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Lab 2 Notes: Introduction To Labview

*What is LabVIEW®?
LabVIEW® is a software product produced by National Instruments®.

-~ It incorporates a graphical user interface (GUI) programming
environment to produce programs that mimic laboratory instruments.

- LabVIEW is programmed with set of icons that represents
controls and functions, available in the menu of the software.
Such a programming is called visual programming and
National Instruments calls it G.

- These programs are called Virtual Instruments (V1) because they
imitate real benchtop instruments.

-- The user interface which 1s called a vi consists
of two parts- a front panel and a diagram .
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LabVIEW® Front Panel

The Front Panel of the VI looks similar to a front panel

of a real instrument.

Front panel is used for a input, output controls like a real instrument

Using the mouse, you will move the cursor around the screen to
operate switches, dials, and buttons on the VI just as if it

were a real instrument.

Temperalre Syskern Deme |

a.o-

1 I 1 i
ES0 TO.0 S0 =00 230 w0 500

Can configure a vi to include functions
and graphs that are fully customizable.

In an example shown, temperature

monitoring system consists of data acquisition
from a thermometer and plotting on a strip
chart recorder.

The vi also calculates mean
and standard deviation of the data.

Alarms have been set up so that if the
temperature falls below or above a certain
set value the alarm goes ON. 2
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LabVIEW® Block Diagram
-- The diagram of the VI is analogous to the electronics of an
actual instrument, I.e. the circuit board.

-- Diagram is where the VI functionality 1s programmed

-- The diagram of such a vi can look very complex, and the
key 1s using good programming practices to insure that
your code 1s “debuggable”

Tampsaire Sustam Danrd Okeyam
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Demo: Creating our first Vi
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Block Diagram Window

Untitled 2 Block Diagram *
File Edit View Project Operate Teols
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LabVIEW €Environment

File Edit View Project Operate Tools & File Edit View Project Operate Tools Window &
> =
~

{3 Sice Bamplevi lglm 3 Side Bamplevi Block Diagram e ) e |

D] [@[n][@][25] va 7 or

<W> Server: localhost <

What is the front panel used for? What is the block diagram used for?

What are the inputs and outputs called? How does data travel on the block diagram?
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Often LabVIEW is used to perform system simulations, since it contains many
commonly used filter, digital signal processing, and statistical functions. LabVIEW
compiles almost as fast as C or Matlab and therefore one can perform complete
simulation within a vi.

* In addition to data input output, LabVIEW can access digital devices like serial
ports, parallel ports and GPIB cards to read data from instruments that have a GPIB
interface.

» As you can see, the possibilities of "virtual instrument”
are almost limitless and they expand the measurement
Capabilities of any system immensely

» Example applications

Space shuttle ET hydrogen senor real time monitor
X-43 Launch Panel Operator Situational Awareness Display Development
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Labview Data Acqu1s1t10n

“Modern” NI data acquisition 1s mechanized using
NI-DAQmx drivers

“Best friend” here is the DAQ Assistant .. It helps to set up
a particular NI device for data acquisition

 DAQ Assistant GUI for interactively creating, editing, and
running NI-DAQmx virtual channels and tasks.

 NI-DAQmx virtual channel consists of a physical channel on
a DAQ device and the configuration information for this
physical channel, such as input range and custom scaling.

 NI-DAQmx task is a collection of virtual channels, timing
and triggering information, and other properties regarding
the acquisition or generation.
MAE 3340 INSTRUMENTATION SYSTEMS 5
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Labview Data Acquisition ¢

File Edit View

O[]z wal=]o

Project Operate Tools Window Help

Finding DAQ Assistant
—_—

NATIONAL
INSTRUMENTS™

13pt App Measurement [0

L DAQmMx - Data Acquisition

DL e

Create New Express Task...

NI-DAQ

DAQ Assistant

Selecta V...

b2

F Programming % v
P Measurement IO o] | ; o
i[H  Acquire Signals
b Instrument 1O Salect the measuremeant type for the
ns / ol | task. Generate Signals
¥ Vision and Motion {m { A task is a collection of one or more virtual
channels with timing, triggering, and other
P Mathematics = [ properties.
. . -ﬁ JL To have multiole messurement tvpes
4 Slgnal PFDCESSH-'Q within & single task, you must first create
. . = the task with one measurement type. After
P Data Communication i ) you create the task, click the Add
T Channels button to 2dd 2 new
[ ] CDI'II'IEEt"r'It'!." Y measurement type to the task.
= ™
F  Control Design & Simulation DAQ Assistant
-
*  SignalExpress
¥ Instrument IjO
»  Vision and Mation
P Ewpress
b Mathematics
P Addons
) »  Signal Processin
P Favorites g g
o b Data Communication
B User Libraries — <Back || Mest> | | Firish
i P Connectivity
Selecta VL.,
A #  Control Design & Simulation
w SignalExpress
b Express
»  Addons
b Favorites
b User Libraries




Create New Express Task...

