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LabVIEW

LabVIEW is a data acquisition software package
commonly used with hardware acgquisition boards

LabVIEW has many features for data acquisition
and processing of either measured data or
simulated signals.
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LabVIEW - Start Up

LabVIEW will be explored using some simple signals

I

File Edit Tools Help

NATIONAL
INSTRUMENTS

Cpen...

Configure. ..
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LabVIEW - Start Up

LabVIEW will be explored using some simple signals

NEW - template selector

NATIONAL
INSTRUMENTS’

@ or click on arrow for erther

Open... | v NATIONAL
INSTRUMENTS
NEW,
Configure... | i
- B blank vi,
Generate, Analvze, and Display
o,' 2. | SubWT with Errar Handling
Configure, .. | ¥ |
recently accessed
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LabVIEW - Blank vi

Two windows appear -

Block Diagram’ & Front Panel’
B unied 4ockDiogram = Y

File Edit Operate Tools Browse ‘Window Help

[>[&@] @ [n][@][ba]@]or [ 120t appication Font |~ |[5c][a~ ] [£5~]
2l

5 Untited 4Frontpanel e B

File Edit Operate Tools Browse Window Help

[ [&@] @[] [ 13pt Dialog Font BB RN
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LabVIEW - Front Panel

Right mouse click to open important Controls’ palette

=l Untitled 4 Front Panel =10l x|
File Edit Operate Tools Browse ‘Window Help @
&[] @@ [ 13pt Dialog Font B RS 0
B
oI Contrals (L, search '
1] » 3 LM:
il
s | [
afi i ) e,
Fum CErls Buttons Texk Chrls User Ctrls
c b b 3 *
o %
Mum Inds LED= Text Inds Graph Inds &l Conkrols
-
K1 o[

These include graphical controls, knobs, sliders, text boxes,LEDs,
switches, and other specialty items
NOTE: Sub-categories may be available for each layer
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LabVIEW- Block Diagram

Right mouse click to open important Functions’ palette

IE>! Untitled 4 Block Diagram

=10l I

.

File Edit Operate Tools Browse ‘Window Help

= |{§}I @IE ||IH:I||E’|I:Iﬂ | 13pt Application Font | = ” :mv”TD:vl |f§'jvl

«—HFunctions

g Search]
% o 8 m
Ao =+ mei
Input Analysis Cukpuk Iser Libraries
[ [ [
3 . &
Edl 7] B8 e

Exec Chrl ArithiCompare Sig Manip

Kl v[ 4

&l Functions

These include acquisition tools, signal analysis, output devices,
programming tools, arithmetic operators, and other processing tools
NOTE: Sub-categories may be available for each layer
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LabVIEW - HELP - Exists in several forms

HELP -> Show Context HELP

sl Untitled 5 Block Diagram * O] x|
File Edit Operate Tools Browse Window Help
D[] O[n][2] o] @7 [ 130t application Font |~ ][5+ ][ T~ | [£5 =
4l
_iojx
]
To get helpful information about a node,
rmove the cursor onto it
zj :[%—m
Add
-
vl
w
K1 o[ 4

Window reports general use characteristics for
each icon the mouse passes over
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LabVIEW - HELP - Exists in several forms

WINDOWS -> Show Tools Palette

[Es! Untitled 5 Block Diagram *

=10l |

o Ctri+E m’tgﬁ_.‘
[

File Edit Cperate Tools Browse JRNgsscs

Show Front Panel

Showe Mavigation Window  Cerl4+-Shife+M
Shows Functions Paletke

Chrl+HL

Shows Error Lisk

Tile Left and Right Chel+T

Tile Up and Diown

o Untitled 5 Elock Diagram *

% / Urtitled 5 Fronk Panel *
k4

bl

Extremely useful panel for assigning a specific tool
function to the mouse.
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LabVIEW - HELP - Exists in several forms

iE>! Untitled 5 Front Panel * =10 x|
HELP - ) File Edit Cperate Tools Browse indow ||ﬁ|
=53 I@I @IE‘ | 13pt Dialog Fonk  Show Context Help kel

YT, Function, & How-To Help. ..
Search the LabYIEW Bookshelf. ..
Help Far: This YT

Vl‘ Find Examples. ..
P YWeb Resources, .,
func f,’o n About DSC Module. .

