Wheel ‘ L= HT Servo C... 1 | =3 HT Gyro 1 | b= HT IRSesker | [ 1
=5 =5 . ! P ! F S Pt
‘ ‘ H:‘ ‘ | [LE
wrist | B Ebow ‘ b Gripper | B Scoop | b
g g E E | o |l>| | o

21
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Setup

3. Remote Control Editor

{3 Robot Project Center - my_FTC_Bot.lvrbt o] @ |
Share | Save Al ‘ £ Close al || ?} Open: Opens the selected file. ar
FTC Arm & Gripper
This robot adds an arm and gripper to the Ranger Bot and indudes FTC
templates for autonomous and teleop programs.
&  Edit
{7l choose NXT/EV3 Robot Files
[ my FTC Bot [USE] | W ] =3 Programs -
[F autonomous modevi @
Schematic = Remote Control New
4k default configuration.rec
Specify your robot setup so =1 Other Files
Yos can test your motors [ Ranger Build Instructions. é’ Open Remote
antd sensars [ Arm&Gripper Build Instru Open Control Editor
X
Delete
[EDE Open Schematic Editor ] =
> NXT/EV3 Tools & Apps

INSTRUMENTS"

‘7NAT|ONAL
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3. Remote Control Editor

ﬂ Remote Control Editor - default configuration.rcc

(2 save |$3cuse |'i>eenemecode

Y
2

Remote Control Editor

0" Configure Robot Drive
{3 configure Robot Action
<@ Run Program
Alerts:
No Errors

Configure Drive
Motors and Power

ni.comfftc

Select Drive Style

l} Arcade Left | Arcade Right ’ Tank ] None ]

Controller: Left Motor: Right Motor: Power:

.2 ] ‘ Left Wheel IiJ [ Right Wheel Ii] , [/—EE = [7]

|| Invert Direction

<7 NATIONAL
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Setup

3. Remote Control Editor

{3 Remote Control Editor - default configuration.rec * EI [=]

Save £ Close | L GenerateCode | P ) Alerts: Lists errors in the configuration. Double-click an error to locate it. B8 | o

Remote Control Editor

Choose a Controller and an Input:

% Configure Robot Drive

{2:  Configure Robot Action

& Run Program

Alerts:
Mo Errors

Controller 1 ] & ] [ Button 1 I & l

Choose an Action:

L o Mone

Move while Pressed

. Move for Time

E Move for Distance
Mave to Position

Advanced SubVT

Change Drive Power

‘7 NATIONAL
’ INSTRUMENTS"
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Setup

3. Remote Control Editor

13 Remote Control Editor - default configuration.rec ™ EI [=]

Save |53 Close | Ty GenerateCode | T ) Test Mode: Specifies which type of test to run. B8 | m

Remote Control Editor

‘%’ Configure Robot Drive

{2 configure Robot Action

< Run Program 2
\ N
Alerts: o ﬁ g ;‘(j
Mo Errors

Controller 1: Controller 2:
Keyboard | 7 H@ Refresh H <Mone = | 7 ]
NXT/EV3 Name: my FTC Bot Connection Type: o

Prototype
_ [ E{} Start Test ] [ Sensar Viewer

ni.comfftc 25 INSTRUMENTS'
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TeleOp Code Generation

m Remote Control Editor - default configuration.rec ™ EI = @
save |51 Close o Generate Code ?‘} Test Mode: Specifies which type of test to run. B8 | m
Remote Control Editor ‘Create TeleOp

(Requires LTMC)

‘%’ Configure Robot Drive

{2 configure Robot Action

< Run Program 2
\ )
Alerts: L\
Mo Errors

Controller 1: Controller 2:
Keyboard | 7 H@ Refresh H <Mone = | 7 ]
NXT/EV3 Name: my FTC Bot Connection Type: o

Prototype
_ [ E{} Start Test ] [ Sensar Viewer

ni.comfftc 26 INSTRUMENTS'
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Setup

Robot Project Center

{3 Robot Project Center - my_FTC_Bot.hrbt o] @ /(]
Share |[5] Save Al | Close Al " ?‘-} Robot Files: Lists all robot project files.
Save all your code - 5 i ol K inel ot et s e
FTC Arm & Gripper
This robot adds an arm and gripper to the Ranger Bot and includes FTC
templates for autonomous and teleop programs.
'~ Edt |
f7] Choose NXT/EV3 Robot Files
[ No Target ‘ i ] =1 Programs -
[E autonomeous modevi @
Schematic &£ Remote Control ———
4k default configuration.rce
Specify your robot setup so =5 Other Files
1-"03 can test your motors Ranger Build Instructions, i
and sensars Arm&Gripper Build Instru Add VI
[EDE Open Schematic Editar ] -
> NXT/EV3 Tools & Apps

‘7NATIONAL
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FTC LabVIEW Quick Start Guide

ALabVIEW Environment

AData flow programming

LabVIEW
Basics

ANXT Programming Concepts

Ad\utonomous Template
ontrol

Areleop Code Generation

Tips & Tricks

< NATIONAL
ni.com/fftc ’ INSTRUMENTS'