NI-DAQ

DAQ Assistant
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Selact the measurement type for the task.

A task is a collection of one or more virtual channels
with timing. triggering. and other properties.

To have multiple measurement types within a single
task,. you must first create the task with one
measurement type. After you create the task, click the
Add Channels button to add a new measurement type
to the task.

= Acquire Signals

= Analog Input
Yoltage
Temperature
Strain
Current
Resistance

Frequency

=T i I SR

Position
ﬂ Acceleration
@v Custom Voltage with Excitation
ﬁ Sound Pressure

Courter Input

Digital Input

i TEDS

Generate Signals

Labview Data Acquisition g,

S Physical

Supported Physical Channels

Engrneering

Dev4 (USB-6003)

aid
ail
aid
ai3
a4
ais
=1L
a7

[

[E:4

<Ctrl= ar <5Shift> dick to select multiple channels,

< Back || Mext = Finizh
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L b 1 D t A 1 .t.
Configuration | Triggering " Advanced Timing |
Channel Settings
(+][%][5] petzis | ||| Voltage Input Setup
Setﬁngs |
Voltage_0
Signal Input Range
Scaled Units
| Yolts w
Configuration | Triggering || Advanced Timing |
Terminal Configuration Channel Settings
i ; = =
Click the Add Channels buttan | Differental (B[] oems[»]* Vokage Input Setup
l:f?.-:rl fo 30d more channels fo Custom Scaling Voltage Settings ‘
the task. [ <wosae
W Signal Input Range
= Scaled Units
Max 50m
R | Valts v
Configuration | Triggering " Advanced Timing | Rate (H2) Min -50m
Channel Settings
|£| H‘a‘eDefa.ok- Order Em;sniﬁzll ‘II:EE:ECE °

Dev4{ai0 USB-6009
Valtage_0 1 Devd/ail USB-5009
v
Timing Settings
Acquisition Mode Samples to Read Rate (Hz)
N Samples e | | 1k | | 1k |

V'STEMS

Click the Add Channels button
(+} to add mare channels fo

Terminal Configuration

Differential v |

Custom Scaling

fe task. | <Mo Scale> v | f,@
)
Timing Settings
Acquisition Mode Samples to Read Rate (Hz)
M Samples L ik | ik
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Labview Data Acquisition
press Task | # Connection Diagram | Eeack | = a]

|

Measuring Voltage

Set DAQ ranges e Most measurement

I 1 1 1 I I I I I I I 1 1 1 I I devices are designed

70 B0 90 100 110 120130 140 150 1580 170 130 190 200 |- for measuring. or

= reading, voltage. Two
common voltage
measurements are DOC

and AC.

Amplitude
L]
|

'
[
|

=
=
[
=
]
=]
He
Ln
=]
=]
=

Configuration | Triggering || Advanced Timing |

OC waltages are useful
for measuring
phenomena that
change slowly with time,
such as temperature,
pressure, or strain.

Channel Settings

Settings /' 4 Calibration |

Signal Input Range AC woltages. on the

Scaled Units other hand. ars
Max waveforms that
| Valts W constantly increase,

Min decrease, and reverse

polarity. Most
powerlines deliver 2C
voltage.

| Erenis W |

Clich the Add Channels button

{+} fo add more channels fo Custom Scaling \\ I-E oA

e fask. | <Ma Scale = b |/®

= \
9 Click to add new virtual

“~channels to the task.
Timing Settings Additicnal virtual
Acquisition Mode Samples to Read Rate (Hz) channels can be of a

different measurement

| M Samples hd | 100 | | 1k | type or of the same
measurement type as
the original task.

We’ll set these on front panel
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Example VI Read a Load Cells and Plots Data

WDT Get Waveform Time Array DBL.vi

Sequence
frame

While
Loop

Sample Rate

It processzes voltages read from the load cell to the graph. | waveform in

g

bt

Flot Buffer size

Sample Display
Thin factor

X array

errar in {no errar)

error out

Creates an array of waveform time stamps. Each
element in the array is the time stamp for each data
value in the waveform, Wire data to the waveform

o o o o

Mumber of Samples

Empty Array

@—L

s

oo, ~pl 0000000000000 000d

b1t

Current Value Frame 0 acq

DAQ Assistant

L=l R &

data ¥
error out ’
stopped H
task out ¥
¥ aBreor in

r rate

L

rnurmber of sample

3

L stop (F)

L

fizs1

-1 Nsamples

in input to determine the polymorphic instance to use
A—— e anully select the instance.

