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LabVIEW and ...

Objectives of this lecture

o Learn LabVIEW and LabVIEW'’s functions

o Understand, design, modify and use Virtual
Instruments (V1s)

o Construct (modify) and use data acquisition
applications for acquiring and processing digital and
analog signals supplied by sensors, transmitters, ...
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Outline

o Basics of LabVIEW
o Mathscript and LabVIEW
o Data Acquisition with LabVIEW

o MATLAB
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'What is LabVIEW?

Laboratory Virtual Instrument Engineering \Vorkbench

A Graphical Program Development Environment

Used in some of the most advanced R&D labs (JPL, Siemens Medical, ...)

Has been around since 1980

The best way to learn LabVIEW is to PRACTICE, PRACTICE, PRACTICE

Highly Addictive!
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What is the use of LabVIEW in E8O?

We will use LabVIEW to....

o Monitor and connect to sensors and measurement devices in an experiment
0 Retrieve signals using data acquisition platforms controlled by LabVIEW
0 Process data and represent them in a meaningful, efficient way

o Consolidate all the data obtained in the experiment to perform analysis

Video: LabVIEW and Rubik Cube!
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Where can | find LabVIEW?

o Your E80 laptops will have LabVIEW 8.2.1 installed on them

0 You can install LabVIEW on your PC using the CD that
comes with your you textbook

o There are lots of information about LabVIEW that you can
find on the web and on National Instrument’s web page:

www.ni.com/labview/
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The very first step...

! Getting Started ZiEl]
File ©perate Tools Help
E- e LahVIEW LabwIEW Student Edition
New MNew To Lab¥IEW?
3 Getting Started with LabVIEW N ]
J@; Empty Project LabWIEW Fundamentals
o
8 VL from Template... Guide to LabIEW Documentation
- T ) More. ..
This is what you see LabvIEw el
= Upgrading Lab¥IEW?
If you run LabVIEW
! MathScript
O n O u r PC gﬂ. ThermistorCalc, wi
y IE’;]» RDASARalyzeIMU vi 3D Pickure Conkrol
igﬂ. Function Waveform Generation,vi Lab¥IEW Object-Criented Programming
) DirectionCosines.vi List of &ll Mew Features
Eﬂ' LB CRER Web Resources
] OneTimestep. i Discussion Forums
[l voltToResist.vi
, Training Courses
gﬁ, ReadOneFrame, vi
IEQ» Matriz Fundamentals, wi Lab¥IEW Zone
'g’;l. Function Generatar with FMLwvi Examples
[ Browse. ., Ll Find Examples. .. 2
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Basics

LabVIEW programs are called Virtual Instruments (VI5s)

B! Powser, Spectrum with LabY) @‘v ont Panel

Flz Edt Cperae Toos Browse Windaw Heb

578 0 ] e |t |

Signal Frequency Sne and Square Waves

i£>" Powver Spectrum weith LabVl @ lock Diagram

Fle Edit Cperate Took Browss Window Heb

e T S e T [

Sine Wave Square Wave

40= . £ EEE—
A =% |1 o
zn:I mI <. ' '
it 1 —r— 7 E
Sme:r::im 1:?;;, - J I'\'Iea?u?%‘:rts Pawser Spectrum] I'F‘;:;.;EE:TE':J
Square FrEﬂl.IHl'-'!’ Eé | : ETLET:“EQ
0,000 — 490,000 v 0 — __ _@ v
Tip: _
Front Panel _ Block Diagram
Controls = Inputs EVeryF'—abVF!EWI vi | Behind the scene ni.com
Indicators = Outputs | @S & ~rontaneland  components wired NATIONAL __
P a Block Diagram P INSTRUMENTS
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The Front Panel

VI Front Panel

> Temperature Running Average.vi Front Panel *

Front Panel File Edit Operate Tools Browse Window Help — / |C0n
TOOlbar o |{§}| @ @ [ 13pt Application Font - ":;v ".'n:v ”ﬂv l |fﬁv| R
Running &vg
BOO' ean Pa_wer Temperature History Current Temp e,
Control =8 L %0.0- T~ Graph
OFF ]
:::E_ Legend
, 825+
g80.0-
77.5-
75.0-
72.5-
Waveform I
10 12 14 16 18 20
Graph b
Plot O - =By Scale
Legend oo I Legend
( -
ni.com
7 NATIONAL
INSTRUMENTS
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‘ The Block diagram
VI Block Diagram

Block P Temperature Running Average.vi Block Diagram
Diagram Fle Edit Operate Tools Browse Window Help e
Toolbar > [@] @[] [@] loal@]os [ 130 AppicationFort |~ |[35-][<5a~] [€5-] 241 Divide
" Function
Compound Arithmeti emperature History
SubVI
e | Graph
R Terminal
millisecond multiple Wait Until Mext ms Multiple I Wire
Data
| I
While Loop Numeric Timing Boolean Control
Structure Constant Function Terminal ni.com
) ) ) NATIONAL
Tip: Use Ctrl-E to switch between front panel and block diagram INSTRUMENTS
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Basic Functions

Controls and Functions Palettes

B Functions

2T QSearch

Controls Palette P
(Front Panel Window) L1

[-2

i Controls

4 Q,ﬁearch

[= T

Mum Cerls

Lé
0.2 10
o oY

MNum Inds

» » 4
il
Buttons Text: Cirls Iser Ctrls
» » >
0 ®
LEDs Text Inds Graph Inds &ll Conkrols

o8 me Functions Palette
= mrt (Block Diagram Window)
Input Analysis Output User Libraries
3 » »
B ] s
Exec Ctrl ArithfCompare SiMp All Functions r”' com

NATIONAL
INSTRUMENTS

E80 THE NEXT @\D) Lecture 5

GENERATION HARVEY MUDD 2/5/08




‘ Tools Palette

rrrrrr

Browse Relationships

Tools Palette

Class Browser CtrH-Shift+E E
AckiveX Propetty Browser
Getting Started Window...