LabVIEW
Basics

Creating a VI

{3 Robot Project Center - my_FTC_Bot.lvrbt o] @ |3
Share | Save Al | £t Close al [ ,-} VI: Opens a new, blank VI, il

FTC Arm & Gripper

This robot adds an arm and aripper to the Ranger Bot and indudes FTC
templates for autonomous and teleop programs.

s Edt

izl Choose NXT/EV3 Robot Files Create a new
LabVIEW Program

[ my FTC Bot [USE] ‘ ¥ ] == Programs -

. [F autonomous modewvi @
Schematic =/ Remote Control Hews VI i
4k default configuration.rcc
Specty your robot setpso || 5123 other Fes
you can test your motors [ Ranger Build Instructions. VI for Computer Target

and sensors

5] Arm&Gripper Build Instru AOOVI

[Eﬂﬂ Open Schematic Editor ] =

> NXT/EV3 Tools & Apps

INSTRUMENTS"

‘7NAT|ONAL
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VI Target Options

LabVIEW
Basics

VI forNXTTarget

VI forComputerTarget

& LabVIEW

USB
Bluetooth
Wi-Fi

B2 LabVIEW

LabVIEW runs on computer

Download code from computer, LabVIEW runs on AT requires constant connection to NXT
7 NATIONAL
ni.comfftc 30 "INSTRUMENTS‘"




The LabVIEW VI

3 My RobotvibtTribot Dashboard.vi Front Panel (S [E [ % T 8 My RobotlubtTrbot Dashboardyi Block Diagram [=[=] = ]
File Edit “iew Operate Tools Window Help File Edit View Operate Tools \Window Help

|2 |@] @[] | 25pt Application Font |~ || 2a~ || T~ |22~ ] l[search ENE [>]&] @[] [] (2] [sal@]ot [15pt Applicetion Fart |« [2a-]]

[ MR @ '

Touch Sensor Pressed (Port 1)
.................................... Sound dB (Port 2)
Light Sensor Data (Port 3)

Ultrasonic Sensor Data (Port 4)

fdain Application Instance| 4 | |Main Application Instance < [ —
i

NATIONAL
ni.com/ftc 31 INSTRUMENTS'




Controls and Functions Palette

=12

{3 Rob.lvrbt:move around.vi Front Panel an NXT Target: Unspecified *

i a EEE)
Rob.lvrbtmove around.vi Block Diagram on NXT Target: Unspeciﬁe_‘ & |

File Edit Miew Operate Tools Window Help

[218] @ [s2] [ 150t Appiication Font - (3o |[a- [~ [5-]

I-_IIMI@I

3] Controls
MINDSTORMS Robotics

} ¥ ‘ ¥ ¥
123 @
MNumeric String & Path

e W =

Array & Clus... Graph
Oﬁ) L4
]| B

MNXT Refnum

Boolean

Ring & Enum

Decorations

File Edit Miew Operate Tools Window Help

|ﬁ)i E ”@|ﬁl 15pt Application Fant |v‘|;mvi|7|]:" |¢Y'|3i|'_|| Search Q ||2ﬂ

ni.comfftc 32

-

Functions & Terminals

-] Functions q Sealch“
Selecta VL.
MINDSTORMS Robotics L4
o - ¥ i -
% & R :
Programming o Behaviors
=T\
NCYH
MCT

NATIONAL
INSTRUMENTS’




Parts of a VI: Front Panel -

HKS FNRYO LI ySt Aa GKS +£LQ&a 3INF LKA

3 My Robot lvrbtTribot Dashboard.vi Front Panel (=[@] = ]

ContrOIS (inputS) File Edit Miew Operate Tools Window Help I’.IxT
m@ 15pt Application Font |'l &3] ([ Search @, @

buttons,
knobs, slides... ‘

Indicators (outputs) |

numeric display,

AN LIKaz [ 95a

7 NATIONAL
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Controls Palette

Pin to keep open

Rightclick on the

front panel

(not the block diagram)
to open the Controls
Palette

Maodern Mumeric  Modern Button  Modern LED Silver Mumeric Silver Button

JII ==
" J ik [ Py
Modern Meter
1 6 rSil\wa-rI"-J'1v.='.tv.='.r
2 | ' g 4 6
0 10 T
x\ 0" “10
ni.com/ftc 34

-1 Controls
MIMNDSTORMS Robotics
F 3 ||
d -
lizs <=1 Numeric
Mumeric
T
‘ez
_ B '
Array & Clus..., Mumeric Co...
O&P |0'I
o
o0 o
Decorations | Vertical Fill 51...
-
L
Horizontal Fi...
g
L
of
Silver LED Knob
. 1\'!'?""
i
n
Tank

LabVIEW
Basics

Search for controls

QSearchl
3

Murnernc Indi...

10'.
5-
o8

Vertical Poin...