IMAC Mision For LabYIEW Help. ..

LabYIEW DSP Test Intearation Toalkit Help. ..
& how fo LabivIEW Debugaing MWarkbench For RTDE(Em) Communication Help
Math Inkerface Toolkit Help. ..
Maodulation %I Reference Help. ..
MI Digital Mulkirmeters Help, ..
I Digikal Waveform Generator)anakvzer Help. ..
I Switches Help...
MI-HWS W1 Reference Help...
Fi,, d NI-IMAG VI Reference. ..

MI-Mation %I Help. ..

MI-SCOPE Y1 Reference Help. ..
examp/es MI-TClk Synchronization Help. ..

Search the DSC Module Bookshelf, .,
Taking an MI-DdQm: Measurement, .,

Patents. ..
Abouk LabyTEMW, ..

&

4] v[ 4
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LabVIEW - Tutorial (Getting Started)

Tutorial Name: Generate, Analyze, and Display’

EE New —I—I- g il
Creake new: Front panel preview Descripkion
~ Blank Y1 = 0 Use this template to generate a signal, ;I

I from Template analyze the signal, and display the result,

DAQ

IUse this template with the exercises in

Eetececck

Data Acquisition with NI-DACM. vi the Getting Started with LabyYIEW
Frameworks manual,
- Dialog (Base Package) Mote: YIS created from this template wil

hawve automatic error handiing enabled by

- Dialog Using Events
default,

- Single Loop Application

- SubWI with Error Handling
- Top Level Application Using Events
: Design Patkerns

Master/Slave Design Pattern
ProduceriCaonsurmer Design Pattern (D Block diagram preview
ProducerfConsumer Design Pattern (B
Queued Message Handler

Standard State Machine

User Interface Event Handler
Instrument 10 (GPIE)

-+ Read and Display

- Report

Sirmulated

- fzenerate and Display

- Load from File and Display ’ E'

B Tutorial {Getting Started) e
Generate, Analyze, and Display

- Generate and Display

- Other Document Types -
1] | » ;I

Browse For Template. .. |

£ Small dialog
OF I Cancel | Help |

¥ Large dialog
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LabVIEW - Starting Front Panel

Front Panel has a display for output

iE Generate, Analyze, and Display [Untitled] Fronkt P - | I:Ilﬂ
File Edit Operate Tools Browse ‘Window Help @}
= l@l ICJIIE | 13pk Dialog Fonk |+ ”;mv ||.’|j:v||ﬁv | |f§'lv| —
Plot 0 [ B
10.0-
7.5-
5.0-
& 25-
=
5 0.0+
=
< -25-
'S.D —
=75
-10.0- [ [ I I I
0.0E+0 2.0E4+1 4.0E+1 6&.0E+1 B8.0E+1 1.0E4+2
Tirne:
RMS
'|EI STOP
-
4 | B
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LabVIEW - Starting Block Diagram

Block Diagram illustrates how system is assembled.

EE Generate, Analyze, and Display [Untitled] Block Diagram *

_{ol x|

File Edit ©perate Tools Browse ‘Window Help
= @E||.,u||5'|uj} [ 13pt Application Font |~ | [ |[7aa~] [£5+]

[

This template is intended For use with the Getting Started manual.
1. Configure the Simulate Signal Express Y1 by double-clicking it.

2. Configure the Amplitude and Level Measurements Express Y1 by double-clicking it,
Moke that vou can also add many more kinds of analysis by using the Express YIs in the Signal Analysis palette,

H aveform Graph

Sirmulate Signal =
Sine oE

i == B

:

(3 H
Amplitude and
Lewvel
Measurements

Signals
RMS

i

Kl | o[
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LabVIEW - Tutorial (Getting Started)

Relationship between Block Diagram and Front Panel

=10 x|
\

EE Generate, Analyze, and Display [Untitled] Block Diagram *

File Edit Operate Tools Browse Window Help

©[m][@][wal@]ot [ 130t Appication Fort |~ 7]

a] [$5~]

This kemplate is inkended for use with the Getting Started manual.