Split Signals

signal 1
combined signal signial 2

signal 3
Splits twa or more signals into component signals.
Resize the function to add outputs,

ML AR 4 O BV LIV AL ANV IVAE/I N A LA A ALY AD AAND A A IVELD

Oooo0ooooog

OO ooo

O00O00000000000000000000

H;




UtahState e hanicsladienospace,
UNIVERSITY Eengmnmeering

Example VI Read a Load Cells and Plots Data ()

Sample Display I‘
Thin factor
Flot Buffer size
get_sec_midnite.vi s

([ ] ik l

TOOMOCOCO O OO0 000001 ;g 4 ~plOO0OrL midnite Time from midnight

= get time tag5|

M [}

Frame 1
Get time tqg

Mumber of Samples

EEFL
rag . (T
stop (F) 2] @
................................... r E;
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ATIT=T R |
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Example VI Read a Load Cells and Plots Data ¢

thin_array.vi

Input array = thin
1 thin factor = |array

Flot Buffer size
==

= Qutput Array

OO0 O0O0000 ly 2'|:|IfTEDDDDDDDDDDDDDDDDD

H
L ok .

o Ji ) Frame 2 |

o oz lget channel 1 data|

“Insert
Into
array”

(19 S h l’ﬁt
register”

Mumber of Samples

Converts the dynamic data type to

] numeric, Boolean, waveform, and array = [#]
----------------------------------- data types for use with other VIs and

functions.

|:||:||:||:||:||:||:||:|T|:|ln|:||:|nnnnnnnnnnnnnnnnnnnnnnnn
ATIT=T R |

H, TDBL)
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Example VI Read a Load Cells and Plots Data

Plot Buffer size —_"
&7
TOoMoOoOoO0 |:||:||:||:||:||:||:||:|l..3[|:,.fvtunnnnnnnnnnnnnnnn
| |
5 G
|' buffer WY Graph 2
[+]
Mumber of Samples Fl"ame 3
(132}
Set Buffer Size
| buffer
Plotdata | |
1
stop (F) s
................................... | )
bs |:||:||:||:||:||:||:||:|TD_]:|:||:|DDDDDDDDDDDDDDDDDDDDDDDD =
[i] JOEL)
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Labview Programming Tips

* Labview is a Object Oriented
Programming Language .. Computational
sequence is Data Driven

 Each Object can work by itself or as a
stand alone

e Calculations are passed from one linked
object To another to build truly complex
programs

MAE 3340 INSTRUMENTATION SYSTEMS 14
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Passing data from 1 V7 to Another
. “connector”
eoe6 I8 Year_to_day.vi Front Panel
> || [@)] 0] [ 140t Times New Roman |~ || 2 ||~ ||t~ | |69 | D

o_day.vi Front Pgufel

' [ @] 1] | 14pt Times New Roman |/|’| [ J| ||ﬁv+rc§;v
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Function and Controls Palettes

Functions \El Cantrols
| (&, Search l &l Custormize™ ' | &4 Search | 2 Customize- |
P Praarzmiming v Madam
» 1 ¥ ¥ abe) * -
Measurement [/O J 123] f‘ﬂ [Pathl ":I.."? iﬂ&
» Instrument /'O Murmeric Boolean String & Path % & {ﬂ'?
P Mathematics 4 ’ a k E
d E] .
¥ Signal Processing [=] ] fe i @ HFF ﬁgﬁ
v Express Array, Matrix... List,Table & ... Graph ——
? el 3 L
% | = @’ ] B
= Ring & Enum  Containers /o
Input Signal Analysis Output o ¢ oA @ K
o » - od Tools Palette:
!F! @ I = Variant & Cl...  Decorations Refnum
SigManip  Exec Control  Arith & Com... b System View >> Tools Palette
b Addons b Classic
»
» Favorites Express
b User Librar b Addons
ser Lioranes b User Controls
Select a V.. Select a Control...

Use the “Search” buttons
~ - At the top of the palettes
“" to find functions and controls

Functions Palette: Controls Palette:

Found on Block Diagram Found on Front Panel

’9 €Envis€ng
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Labview for Dummies(1)
* http://www.iit.edu/~labview/Dummies. html

Functions Pallett Execution bar

Engrneering

File Edit Operate Proect Windows Help

215 @) [P Bl [ s ] [fos] sl [
G l|cz[ecf] | Tools Pallet . Controls Pallet
;o 3 i | &, Search | 3=
= - g 1 Elh gr:} A - «—HAIl Controls i
HEMEI!EIE 20s 8 Al 7
TEIE E @ «Er f Num Ctrls | ]!_.“.F mﬂ' 115' User Ctrls
ii iil = k| c 1.23 Path | E— ]
"1‘*‘1"’ d | —_———— Num Inds = lﬂ Graph Inds  All Controls
Il ﬁT I El E 0 1
w7y ||| © 1SeY skalls: |5 (@, /
Sequence Frame | [31] A
k k k
Data Array | = Ea @
- Data Types == | [Re
Loops/Case i O
Clusters oo
Graphs mnsn’
MAE 3340 insT External VI’s W 17
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[Labview Functions