L ¥ -]
oo
o5 10

Horizontal P...

g
L
pT &
Dial

g/

Browse subpalettes

i 2
Vertical Prog... Vertical Grad...
e .
Horizontal Pr... Horizontal G...
L (/T%'
ey _;;\)

Meter

Gauge

Thermometer Framed Colo...

INSTRUMENTS'
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LabVIEW

Parts of a VI: Block Diagram

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

{83 My Robot.lvrbt:Tribot Dashboard.vi Block Diagram |ﬂl
File Edit View Operate Tools Window Help nxT
B S N s e [ Sy ||@||
Loop
Terminal
(front panel objects)
Function

e ¢ | = o
‘ NATIONAL
ni.comfftc 35 p¥ INSTRUMENTS



Functions Palette

Search for functions by name

-] Functions QSEarchl
Select a VI...
MINDSTORMS Robotics r
G?!P 'u 3 l‘_q:abl
S % [0
Pragramming o
. '
3 © @) |&

=
I
_|
=
=
[=] X2
g
2
=]
=
=+
=

(=]

% (A
=

g
Ul

=
[=1)

=Y
M

"
o
[

g5

3

[=]

=
=
o
&
5
(&)
m
o
(]
3
=2
m

ni.comfftc

36

LabVIEW
Basics

ARightclick on theblock diagram
(not the front panel) to open the
Functions Palette

KContains the VIs, functions, and
constants you use to create the
block diagram

AAll of he NCT functions you will
use are under the 1/O palette

VNATIONAL
’ INSTRUMENTS"



LabVIEW
Basics

Terminals

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

_ Area of a Triangle
Height (crm)
fITI ’U—"ﬁ .ﬂ
= i Area (em™2)
£ 0
Baze (cm) E" |
I

o

Determines the area of a tnangle.

Area (cm™2)

Nz I:’f\'—-\" [_15\,} :

Triangular Multiplier
Height (cm) 05
G

Same name

‘7 NATIONAL
ni.com/ftc 37 ) INSTRUMENTS




LabVIEW

Wires (Data Types)

AOther examples of wires in LabVIEW
ABoolean

Al nteger Broken wire

(type mismatch)

AFloatingPoint

AString
Alnt Array(notice wire thickness)
ANXTwire
_
v ASinglemotor constant
_
AMultiple motor constant

w F 9

W7 NATIONAL
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LabVIEW

. Basics
Dataflow Programming  piimen
highlight
execution
' 13 Quadratic.vi Block Diagrarm @lﬂ”ﬁ
File Edit WView Project Operate Tools Window Help g
A Order of execution is 2|5
controlled by how the .
wires are connected A
E= 1
A Each function executes . T
when all of the inputs are E - A
ready ﬁ > B i E> L
. X
A Parallel code executes at E\ """""""""" B iz
the same time .
[ i
Main Application Instance < 1] k )

W7 NATIONAL
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LabVIEW

The LabVIEW Environment

¢ NATIONAL

ni.comfftc " INSTRUMENTS'



LabVIEW

LabVIEW Toolbar

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

Search
Run tools Front tool Arrange tools Everything
File Edit View Operate Tools Window Help
.%. [:::II:[}':;J 15pt Application Font |~ Ej;rr -F[E"r @T i"’.ﬂ | Search '4\ m

o
5o

\ Clean up /
Context Help
Broken arrow /
(errors found) .
Using Temperature.vi Block Diagram ﬁﬂ‘ﬁ

Fi Edit View Project Operate Tools Window Help

/ H
On][@][5][walw or TN ] L

-~

N7 NATIONAL
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LabVIEW

LabVIEW Programming Demonstration
Programming Demonstration
{4 Simple LV Examplewvi Front Panel EI@
,&Front pane|/b|ock diagram File Edit View Project Operate Tools Window Help TP
Arools/functions palettes [ [@] @[] [ 150t Application Fort |- |5~ [~ [{- [R]HIH
AControls/terminals
ANII’Ing !\‘A a+h+5 ‘ ‘
AConstants w° 2
mropp"’]g funCt|onS {# simple LV Examplevi Block Diagram = Ech ==
mun/run ContanOUSIy IU—B File Edit View Project Operate Tools Window Help 3
A_OOpS :l o [ OIEI|HD|'E’ J‘llSptApplication Font |~ -J‘\l@ =
Mata types i iin
Adighlight execution . sToP
A
+ a+h+5
Main Application Instance] ¢« | b o |
stop
[ sror
[l 1 |
Main Application Instance « T 3 B
7 NATIONAL
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SubVIs