1. Configure the Simulate Signal Express VI by double-clicking it.
2. Configure the Amplitude and Level Measurements Express VI by double-clicking it.
Moke that vou can also add many more kinds of analysis by using the Express ¥Is in the Signal Analysis palette,

'aveform Graph

EE Generate, Analyze, and Display [Untitled] Front Panel * - |EI|1|
File Edit Operate Tools Browse Window Help @
> [=] ©|E|13pt Dialog Font [~{[3=~] ru:v”ﬁ'i =
Ploc 0 | B
10.0 —_—
739 i
s ¥
=0 amplitude and 5t
n 25 Level
-] | z1or
=
£ - MeaSL_lrements
= Signals
-2.5- RMS _____ —
5.0
-7.5-
-
100 I I I I I
0.0E+0 2.0E+1 4.0E+1 6.0E+1 S.0E+1  1.0E+2 l
Time I v oz
RM3
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LabVIEW - Simulate Signal

A sine signal
is generated
using

Simulate
Signal

,

L3 (3
Simulate Signal
Sine ¥

Double click
for properties

i*! Configure Simulate Signal [Simulate Signal]

— Signal — Result Preview
Signal bype 1.3+
|Sine j s & {\
H i
Frequency (Hz) Fhase (deq) $‘ 1£ ff *; f ti t{
[10 0 £ 05 § 1 S8
= 1
Amplitude Offset Dby cycle (%) = ¥$ t} 1¥ ti % %
f1 0.2 50 = i} ; ] L]
- A 1 %
[ add noise O V J g
Moise type -1-) |
Lniform White Moise - a 0.499023
Time:
Maoise amplitude Seed number Trials
0.6 il 1 — Time Stamps
& Relative ko skart of measurement
— Timing ~ )
Absolute (date and
Samples per second (Hz) EElllEs (i e i)
Imz4 % Simulate acquisitian timing — Reset Signal
Mumber of samples " Run as Fast as possible " Reset phase, seed, and time stamps
|512 3 [ Aukomatic & Use continuous generation
[~ Integer number of cycles — Signal Name
Actual number of samples [v Use signal bype name
wie Signal name
Actual Frequency ISine
10
(04 | Cancel | Help |

Sine at 10 Hz with 1 volt peak and offset at 0.25
Sampling 1024 samples per second and 512 samples
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LabVIEW - Amplitude and Level Measurements

Sl:g”als ca” be — Amplitude Measurements — — Input Signal il
interrogated o :
belfuts ol
I sl inom s ||H|“‘|||| ”'||||| \‘ |H| ‘II
. era%imumpeak %DE_ H |||||| |||||“H H
AmP//lmde e o “ i ‘h I ‘h il l‘ 1kl
[~ Cycle average _1'5_6 . 2 a. 4 0. 6 o, 8 1I
Le Ve Measureme” r [~ Cycle RMS Time
’ | S — I ES:_ EEEEE W
:mpliLt;j; aﬂtd 3 H\ (\ H]‘I {1 ||| 'H‘I“ “{ ri ﬂ[ '|| ‘”[
“H“u"‘f”ll“"” "|'|\||H'||H'
RMS 1+ l||ll | L||H||“‘|]||J||I‘
Doub/e c/l’ck _2_0' 0z 04 06 08 {
for properties e

Measurements of DC, RMS, peak, etfc can be obtained
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LabVIEW - Amplitude and Level Measurements

Operators Indicators
These have eeoncatl | Are used to
Se/eCfab/e [ SimuIaFe Signal ’ i expaf'f
elements output to the
based on | front panel
de s ir'e d .ﬁ.mplli_t:j; and
paramefters P Sinals
of interest
Many tools available
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LabVIEW - Amplitude and Level Measurements

As items are added to each of the Functions,
Indicators and Controls, these selected items will
appear in the Front Panel and/or Block Diagram.

These need to be wired into the diagram and
initial parameters identified.
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LabVIEW - Amplitude and Level Measurements

Controls

These have |ag| =
selectable
elements

used for "
changing
paramefters

of interest |

O
100 200 300 400 500

5
4 5 8
gy 7

y

Operators

These have

: Simulate Signal ’ Se/ecrable

Sine

elements

based on

wsd | desired

Measurements

w | parameters

of interest

You can change the data range of the control by
right-clicking on control and selecting Properties’.
Adjust Data Range’ and Scale’ tabs.