« Labview contains multiple intrinsic libraries that aid
with acquisition data display, processing, and analysis

Functions

| ™

s

MAE 3340 INSTRUMENTATION SYSTEMS
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« Example: Trigonometric
Functions

18
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[Labview Functions cona

Gengral

AMOYA| [AMOYA (| |AMHOYA

mMNational Instriments
|_‘|.
=
o
=
0
=

et
Irivetse i Irivetse
Dist Fhist|| Dist | |2 Dist
Faly Rat || 3pline filp_lﬂe m
Irderp (| Interp | [ Interpl | poinrd | | Toble

@Mational Instruments
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« Example: Statistical Analysis
Functions

==11- -
Lin=ar Fit Coeficients vi

» Example: Curve Fit Functions

19




Dataflow Programming

Which VI(s) will execute first? Which VI will execute last?
Analyze Data
’ L ] i
b i," 2 SN
DAQ Assistant Statiskics
data Signals Average Value
error ouk *ﬂa r Arithmetic Mean beessesereoedb 15L |
Error in (no error)
error ouk e
\Waweform Graph
& o |
L3
¥
' -
F : ¥
Simulate Signal Wirite To
Frequency aveform Graph| el e
Amplitude Signals
y Error in (no error)
Sine k ¢E :
¥ =t

’9 €nvis€ng wwenviseng.comau
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Sequence Frame

* A Sequence Frame, which looks like a piece of film, performs
an operation after one has been completed, say after acquiring the

data, analyze the data. To add a Sequence frame, right click on the :: g? O O O Allunctions |

frame and choose Add Frame After or Add Frame Before or mi

Duplicate Frame. They will be used in sequential order according '
to the numbering scheme on the top center. Many times you will o7
want the data from a previous frame to be used in a later sequence,
Add Sequence Local, where you can attach any wire to be brought
out in a later frame. An arrow will show the direction of data flow.
If you move a sequence local, it will move the same way in the

Other frames.
 Use of these structures 1s essential to keep code readable

Every VI shpuld have a main sequence in which all other
operations or nodes are embedded

MAE 3340 INSTRUMENTATION SYSTEMS

Engrneering

i

&, Search | 2

Structures

o]

123 "| 3 '|
«—HStructures

107 [F=

20
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Data Array

*Arrays are invaluable. Nearly every application will need them. You can define vectors
(a 1-D array) or matrices (a 2-D array) or a general N dimensional array, like tensors.

* Build Array Control * Build Array in Block Diagram
on Front Panel e Drag Control :m? 4 | Q@ search | o |
LY ) ) All Lontrols /indicator ;m?
| | 4 | <, Search | 3= /or V= Ee
/07 to array /o7 @ =
1 SOF
0 =— = 1 =]
1yl | e Arra ay a
o7 jr | 4@ [fe ' P =
/07 [z hlhlﬁlh T [é:}[:;}
o7 | 22 - .
07 ﬁinlfjj.—u:um'r'ay & Cluster / ' A{—li—
i/ O7 |oe— Numeric IU—: = -
Illn'El? Enurﬁ' I @ — o |D_' ,D_ =
| = ! ﬁ - o | Fd !
/07 |y —
' D e Dra ouE &aY
/07 g g [T o C 5 o | Sy
oz DA 2L E orner to o |
enlarge LR _

MAE 3340 INSTRUMENTATION SYSTEMS 1




Data Types

Boolean (on/off)

Integer

Floating Point

@

o]

Array of Floating Point ‘EO |

O €nvis€ng

]

L 5 e e
-

String (text)

Error Cluster

Dynamic

www.enviseng.com.au
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 Data Types represent how data are stored internally in the computer

4 Visible Items P
Find

1 0+0 Change to Control

Description and Tip... |

o

Create [ 2
Replace r
Data Operations [

132 |[ 116 |[ I® Advanced I

=1 n iE 0 T0

3z | [vis | [ us Representation b

1 1] 15 0 TN TR .