A Doubleclick a subVI to

open it

A Use the connector pan
to connect controls and

indicators

RightMotordnverted | F|
LeftMotorlnverted

LabVIEW
Basics

4 WPI_RobotDriveOpenZMotorWithlaguarvi Front Panel on 201... E'@

File Edit View Project Operate Tools Window Help

Connector

||_{> |{§}| OIEI | 15pt Application Font |« ||E;|v

pane

|-J\|<@|ﬁ

Left Motor f# PWM 1 ~

Right Mator i“ PWM2 [

ni.comfftc

4 WPIL_RobotDriveOpenZMotorWithJaguarwi Block Diagram on 2014 Robot Project.vproj/RT CompactRIL... E\@

f]l_i File Edit View Project Operate Tools Window Help Tirive
Invg — aFEH
g o> [ O@lhuhﬁ. + |15ptAppIication Font |« ||E,;|v ||-|]Dv||@bv| ..)\ ”{?l 2 MOTOR
Righi i
\;]ﬁ o E |: Ma Error 't
3 15‘,&;
o i
Max Output
| 5quare Inputs
= Mators[]
error in (no error) Devstatus RobotDriveDevRef
Mator [< Mator 4 T B
DRt |t oo [T A o]
Right Motor [Jaguar = [Jaguar -]
Right Mator Inverted
- Left Motor Inverted
Leftand Right || oo
"""""""""""""" 2014 Robot Project.lvproj/RT CompactRIO Target « | m r
QFEH Ll
EMOTOR e CONFIG
‘7 NATIONAL
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MINDSTORMS subVls

Select Motors

<4® | eft Wheel v Select Sensor Port
-4® Right Whee| + 3
3 iEDrt 1~
O T fien ®
Motor 1 Power [I3}—® 54 Wiat Time (sec) ﬂ lEﬁ 5
Motor 2 Power 75 L J Wait for Time »  Read NXT Touch 3 2':?: Distance |:Cr'l"|:| + Brake
Constant Speed Wait for Sound ¥ Read NKT Light 3
Wait for Ultrasenic »  FRead Rotation
Wait for Bluetooth Message ¥ Read Timer
Wait for MAT/EV3 Button ¥  Read Battery Level
Wait for Temperature »  Read Brick Buttons
Wait for Rotation Read MXT Temperature
Wait for MXT/EV3 Flag ¥  Read NXT Color 3
Move Motor Wait Sensor Stop Motor
2 A0 T2NX
Use for All Motors Time Stop Motor
. Read NXT Sensor
(NXT, TETRIX, MATRIX Sen_s_or Input Brake or Coast
Position (encoders)
W7 NATIONAL
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LabVIEW

MOVIng MOtorS Basics

Drive Straight Swing Turn Point Turn

°

Brake ~ |

ni.com/fftc 45 INSTRUMENTS
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LabVIEW

LOOpS Basics

AAllow the same piece of code to run multiple times
AEXit conditions are different for each

Run N times

While Loop For Loop

I 1000 I—

Run until stop lteration counter
condition met

VNATIONAL
, INSTRUMENTS"

ni.comfftc 46




Loop Structures

For Loop

N

ni.comfftc

|Di5p|a}r 1-10 on the NXT Screen|

&
Wait Time ()

Time =

Know ahead of time how
many iterations you want

LabVIEW
Basics

While Loop

Waveform Chart

3

Sonar -]

Wiat Time (sec) ID.EE

MNAT/EV3 Btns =

Number of iterations determined by
sensor input or Front Panel Controls

‘7 NATIONAL
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Programming Challenge gy

:IIIIIIIIII> ,.....
A E
: v
:llllb ‘llllllllll:

‘7NATIONAL
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LabVIEW

Drive in a Square Challenge Solution

# of Iterations M

|Dri1.rEF::|n-'-.rar:I| | Wait | | Preot Turn | | Wait | |AII St::np|

=00 | oft Wheel
=08 Bight Whee|

— /—E_\
B . B
- O T
m—-\l 5 Time * |
Power * |
[i]
NATIONAL
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LabVIEW

How Do | Make Decisions in LabVIEW? FE=8

1. Case Structures

(D)
2. Select

Seleck 57 bif
‘I .......................... 3 i3
I3

E— (¢

<7 NATIONAL
W
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LabVIEW

Aut Cod
{3 Robot Project Center - my_FTC_Bot.vrbt o] @ |3
Share Save Al | % Close all ?} Robot Files: Lists all robot project files, nr

FTC Arm & Gripper
This robot adds an arm and gripper to the Ranger Bot and indudes FTC
templates for autonomous and teleop programs.
& Edit
f7] choose NXT/EV3 Robot Files
[ Mo Target ‘ W ] =3 Programs -
B simple drive.vi
sch tic [ autonomous modevi Ne%:l\fl W
=¥ Remote Control
Specify your robot setup so 4k default configuration.rce
you can test your motors =155 Other Files ﬂa
and sensors ' '
[ Ranger Build Instructions, Add VI
Arm&Gripper Build Instru
£ Open VI
Open
2
Delete
[ﬁ Open Schermatic Editor ] o
[= NXT/EV3 Tools & Apps

INSTRUMENTS"
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Autonomous Mode

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

This loop waits for the
game to be enabled

ni.comfftc

LabVIEW
Basics

=
{3 Team 2468 Alvrbtautonomous mode.vi Block Diagram on MXT Target: Unspecified * E‘M

>[S] @[]

File Edit Yiew Operate Tools Window Help -,JH
=

| 15pt Application Font |« || !m'":ﬁ:"i |‘§"i i| ey I ? b’