Many tools available
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LabVIEW - Amplitude and Level Measurements

Add several features such as
Input Box for DC offset of sine wave
Dial for Freguency Controls

Slider for Amplitude
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LabVIEW - Amplitude and Level Measurements

Select another output parameter such as DC

Notice RMS is already hooked up but DC needss to
be attached to some output devic

*
F
Amplitude and
Lewvel
Measurements i 1.23)
+ Signals
RMS He
Mean (DC] Mo
ks (1,23

Yisible Ikems

Help

Description and Tip...
Set Breakpaink

Select InputiCutput
Insert InpukiCukput
Remove Cubpuk
Signal Analysis Palette
Waveform Palette

Replace

Cpen Fronk Panel

Size To Text
Yiew As Ioon

Properties

Zanstant
Conkral
Graph Indicatar

%! Generate, Analyze, and Displa ntitled] Fro

File Edit se  Window Help

|:{>|{§}| @@ | 13pk: Didlog Font

I =0 = [ | |

=10l x|
i

=

10,0+
7.5-
5.0-
25
0.0~
25

Amplitude

5.0-
75—
-10,0-

Time
RM3
‘|D

Mean (D)
1]

-

Ploco |

| | | | | |
0.0E+0 2.0E+1 4.0E+1 6.0E+1 G.0E+1 1.0E+2

STOR

4]
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LabVIEW - Amplitude and Level Measurements

Create a dial to change freguency.

Expand the simulate signal VI by clicking and
dragging the gray arrow on the bottom of the icon.

EE Generate, Analyze, and Display [ TutorialGend - |EI|£|

Crea re con fro, Eile Edit Operate Tools Browse ‘Window Help @
|':'1> |{§}| |©I|E| | 13pt application Font |« ” !mv"‘:"]:v”ﬁvl |f§"|vi
]

YWisible Ikems » Pt R
Help 10.0-
Description and Tip. .. 75—
Set Ereakpoint :2 -
Select InpukfOutpuk 3 simulate Signal EL 0.0~
Insert ImpukfOukpuk Sine l EE .

Rermove Cubput error ouk ¥

-7.5-]

‘ Frequency}

reLenc . -10.0 -} ] i i i i
3 FEFTOr in {no error) D.OE+D Z0OE+L 4.0E+] B.OE+HD BOE+HL L.OE+2
4 — B [RE] v Time
4

Replace Canskant ¢
" RMS
; : |
Cipen Fronk Panel Indicatar b Reset Signal 2

Size To Text 0
Wigw As Icon \
\Frequency

Properties L b
g Bl -

Signal Analysis Palette
Waveform Palette
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LabVIEW - Amplitude and Level Measurements

Create a dial to change freguency.

To change to a dial, right-click on control and:

Yisible Tkems 3
Find Terminal
hange ko Indicakar

Wismasy  Can change

A J° range, scale,

Description and Tip... 10 rec,:sio”
Creake [ 3 p s
Diata Operations b B 3 m efc. by
Advanced 3 i_:?"mk'_' I't i Fdl , hr /‘ k 7
HIMI Yizard. .. Murm Ckrls Buttons User Ckrls rlg - c Ic I”g
=l o 2 on dial, and
‘ o %ﬁ ’
E;p;ep\s::;tlir::n 4 Mum Inds LEDs araph Inds &ll Controls Se/eCflhg
Format & Precision. .. ” " ’
p———— [r— R B o
Propetties f122 o5 1w ii ::. propef'f/es
Purn CErl Fill Slide Pointer Slide Fill Slide Pointer Slide
g g
¥l e
2. &
kKnob Diial Color Box
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LabVIEW - Amplitude and Level Measurements

Create a slider to change amplitude.