..... HEH e | it e | L cllal Pl e I
Format & Precision...

|

Drnmaortiac

MAE 3340 INSTRUMENTATION SYSTEMS

* Right click on control Or indicator
Representation ... choose Data type

DBL ... double precision real ... (waveform)
132 .... Double precision int (book keeping)
CDB ... Double precision complex (spectrum)

fl

INPUT WAVE Lata | E
{all ather wavefnrmel

!jg;‘ P |QSEath| o : i
o umeric__ | * Conversion pallet

/07
/07
o

"| -
[}: '_l_u:uN_IJmEI'IC

E ]

[=]=]
[
ad =]

v
LG ]
g

> > b EE

L
m|
-

> B b b

g
el

ez
T

i
il

0

iy

S
D\. lIh‘EI

@

10J

> B B>

0
HDEL] -_‘D:uf_'orwer'smr'u

y JSEL) JDBL] JEXT) ICSG) ICDBl JCXT)

0= o) B EW e

ok
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* ed Blo agra

Eile Edit View Project Operate Tools Window

IEI@I @ IEI IGIEI of E o Show Context Help Ctrl+H

Lock Context Help Cirl+8hift+L

Explain Error...
Investigate Internal Error...

Search the LabVIEW Help... Crl+?

Find Examples...
Find Instrument Drivers...
YWeb Resources. ..

IVI Class Driver Help...
MI MAX Configuration vI Reference...

Activate LabVIEW Components...

|A

Creates, edits, and runs tasks using NI-DAQmx. Refer to the MI-DAQmx Readme for a
complete listing of devices NI-DAQMX sUppaorts.

When you place this Express VI on the block diagram, the DAQ Assistant launches to
create a new task. After you create a task, you can double-click the DAQ Assiztant
Express VI to edit that task. For continuous measurement or generation, place a while
loop around the DAQ Assistant Express VI,

For continuous single-point input or output, the DAQ Assistant Express WI might not
provide optimal performance, Refer to the Cont Acg&Graph Voltage-Single Point
Optimization VI in examples\DAQmx\Analog IniMeasure Voltage.llb for an example of
technigues to create higher-performance, single-point 1/0 applications.

Detailed help

Patents...
About LabVIEW. ..
; C Context Help [x]
L3
: ﬁ , DAQ Assistant s
DAQ Assistant rate 8 L task out
data ¥ number of samples _I_—'.. |w
- fmeout l:.s:l ﬂ R : ¥ preencees grror out
‘ig':'rﬁ_'; DAQ Assistant
stop data ¢ data
e




Help

Context Help Window: Ctrl-H

Extract Single Tone Information.vi

Context Help

Extract Single Tone Information.vi

exported signals
time signal in M;‘@“ detected frequency
export signals = & — - detected amplitude
error in {no error) == B detected phase {deg)
adwanced search error out
measurement info

Takes a signal in, finds the single tone with the highest amplitude or
searches a specified frequency range, and returns the single kone
frequency, amplitude, and phase. The input signal can be real or
complex and single-channel or mulkichannel, Wire data to the time
signal in input to determine the polymorphic instance to use ar
manually select the instance,

Detailed help

[

[ %

€nvis€ng

LabVIEW Help: Help >> LabVIEW Help

0= B e o

Hide Locate Back Forward Options

Q:rrlerﬂsl Igdex| §53fd’1‘ Fa\rori_ies|

Type in the word(s) to search for:

A2y

Select topic

L.istTopics| | Display

Found: 500

Title

Get All Fault Configurations V1
Convert to Dynamic Data Express VI
Collect Boolean Amay Function Block
LabVIEW 2013 Features and Chan...
DAGmx Device Properties

Creating a Time-Triggered Shared V...
FlexRIO Host EEFROM Read Byte
Specifying a Limit Using 2 Formula
Amay Functions

Database Variant To Data Function
Reading and Writing |70 Variable C...
Motation and Maming Conventions
Mutti-Loop Cortrol (PID and Fuzzy L...
Butterworth Coefficients Express VI
Using Amays and Strings in the Call ...
Corfigure Vls and Cortrols Page (Im...
<

Location

Reference

Reference

Function Block Reference
Reference

NI-DAGMx Properties
Real-Time Module How-Ta
NI FlexRIC Help
Fundamentals

Reference:

Database Connectivity Too...
Concept

Reference

PID and Fuzzy Logic Toolk...
FPGA Module Reference
Concept

Reference

[X%1 Functions

Owning Palette: Programming WIs and Functions

Requires: Baze Development System. This topic might not match its
corresponding palette in LabVIEW depending on your operating system,
licensed product(s), and target.

Use the [ITE functions to create and manipulate EENE.
Example

Palette D ipti
Object escription

[Array] Use this constant to supply a constant Bl valus to the
Constant block diagram.

[ATEN_Max &|Returns the maximum and minimum values found in
Min ETTEM, along with the indexes for each value.

[T= Size  |Returns the number of elements in each dimension of
Y-

Array] Returns a portion of B34 starting at index and
Subset containing length elements.