Communications Loop

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

B
Put your autonomous
code here

[Autonomous cede goes here.|

Wait for Enable

52
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LabVIEW

Example Autonomous Code

Communications Loop

Communicates with the FC5 and enables
or disables the robot as neccessar}r

1000 0000000000000 0000000000000000000000000000000000000000000

[Autenomous code goes here. |

Drive Forward until Burnper hits _ Return to home
IP':::rts ARE "I

Walt for Enable

FIFTC @mse-.
mf| o] _&
mSEC "F

= 1
2 %
[# Enabled k|- Fwd ¥ Time v |Brake T] 2 Jime 7] [Brake T

- LEI"t Wheel

*]
J

OO0 0000000000000 000000000000000000000000000000000000000000a0

ni.comfftc 53
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LabVIEW

TeleOp Code Generation

m Remote Control Editor - default configuration.rec ™ EI = @
save |51 Close o Generate Code ?‘} Test Mode: Specifies which type of test to run. B8 | m
Remote Control Editor ‘Create TeleOp

(Requires LTMC)

‘%’ Configure Robot Drive

{2 configure Robot Action

< Run Program 2
\ )
Alerts: L\
Mo Errors

Controller 1: Controller 2:
Keyboard | 7 H@ Refresh H <Mone = | 7 ]
NXT/EV3 Name: my FTC Bot Connection Type: o

Prototype
_ [ E{} Start Test ] [ Sensar Viewer

‘7 NATIONAL
’ INSTRUMENTS"
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Teleop Mode (Automatically Generated)

Special behavior for buttons

WIaIn Frogram Loop

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

9‘9‘5@!

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

JoystickMotor control

O000000000000000000 0T o000 oo00000000000000000000000070 0

-

LabVIEW
Basics

Controller 1

N

Add a case for each button you want to respond to. Your case will get

@m Button ID

Event Type

El

called whenever the button is pressed or released.

A : : A Ao A A AR AR A A

=i | =ft Wheel

= Right Wheel +
rs

Drive Power El
=

L
EIDDEIEIDDDEIDDDEIEIDDE|EIEIDDEIEIE|E|E|EIEIDDEIDDDDEIEIDDDEIDDDDDDDDDDD

ni.comfftc

55
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LabVIEW

Building Arrays With Loops

Auto-Indexing Enabled

~ Wire becomes

w Loops can accumulate arrays [eHN thicker
at their boundaries with | l 1D Array Indicator
auto-indexing = & ;

w ForLoopsauto-index by \
default ! o \1D Array

O|1f 2 B (4|5

w While Loopsoutput only the
final value by default

w Rightclick tunnel and
enable/disable aute AR Wire remains the same

: : ize
Indexi ng — T Murneric Indicakor
L b

i - \ Only one value (last

5 | iteration) is passed out
of the loop

Auto-Indexing Disabled

yNATIONAL
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LabVIEW
Basics

Learn Your Hotkeys

4 _abVIEW Quick Reference Guide

Keyboard Shortcuts Tools Palette
File Ctrl-X Cut object Right Click If:lispla\f controls/ Tool Ilcon Description
Ctrl-N Create new Wl Ctrl-Z Unda last action unctions palette ] -
Ctrl-§ Save VI ; : Shift-Right  Display tools palette Automatic Automatically choose the
Ct-P  Prnt Cirl-Shift-Z  Redo last action Biick O Tool Selection appropriate fool
Edit Operate Ctrl-T Tike block diagram and -
- Run VI front panel windows Operating n Change the value of a control
Ctrl-V Paste ohject Ctrl-R un Tool “h or select the text within
Ctrl-U Clean up diagram Crl-. Abort VI Help a control
Ctrl-Space  Activate quick drop Window Ctrl-H Display context help Positiont A
n . osrmoming nsition, resize, and
gr: E Eemmue :Lc?ken wires Ctrl-E 'Drigsnla'.' hli'ilck diagram/ Toal ..% select obiects
rl- opy an object nt panel
o Labeling H Edit text and create
Editing Tools Debugging Tools Tool free labels
Tool ipti ipti i
- icon_ Dosptrigtion Tool lcon _Description Wiring Tool Wire ohjects together
Show Context -@ Display the context Run £:> Execute the VI L on a block diagram
Help help window
Text Settings Change the font setting for List Errors List errors thet prevent the Scroll Tool SCFG" the window withoat
T — the VI, including size, style, from running using the scroll bars
| pt Application Font |« | and color Run Execute the V1 continuously until abort
- - Continuously or pause is pressed Breakpaoint Set hreaknoi W
Align Ob Align selected obj PO . ¢ beaicirds on Vi,
gn Objects jri seslectend ohpects Stop Stop V1 execution immediately Tool (used for @ functions, wires, loops,
T _ . debugging) sequences, and cases
Distribute Objects Space objects evenly -
] Execution Animate data movement on the block vt
- - - - Highlighting diagram wires robe Tool . Create probes on wires and
R . . X
Resize Objects dEJ'SﬂfsTUItiule front panel . _ {used for +{FF display intemmediate values
jects to the same size Pause IEl Tempararily stop execution to debug a debugging) on a wire in a running VI
Reorder E Reorder the layers of portion of the VI
the objects Step Into Single-ste_p into a subVl or structure Color Copy Copy colors for pasting with
Clean Up Rearrange wires and objects on o debug it Tool the Calor Toal
Diagram the block diagram Step Over Execute a sub or structure and resume
single-stepping in next main function
Enter v Appears when a new valug is S — - Color Tool E’E[ the meE"T”"d and
available to replace an old value tep Out sing[ie-m:ps;:ng iﬁrn‘;m”ﬁ :rnsu'iistl:"r: ackgrosnd coloes
. W7 NATIONAL
ni.comfftc 57 ’ INSTRUMENTS