Follow the previous steps for creating a dial, only
this time do it for the amplitude property of the
simulate signal VI,

Also select Pointer Slide’ instead of Dial’

n . can change
8 L 4 5 10 zi E:I ra”ge/ Sca/el

fum Cerl Fill Slide Fainter Slide Fill Slide Painter Slide

Wb ok precision, efc. by
Knob Dijal Colar Box rl:ghr-"ll.c.kl.ng 0”
slider, and
Amplitude

Lassss selecting

properties
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LabVIEW - FFT Express VI

Now the time signal can be converted to the
frequency domain using the Spectral Measurements

Block’
It can by found in:

o—FUFunCtions L Search_' =10Signal Analysis
% = %" st = == 4 ]
LU = | M
Inpuk Analysis Cukput Iser Libraries Spectral Diskarkion Tone
g Ext . ¥ :[;! = [ [
@ [ & EqE %@ [T i L
Exec Chrl arith/Compare Sig Manip All Functions amp & Level Timing-Trans Zurve Fit
- Vi ;)
FAN Ay .,
X | L) |
Filker Skakiskics Cony & Corr
i Tt L,
Simulate Sig Mask & Limit Histogranm
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LabVIEW - FFT Express VI

A parameter window will appear once VI is placed
on wire diagram. Here you can set desired output
formats, windows, averages, efc.

EE Configure Spectral Measurements [Spectral Measurements] 1'
— Spectral Measurement — Wind d Input Signal
" Magnitude (pezk) Result | A ]
. 4 | L R
{8 Magnitude (RMS) € Linear =z i ||||||||||I||I ||||'||||'||I|||||' ||||||||||||
€ Power spectrum & 45 E D— | i|l|||'i|li|||||ii| ||||||
€ Power spectral density E |||||||||||||||| |||||||||||||||| ||||||||
- 1-RRRE || | || | || | || | || I || ! || I || |
— Wind -1.513454 -8 ' ' ' ' 1
a o o o
] '\Ione ;I Time
i g — ¥ Averaging i
Spectral ' Mode
Measurerments o
ectar
k Sigrals @& RMS
FFT - I:RMSII ¥ ¢ Peak hold
Phase r . -100-
_:'E_'ght'"g Number of Averages 0 S50 100 150 200 250 300 350 400 450 SO0
® Linear I 3‘ Frequency
¢ Exponential 1 —
— Phase Result Preview
— Produce Spectrum 4
{& Every iteration ~ a
€ Only when averaging complete E 0-
o
£ -
— Phase =
[~ Unwrap phase -4 [ I I ] I I I I I I
0 S0 100 150 200 250 300 350 400 450 S00
[~ Corwvert to degree Frequency
oK | Cancel | Help |
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LabVIEW - FFT Express VI

Wire in the signal to be analyzed, and wire out
graph indicators to display amplitude and phase.

]EFFT

Spectral
. . MeasUremerts FFT - (RMS)
From Simulate S/gna/ e | =  Signals

i

FFT - (RM3)

Phase "E

n
=
o
[n)
a1}

i
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LabVIEW - FFT Express VI

The resulting front panel display is:

EE Generate, Analyze, and Display [TutorialGenAnalyzeDisp 2.¥i] Front Panel *

File Edit Operate Tools Browse Window Help

|E‘> i@i @ | 13pt Application Font |« ” o ||7|]:v ||ﬁv |

Floto [ FFT - (RMS) Fioc o R

10.0 -
7.5
5.0+
2.5+

Amplitude

0.0+
2.5-
5.0-
-7.5-

Amplitude

] ]
40 &0
Frequency

-10.0-1 '

1 1 1 1
0.0E+0 2.0E+1 4.0E+1 6.0E+1 8.0E+1 1.0E+2
Time
RMS Phase Ploc o [
o STOP
Mean (DC)
i
o
=)
4 & : =
Wy, Frequency Amplitude E,_
4 v ] I
m '_ R
2 g o 2 4 6 & 10 E
P “
1] 10

1 1
40 60
Frequency

np
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LabVIEW - Task to be performed

Start a new VI and generate a sine wave with
both amplitude and frequency input controls - take
the FFT of the sine wave (select the sine wave to
satisfy the periodicity requirements of the Fourier
Transform)

Generate harmonics of that sine wave to ultimately
form a representation of a square wave in both
the time and frequency domain

Create a square wave that represents the true
time and frequency of the signal for comparison

(Here are a few extra things you'll need to know)
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LabVIEW - Extras - While Loop