ATE To Converts a W to a cluster of elements of the same
Cluster type as the | elements. Right-click the function and
select Cluster Size from the shortcut menu to set the
number of elements in the cluster.

Arrayvie] Converts anﬂ to a matrix of elements of the same
Matrix e as the i elements. Wire data to the Real 2D

& input to determine the polymorphic instance to use
or manually select the instance.

[[] Search previous results
Match similar words
[[] Search titles anty

Build T | Concatenates multiple Bl or appends elements to an
n-dimensional N

Cluster To | Conwverts a cluster of elements of the same data type to a
z /] 10D EEN of elements of the same data type.

Necimate Nivides the alements of FTTRI intn the nutnut FEemes.

www.enviseng.com.au
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Loops/Cases (1)
* Loops for, while ... similar to loops in FORTRAN and C++
—> For Loop
Everything in here @-BL;WES
Gets executed
o 1=0,1,...N ]

While Loop
Everything in here

Gets executed
While condition is
frue

g
[
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UNIVERSITY Engineering
Loops/Cases (1)
* Loops for, while ... similar to loops in FORTRAN and C++
—> For Loop
Everything in here @-BL;WES
Gets executed
o 1=0,1,...N ]

While Loop
Everything in here

Gets executed
While condition is
frue

g
[
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Loops/Cases (Input Indexing)

* Auto/manual indexing ... within for/while loop

Input indexing

Array]

H|EE=
[z
[ |

[u]=

“right click™

N —
I Enable Indexing

!autﬂ indexingl . Replace with Shift Register
L ]

Array Palette b
Create b

Disable Indexing
Replace with Shift Register
Express Numeric Palette P

Array Palette b

MAE 3340 INSTRUMENTATION SYSTEMS 25
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Loops/Cases (Output Indexing)

* Auto/manual indexing ... within for/while loop

Output indexing

“right click™

Aray2 || Enable Indexing

El Replace with Shift Reqgister
‘ _ Array Palette b

lauto mdexing I

MAE 3340 INSTRUMENTATION SYSTEMS

== (Create b
Visible Items b
Help

Description and Tip...

Array 3
l \ Set Breakpoint
FETL

Structures Palette b
J Auto Grow
. Replace with While Loop
Shlft Remove For Loop

register
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. Allog different data types to be grouped together
Wave Spectrum data

Controls pallet (control panel)
Iil-

o Woossarvor |

k

 Drag build
. Similar to

F Array control
JepecT

Cluster 2

0 |
0.999348

Cluster
0.997995




U“§?J‘E§%?¥$ 1 (fE.'?
Clusters (2 e

* Inserting Elements in a Cluster
Functions Pallet (block diagram)

-I'J!l.rr;.q.r EI—

i

On Control panel

Waveform Cluster 2|

=iC2a — o Waveform Cluster 2
—LC3 iR =
(oo ‘oo
0 | .
A_rra1.r3 _Ir b b o o
[i][122] [ A [0 | 0
__.‘:1 Ep E}. . (-

I3 % I% e @ _ [0 | .
ahf 34 '_U:u = [0 | 0 |
= | Cluster —

[}:} E :'H comp| [Sem _ _
ﬁ] Bl = | = IuEEEEGn Z -
kst [Tl e
] ] I =+ =] [+ =
*" wt| = [+ =
I d =
7= =
MAE 3340 ins158 "= EE ! le= 28
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» Extracting Elements from a Cluster

Array 4

]
[

fwaveform Cluster 2

C31

IMechanicSGdAe oS pIc ey

Engrneering

2
o}
-
=
m
-

"I

-
w

£l g
H

-1}
=
|-.-.-|:l:-
[ |
—+|ra

diagram)

I Cluster

W"’-‘f
o

=l (E &

= )| = E-:l-h- -t::me
EXAWN lEl — Eemn ] [Eem] |
AT [T ‘r. w4 =] (4| =
b , AEHIE IS
ﬁ- *"‘ m| =] [+ =
T S| —
Bt ! | s

7
7

tﬁ.rrav 5
Very good way to pass data ljﬁ i
from one frame to another

... makes for more readable code

MAE 3340 INSTRUMENTATIO

'DDDDDDEIEI.,‘ll[D ]_ITE“:‘DDDDDDD
oooooo0d o[o.1l - oooooo0d =

Array 9
[i][1=2T]

I ET]

[+]
]

Array 8

==~
=
P
N
L 1
———

OO0000000000000000000amo

O000000000000000000000
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Graphs (1)