FTC LabVIEW Quick Start Guide

Setup
- A Introduction to Closed Loop Control

LabVIEW AClosed loop in autonomous mode

Basics

AClosed loop in telep

Closed Loop .
Control AClosed Loop tips

Tips & Tricks

< NATIONAL
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Open Loop Vs Closed Loop

Do Do Check the
Something Something response

Open Loop Closed Loop
Control Control

<7 NATIONAL
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Open Loop Control

Imagine filling a glass of water without looking

Potential Sources of Errors = y
ABottle glugging causes water to come out at ! et
different rates J
AThere could already be some water in the glass |
Alf the bottle is full, it pours differently than

when it is partially full v%g
'yt Saa SOSNRBGKAY3I ¢2N)la SEFOGte | a &2dz

the floor or a half full glass (half empty?)

Pour out Wait 3.5 Stop
water bottle seconds pouring

ni.comfftc 60
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Closed Loop Control

Imagine filling a glass of water while looking

1. Pour water out —
2. Check if the glass is full I
3. Keep pouring or stop ,4

Potential sources of errors are mitigated

Makes a closed loop

W ( Check if WL Stop

J K glass IS IUIIJ pourlng

»

ni.comfftc 61
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Closed Loop
Control
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Open Loop Autonomous

A Complete actions based on timed or haabtled values
A No sensor feedback

Sources of Errors

A Wheelsslip, floor friction is different than expected
A 52 S ay Q lexadgtlithe Kght spoy
A Robot bumps into something while driving

A Battery is running low

Closed Loop
Control

| Drive Forward for 1.2 seconds

Turn for .7 seconds

Stop

- | eft Whee| -

-4® Hight Whee| *
- -

Power/5peed 1
Power/5peed 2

ni.comfftc

73

I

75

Power ¥ |

o

E @
12 & [ o7 & g
Time "’" -ID—® Time * |Eral~:e - ||
Power ™

62

»
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Open Loop Contral Why Not?

Requires very accurate initial placement
Requires consistent battery voltage
Requires consistent wheel friction

If first step messes up a little, all following steps will too
A 9ONNERNHE | NB dF RRAUAOGSE

Do o o I

| Drive Forward for 1.2 seconds || Turn for .7 seconds || Stop |

- | =ft Wheel -
-3 Right Wheel *

- il

Power/5peed 1|75 E . . . ”
Power/Speed 215 . Time =|| | 5 Time *
fme) IR e el

‘7 NATIONAL
ni.com/fftc 63 , INSTRUMENTS'




Closed Loop Autonomous

Complete actions based on sensor inputs

A Bumpersgencoders, limit switches, ultrasonicSy 8 2 NBE =
gKSSf azé FJeNPR aSyazNRX Lw &as

Move a fixeddistance.vi

% B (requiresencoders)
2 A0 dzyuAf X

| Drive Forward Until Bumper | | Turn 180° || Stop |
-8 Right Wheel o
- il E
o ] E-4)
Power/5peed 1 |75 .
Power/Speed 2 75— & Touch *

o JONAL
ni.com/fftc 64 , INSTRUMENTS




Closed Loop ContrQMWhy?

ALess reliant on accurate sep
AlE: If battery is running low, it will take longer, but still hit the target

Alf first step messes up a little, it can be corrected
A Can correct if opposing robot bumps it

| Drive Forward Until Bumper | | Turn 180° || Stop |
-8 | eft Whee| *
-8 Right Wheel o
- il E
(O 571
Power/5peed 1 |75 .
Power/Speed 2 [75|—* & Touch *
Power *

<7 NATIONAL
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Closed Loop
Sensor Vs for Closed Loop Control

Multiple methods of creating closed loop control

.then stop

Drrive until Ultrasonic measure less than 10 cm

|Dri1.re until Ultrasonic measure less than 10 e ..then st-:upl

- | &t Wheel iﬁnrtﬂi v| -8 | &ft Wheel
-8 Right Wheel + = Right Wheel «
- F . - e
1 F =
). B )
Power/Speed 1 |75 :J o] e Power/Speed 1 |75
Power/Speed 2 .m Closer ¥ [Brake ~ Power/Speed 2 |73
Poner -
W7 NATIONAL
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2 AU F2NX