In order to have a program that will continue
running and stop when a stop button’ is pressed, a
while loop can be used.

s—IUFunctions g Search I

Excecution Control

B o B &

Inpuk analysis Cukpuk I=er Libraries

E

@’ x| — Qiz!|

o—HIExecution Control

Exec Chrl

ool | L[
withile Loop Flat Sequence  Case Skructure

B [

Timne Delay Elapsed Time

Note: Unless in emergency situations, never use the abort ran "
Always program in a stop button’. g | (2> il
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LabVIEW - Extras - Summing Signals

In order to sum signals together:

- Make sure each signal has the same
number of samples

- Limited to only adding to signals
together at a time

o=UHIFLInCLionS q S 1
- - .;.—D:uExpress Murnetric L
> e o—Llnrithmetic & Comparison
i
1=
Input finalysis /7 I> |> =
@" =z 7 |
n Add Subkrack 0 ’
I Formula Scale & Map i < Add BIOCk
Exec Chrl arithCompare 1z2] * » I} |>
A
I}'} Increment Decrement
Mumeric Boolean (|
Absoluts Yalue ~ Round Rof
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LabVIEW - Extras - Manipulating Multiple Signals

In order to run multiple signals through a VI (FFT,
Waveform Graph..) signals must be run through a

merge block.

+—* Merge Block’

The block can be resized to allow for more than
two signals

o—1HFunctions Q search 1 +—1U5ignal Manipulation
ey = | mw SR
b = W — .
Input Ainalysis Output Ussrr (Lisrarims Merge Signals Split Signals Select Signals
[ 9 [ . :[y ey "h\u\h,\
= I & e -9 — ﬁ o=
Exec Ckrl ArithfCompare Sig Manip Al Functions Align & Resamp Collector Sample Comp
A (A &
Trigger & Gate Relay Append Signals
b :;.r
N S 7 7 A o
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LabVIEW - Task to be performed

Generate a low pass filter (15" order Butterworth)
and apply it to your square wave approximation.
You may want to investigate higher order filters as

well.

Select a cutoff frequency (that is variable via a
control) to filter the higher freguencies of the
summed Fourier series of sine waves.

Modify the low pass filter to make it a band pass
filter for viewing tight bands around each sine
wave that makes up the terms of the Fourier
series. Note the effects of the filter on both the
time and freguency signals.

(Here are a few extra things you'll need to know)
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LabVIEW - Extras - Filter block

Filtering of input signals can be done by using the
Filter Block’ found in:

o—1EJFunCtions g Search I

Signal Analysis
i ¥ F
N i g

s—1=05ignal Analysis

Input
4 b
== ]
Bl |r&] | |7

b
Exec Ctrl ArithfCompare Spectral Diskorkion Tone
i ln |

- s
i) e [ IE
Filker I Skatiskics Co

w2 C
i A L,

Simulate Sig Mask, & Limnit Hiskogram
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LabVIEW - Extras - Filter block

A parameter window will appear once VI is placed
on wire diagram. Here you can set desired filter

type, cutoff fregquencies, topologies, efc.

=
— Filtering Type Input Signal
1.5
[owpass =] B oot
g 0.5
— Filter Specifications — = I L L
£ 0.5 !
Cutoff Frequency (Hz) .8
: -1.5 1 1 1
High cutoff frequency (Hz) : i mz 03
[ [ﬂ ¥ € Finite impulse response (FIR) filker Res:lll;?review
i Taps 1— 7
Fl.ltEr 23 &z 0.5— ||F| I{-| ﬂ Ir] |ﬂ| |r| ﬂ ﬂ
+ Slgnal & Infinite impulse response: (TIR) filker % o ‘ | | | | ‘ ‘ ‘ ‘ ‘ ‘ | | | | | |
, : 205 ERVRRRURARY '\J |
Filkered Signal ropsloay 4 - -
t th - 157 ] i i
F rrrrr _I 1] 0.1 0.2 0.3
Crder i
I1 3: — yieyPhase of the Filter Response]
@ Signals [~ Show as spectrum
£ Transl fer Function
Scale Mod
gnitude in d
Frequency in log
| CCCCC | | Ip
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