« Most Valuable is X/Y Plot  Tlots X and Y vectors

| 4 |Q5&arch | ek

against each other

MAE 3340 INsTRi

|
._ — . IE
: Jﬁfﬁ & Waveform GRAPH|
: [[T=] * 3 i
I =4 ] 3
| EOlE==E
Ti o "
L} d;\-E
L @II": ﬁ! ¥ ARRAY
'l ] A[E=
. — N
1l Lol || -
[
oA
;I OO
el -
| = male . .
I [ 3
: = os-
=
<L o-

_I 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 B b6.5 7 7.5 -] 8.5 9 9.5 10
Time, sec
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Graphs (2)

e Multiple Plots on One graph

] 123 ] I'
@ B rEI
] - ] ]
=6 b | e |
b b v BOD Array
[}}[::}} IEI El 1 QSEarch o Y ARRA Waveform GRAPH|
=1 |E| k ‘_|123 i
ﬁ *-'I'-‘J' - -+ |—k|:lBIJ—
B b nMme @E}Im%@?m’aéﬂf%_ -T]
a5 *.]" | | | B+ . 14
E BTk ] r array
dijite | O — = r
*%. = B3 | Of clusters
L ey . | 99
oL L = f | = Of arrays

MAE 3340 INSTRUMENTATION SYSTEMS
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UNIVERSITY . . Engineering
Plotting Data Using Labview Arrays (1)
L-Aels) Untitied L Front Panel
& 1] @[] [0t Times N Raman [ e | [ €5

« Empty array will —helies

q 11 ¥ P m
appear on front panel a (8 = e
Mum Ctrls Buttons Text Ctrls User Ctrls
e @ +—HAIl Controls

Array

Num Inds LEDs Text Inds  Graph Inds All Controls

&

pt Application Font |+ || =T ||ﬂ|]:v | |¢' | ﬂl}

!

[l

i

- =]

@06 Untitled 1 Front Panel *
||| |@ 0] | 14pt Times New Roman |~ || 85 ||~ [~ | [~ |

e & Controls

 Drag real
indicator
into array

Buttons
L]

Q@

Num Inds LEDs Text Inds  Graph Inds

«—=All Controls
Numeric

+—Numeric

2 raIE:DD
L 11107
10- 10-
5- 5-5

32

MALE .
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Plotting Data Using Labview Arrays (2)

* Rename Array as “Frequency, Hz”

ATTay

L ;
D\' 0 B0

-4

Frequency, Hz

é -.J':')':' .

Ao
o

* Drag down on array
To show multiple
clements

» Repeat process for an arrays called
“Fourier A Coefficient”, “Fourier B coefficient” o
“magnitude”, and “Phase”

MAE 3340 INSTRUMENTATION SYSTEMS
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Arrays as they appear on front panel

Output Frequency

Vector, Hz Al it B tnt)
o
39 g =
I) IUAE?SEI {)39 IU.DUD]IFE]E 3')39 I-].F3435E-?

0.500031

I ID.EUEI?E ID.313323

Magnitude Phase Angle, deg.
i ]
339 Iﬂﬂﬂﬂll?ﬂlﬁ 939 IU.DDU]I?EIE

0.202276

[Cocoissset |
[oo00izs00e |
[oocoizeros |

MAE 3340 INSTRUMENTATION SYSTEMS

0000126117
0.000124043
0.000123351
0.000123006
0.0001227395

e

0.000122661

IMechanicSlcdrie oS pac e

Engrneering
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Front Panel Cluster

=

g

L=l BTl Rl Rt
ml @l L 8
gi.n b
e B b

0.0195:

000488281

=
=
=
IS
=
o
~J
i
=

=

E

=l Bl B B
alal 3
ofng o
ol ol =

oo

w0

o

= F
B B B

Front panel cluster order

MAE 3340 INSTRUMENTATION SYSTEMS

Engrneering
. Execution bar
®@0 6
0K | X Click to set to D

Create
Replace

Sata Operations

“Right Click”

Visible Items
Find Terminal
Change to Co

ntrol

Description and Tip...

e . . .

Reorder Controls In Cluster...

AutoSizing

Properties

]
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Plotting Data Using Labview Arrays (3)

|_£ ; ]al:-i:

= k1" lm

i=1=?_|-'_| » b

AL H
EER

Fiin"'"[ﬁ '@n:

HEnu"F - J-LI-L EE EE EE‘“ i
L1l | 1
1 1 1w ]
o P— N TREE "'-c-c-:-'ml "cc-:';ﬁ:l '
e @

= = i

z z z
i 1 1
— P o o JE— oS

| | | | |
- J Marker Spacing P 4 L
—FrEqu Add Marker

Delete Marker

: Formatting...
1 Style [

| Mapping P s Linear
|/ AutoScale X Logarithmic
|« Loose Fit .