CKS 2 A0 FdzyOuA2y KIFa Y
modes in a drop down

i
Wait for Pressed ""'m_ _
[Wait_Touch.vi] Wait for Time 1
Port Wait for Touch 3
o

Wait for Sound
NXT/EV3 NXT/EV3 attorsoun 4
Wait for Light b

Further
Wait for Bluetooth Message  p

Wait for NXT/EVZ Button 3
Wait for Temperature b
Wait for Rotation

Wait for NXT/EV3 Flag b

INSTRUMENTS"
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Closed Loop is not perfect

AOYO2RSNAE 62y Q0 RSOUSOU AT | 6KSSt
rotates

AQYO2RSNB R2y QU lftgléea ¢2N] LISNFSO

ALF @2dz NB gFAOGAY3I F2NI I 06dzYLISNI |
stuck in its current mode

A Light levels can change in different lighting scenarios (classroom VS arena

A Ultrasonic sensors can give bad readings

‘7 NATIONAL
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. . Closed Loop
Correcting for missed sensors
' RR | aUGAYS2dz2ié¢ dzaAy3a UKS hw Fdzy Ol

Drive until Uktrasonic measure less than 10 cm
OR. 5 seconds pass

-4 | eft Wheel -
=im Right Wheel *

- il

Power/Speed1 |75
Power/Speed 2 |73

Current Time

Start Time

‘@ - Time Passed (ms) b
S000

|5 seconds = SDUDmsl

‘7NATIONAL
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Closed Loop
Demo of Closed Loop Control

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

VNATIONAL
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Closed Loop
Demo of Closed Loop Control

Use math to calculate
how to change the
Read Gyro motor power

Uses gyro to keep the robot from
turning as it drives forward

Initializes timer
and shift registers
when first called

Port/MUX Converting degrees per
g second to degrees |

iteration

i B T

it - Red Rear 2 -
Offset [5557 Degrees Turned ————— B Green Rear 2 =
WXT jLoBd - | Y
Power |_I5_K 1137} 7
Update motor power
values
For more info ask Team 3595
on facebook
7 NATIONAL
facebook.com/FTC3595 71 )‘msmumzms“




Closed Loop in TeleOp

ni.comfftc

TeleOp Limit Switch

Main Program Loop

Only move motor if
button is released

Closed Loop

Control

| "Enabled" ‘t

O000000000000000000000000000000000000000000000000000000000000000000

Controller 1

Reads the latest packet
from the FC5 and enables
or disables the robot.

N

™ "Button 1" 't

|C0ntr0|ler1, Button 1 - Move while Pressed\

Motaors

Button ID

Event Type

g

[ True Vt
Lv [ = |

T ®

O0000000000000 000000 0000000000000 00000000000 000 00000000000 0000000070

g

™

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

72

Stop Motor

»
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Closed Loop Tips

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

AUse bumpers, limit switches

AUse timeouts in case a step is missed
ATest your code with lots of variables
AFollow a wall

‘7 NATIONAL
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FTC LabVIEW Quick Start Guide

Setup
- AUsing LabVIEW Help

LabVIEW ATroubleshooting tips

Basics

AUsing Documentation

Closed Loop
Control AOther Training Resource

Tips & Tricks

< NATIONAL
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Context Help E)

Click ? to open | —
context help

- o ] Context Help @
ADisplays basic information Data type of wire
about wires and nodes when || @ tong 32-bit integer (2147483645 10 2147483647))

you hover over with your |

mouse 4,

&~

Context Help (=]
Read From Spreadsheet File.vi T
ATurn context help on/off i | _
forrmat (2431 19 new file path (Mot & Path i,
H H ile pa ialog if em all roys
o Click the yellow ? on the top right || "t d e iy T B fistvow
corner of your VI transpase (OiF) o A EHC?I!E after read {chars.)
Reads a specified number of lines or rows from a numeric text file
O PreSS <Ct-r|H> }:uzginr'uir'ugI at a specified character offset and corwerts the data to a 20,
double-precision array of numbers, strings, or integers, You must rmanuall
0] Se|eCTHe|p>>ShOW COnteXt Help selectthpe pnl'_-,fmu:urphii instanceynuwarﬂtn e, ? ¢
from the LabVIEW menu Detailed help |
1 G
Click for more info
VNATIONAI.
’ INSTRUMENTS'
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LabVIEW Help

Tips & Tricks

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

A Open LabVIEW Help by

0 SelectingHelp»LabVIEW Helfpom
the menu

0 Clicking theéDetailed help
link in theContext Helpwvindow

0 Rightclicking an object
and selectindHelpfrom
the shortcut menu

0 Pressing-1

ni.comfftc

[ LabVIEW Help

Hide Locate Options

Contents| Indes | Search| Favorites

[BLatviEwW H
@ Finding E=ample Iz
Glozsary
7 @ LabIEW 2011 Features and Changes
= 0 Activating vour Software
= 0 Using Help
+ Q Lab/IEW Documentation Resources
+ @ Getting Started with LabiIEW
EY Q Fundamentals
= @ W and Function Reference
& 0 Property and Method Reference
# @ Taking Measurements
7 @ Contralling Instruments
5 @ Toolkits
@ MI Device Drivers
+ @ Important Information