] 4 Visible 5cale Label

| Swap Sides
| Duplicate Scale

| Delete Scale
S —

S

Drag an X/Y
graph to your font panel

Label it:
Magnitude response
Fourier Coefficients,

X Axis:frequency, Hz
Y axis: A, B Coefficient

 Right click on X-axis .. Select
Mapping-> logarithmic

e Same with Y- axis

'MS 36
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Example: My own alarm clock (1)

Set Alarm Time

Set Alarm Date Front Panel

Alarm
R Time
¢ 5:41 AM

Date

'11/20/06

=

Current Time

'6:56 PM

Current Date
Ilefﬂ?

37
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YExample: My own alarm clock (2)

‘Set Alarm Datel
— Date
=p: b to

Text

R

,,nwvwlmn~vmm Time
ﬁ%&gt

Kccisossomsiiid

2, [10:21

[Current Time |

‘\\\\\\<~ Time

fhnnnnnn ﬁ%ﬁ@t

0102 ~pPEOOoOooon Oooooooooooon

- .
PTF |} 5 34
sequenc
a
»w0 000 i o

.....................................

PrLbc

Current Daty Separate ObJeCtS

AR

Engrneering

Block While Loop

100000

Diagram

Sequence Structure Oooooooooooooooooooooooon
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Example: My own alarm clock (3)

Block
Diagram

DDDDDDDDDDDDDDDDDDDDDDI‘1[02] vtDDDDDDDFI}]DDE|E|E|E|E|E|EIE|E|E|E|E
.. 3

N

Second frame
In sequence

* Labview
OO0D0D00D00DDODO0O0DO0OOD0DO0O0O0O0OD0DO0OO0O0O0O0OD0O0O0O0O000O0aQg IntrinSiC
0 For Loop Finction

OO0 000000 0000000000000 00000000D0 00000000000 00000000002D0
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Example: My own alarm clock (4)

Block

\ Diagram
- Third frame

In sequence

ODO0O0D0000D0D00D0000000apan 27021 * DO0D0O0DO0D000000abD0npDn

Labview
Intrinsic
Timing

Function

OD OO0 0000000000000 000D00D00000000000000D0D000000000000a0
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Example: My own alarm clock (95)

VI Calling
Hierarchy




UtahState INtechanicallliierospac e
UNIVERSITY Engineering

DFT Applications ... Noise Canceling
headsets

 Essentially, this involves using a
microphone, placed near the ear,

and electronic circuitry which
generates an "antinoise" sound wave
with the opposite polarity of the sound
wave arriving at the microphone.

This results in destructive interference,
which cancels out the noise within the
enclosed volume of the headphone

MAE 3340 INSTRUMENTATION SYSTEMS 42
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“Simple” Noise Canceling Logic Written 1n

Labview

IMechanicSGdAe oS pIc ey

Engrneering

1000000000000 00000000000000000000000000000000000000000000000000000000000000000 0

[compute non dimensional time (2 ¢/ T}

Step Input

Parameters L

Waveform Select EEN
[Original waveform]
tirme
Wave
Farm LRSS mean (D) value

|arren,.r size

mean (DC) Value

F i)

take DFT I? I>

transform

E compute
§ sample interval

System
Response
Specification

=
EF__;
Pl

|perform convolution|

[scale spectrum|  [rescale datal

L
EEEEFEH

COMpULE SYStem
frequency response

e

plot results

[convolved waveform|

add back in mean value
multiplied by DC gain

Waveform Plot]

compute inverse transform
keep real part (imaginary
should be ~ zero)

P o

[Summed Waveform|

=

OO0 000000000000 00000000000000000000000000000000000000000000000000000000000000010




nMeci3annec3l) He i osihar e
UtahState INeC hanicsedienospace,
UNIVERSITY Engrneering

Labview® Web Links

-- National Instruments Main Page
http:// www.ni.com/

-- Labview Overview
http://www.ni.com/labview/whatis/

-- Classroom Resources and Courseware
for Measurements and Instrumentation
http://www.ni.com/academic/measurements curriculum.htm

-- Labview Tutorial page
http:// www.ni.com/labview/whatis/intuitive graphical.htm
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Introduction to

Dmu Acqmsmon i |8

MAE 3340 INSTRUMENTATION SYSTEMS

Robert H. King
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Recommended Reference Books

A copy of the Student Edition of
LabVIEW is included with each
textbook.

The text prepares students to pass the NI international
student certification examination for LabVIEW.

The text contains numerous worked out examples that
demonstrate common uses of LabVIEW with guidance for

students.
Authors and Organization:

Robert H. King, Colorado School of Mines

Publisher: McGraw-Hill
Copyright Year: 2009
Edition: 1

ISBN-10: 0077299612
ISBN-13: 9780077299613
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