£ @ Technical Suppart and Professional Services

NATIONAL
INSTRUMENTS"
LabVIEW™ Help

June 2011, 371361H-01

This help system includes information about LabWIEW
programring concepts, step-by-step instructions for
using LabVIEW, and reference information about
LabWIEW WIs, functions, palettes, menus, and tools,

To navigate this help system, use the Contents, Index,
and Search tabs to the left of this window.

after you install a LabWIEW add-on such as a toolkit,
rmodule, or driver, the documentation for that add-on
appears in the Labl IFW Help or appears in a separate
help systern you access by selecting Help»Add-On
Help, where Add-0n Help is the name of the separate
help systern for the add-on.

m

This help system links to Partable Document Format
({PDF}) versions of LabWIEW print docurnents. You must
have Adobe Reader installed to view or search the PDF
varsions of these manuals,

Refer to the Adobe Systermns Incorporated Web site to
download Adobe Reader,

@ Note {Mac 0§ X} Mational Instruments
recommends that you use Safari 1.3.2 or later
or Firefox 1.0.2 or later to view the LablTEW
Hedp, {Linux) National Instruments
recommends that you use Mozilla 1.2 or later
or Firefox 1.0.2 or later to view the LablTEW
Helo,

For more information about this help systern, refer to the
following topics:

76
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Tips & Tricks

LabVIEW Quick Drop

Browse Functions & Controls by name
A Block diagram » Browse functions
A Front Panel » Browse Controls

Ctrl + Space

[

13 FTC Advanced Screenshots.vi Black Diagram on iWorx - Sensor Examples.vproj/My Computer EI@
File Edit View Operate Tools Window Help g
oy | OIEI|'4:|||E' k) |15ptAppIicatiDn Font |« E,;.T| o | |&h~ ey =

13 Quick Drop
[Mflild Sensor.wvi [Robo_Programs< FTC Sen

o [ )
te

Brick Light -
Save Light to File

Drive Fon| | Read Ambient Light :l
Read Light (LED On)
Read Reflected Light
0w | eft Wheel ¥ Read Light (LED Off)

4B Right Wheel ¥ IMAQ Light Meter (Ling)
* Read Legacy Light Sensor

IMAQ Light Meter (Point)
Drive While Sampling Light m
Power/Speed 1 IMAQ Light Meter (Rectangle)

! Speed Of Light In Vacuum (m/sec)
Power/Speed 2 HiTechnic Light_On MUX.vi

HiTechnic Light_Off MUXwi
Mew Light.vi [NL_3D Picture Control.lvlib] 2

[ Shortcuts... ] [ Help ]

m

m

=1

iWon - Sensor Examples.lvproj/My Computer « 1 r

‘7 NATIONAL
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Tips & Tricks

Find Examples

Search by
keyword

. ﬁ NI Example Finder E’E‘@
A Find examples o [m , . |
earch ] Double-click an example to open it. Information

Pa e
I S f LJ C A R 9 ] —2) Hardware Input and Qutput - -
r] Browse according to: =3 Industry Applications

) Task =) Metworking

B =) Optimizing Applications

{) Directory Structure =2 Printing and Publishing Data

) Programmatically Controlling Vls
3 Toolkits and Modules

A Browse to Toolkits and =3 Application Builder

=2 Embedded

Modules»NXT Robotics T ——
—) Advanced
OR % Data Logging
Display
r h k r = Motors
Search by keyword v
2 Sound Requirements
=l Structures
=) TETRIX
=2l Vernier Sensors
2 Real-Time
Visit ni.com 2 Vision
for more examples —) Favorites
=2 Most Recent

Hardware EToolkits and Modules Not Installed B
Find hardware El -

m
1

[T] Limit results to hardware Add to Favorites ’Se‘tup...] [ Help ] ’ Close ]

VNATIONAL
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Tips & Tricks

Debugging: Correcting Broken Vs

Broken Run arrow»VI cannot be compil&dxannot be executed

fﬁ Error list E]@]-‘~

Items with errars

Unikitled 2 [~
lﬁ' M
- 2 errors and warnings Showw Warnings
& Glock Diagram Errars [A]
You have connecked bwo terminals of different bypes, i
While Laop: canditional kerrminal is nok wired
Click to open v
Error List .
Details

These cannot be wired together because their data bypes (numeric, string, array, cluster, [A]
etc, ) do nak makch, Show the Context Help window to see what data tvpe is required.

The type af the saurce is double [64-bit real (~15 digit precision’].

The type of the sink is cluster of 3 elements,

(]

[ Close ] [ Show Errar ] [ Help ]

VNATIONAL
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Debugging: Probes

AUse the Probe tool to observe intermediate data
values and check the error output of VIs
and functions, especially those performing 1/O.

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

¥
Simulake Signal

Sine

Skatistics

Signals

ni.comfftc

Arithmetic Mean ¥

Write To
Measurement File

Signals

Tips & Tricks
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