[} Floatlng Palette ?s:ligzrti:nwmduw ChrhShift+ )
« Used to operate and modify F
= éle.??s‘tssos-s
front panel and block diagram
objects. Activating
2%, = | Automatic Selection Tool Tools Palette
Ty Operating Tool i Scrolling Tool
% Positioning/Resizing Tool i@ Breakpoint Tool
A Labeling Tool ‘& Probe Tool
¢ Wiring Tool # Color Copy Tool
*a Shortcut Menu Tool %/ Coloring Tool e
NATIONAL
INSTRUMENTS'
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‘ VIs and Functions

Express Vls, Vis and Functions

* Express Vls: interactive VIs with configurable dialog page
» Standard VIs: modularized Vls customized by wiring

* Functions: fundamental operating elements of Multiply
LabVIEW; no front panel or block diagram |
L S S T —— FMCtlon
& i'“"°_ — =
. == 10y el
g — — | T
B " ni.com
Express VI Standard VI NATIONAL
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'Example 1: Simple Conversion

R _ V_Vref
£ YoltToResist.vi Front Panel * _ VR,

| Yolt ToResist.vi Front Panel *

File Edit Wiew Project Operate Tools Window Help

Goal: Convert voltage to resistance (&[] @[] 130t applcation Fort |~ | [2~ [T~ ][] [£5~]

1) Have an input signal in volts
coming from a thermistor

¢ ST

2) Know the conversion equation
between the voltage received e
and the resistance desired

3) Need an interactive vi to show
us the resistance for input value
of voltage v MATIONAL

' INSTRUMENITS
La

bVIEW “Student Edition

Input and Refs. [Student Edtion | «
Display
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'Example 1 : Simple Conversion

R _ \ _Vref
/ \ 'Rref
:EZ UuItToReist.vi Blck Diagram * / o =1
Goal: Convert voltage to resistance e T —,_—_—_—————a
=
1) Have an input signal in volts
coming from a thermistor
2) Know the conversion equation
for the voltage read, and
resistance
3) Need an interactive vi to show
us the resistance for input value
of voltage
[ Studert Editon 4| I»I;/!
Input and Refs.
Operations Output
Tip: Use Ctrl-E to switch between front panel and block diagram
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Example 2 : Thermistor Calculation

Goal: Calculate temperature from

£ ThermistorCalc.yi Front Panel *

measured rES|Stance File Edit Mew Project Operaste Tools Window Help

m M 13pt Application Font vl @@ﬂg @

1)  Know the conversion equation
for the resistance read

g

2) Have constants in the equation

3) Calculate temperature in °C

2
4) Convert temperature to °K p
¢
¢
Input
"7 NATIONAL
Constant INSTRUMENTS
onstants L: bVIEW Student Edition
[ Seudert Edion | 4
Results
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Example 2 : Thermistor Calculation

) ThermistorCalc.vi Block Diagram * =101 =l
File Edit “iew Project Operate Tools ‘Window Help e
oK 1 > [@] @[n][2][25]sal@]# | 130t Appication Fort |~ | [So~|[a~ ] [£5~] Temp.
T = g =
A+BIn(R)+CJ[In(R)]
Fesistance (Ohms
o K oC Lic)
T° =T"+273.15
&
[ {123
Input
Constants -
Studert Egition_ 4 | | Dy

Unbundled (see Ch. 7) Mathscript ( similar to MATLAB)
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‘ Example 3 : Function Generator

Goal: Make a function generator
that...

1) Allows choosing signal type,
varying frequency, amplitude,
offset, phase, ...

2) Displays the signal graphically

3) Addresses sampling rate and
tracking of the signal

Controls

Ele Edit Wew Project

o12] &[] i rox_- e [ ][]

[Text Settings

oine wave (' |.|,
H |I M | M |I M |I
I I | | | | | | | |
'| 1 '| i '| AR '|

f.
-ID.DD | | |
I'I‘I'\ I'\'I'\'I'\

£

‘TNATIONAL
’ INSTRUMENTS |
LabVIEW" Student Editi

Student Edition n

Controls Display
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‘ Example 3: Function Generator

File Edit Wiew Project Cperate Tools  Window  Help
Method:

l:{}l@ﬂ @@ @ |I.,D|IE|'1D;[ | 13pt Application Fonk |v'| =’;'"|r|:|:'l |c§';v|

Use available modules as “building S
blocks” and “wires” as connection
tools for flow of data/commands to... Fignal type [ o8
Tie elements to each other in an apltude | 0703

. . - latf bhase] 060y bIEL | phase ouf]
Interactive, repetltlve p atform. TS

/’
Numerical Data

While Loop (Ch. 6)/ g

Function Generator VI/
(Express)

-
Student Edifion 4 | [» DI

Tip: Use Ctrl-H and point on a component for a pop-up help window Display
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Example 3: Function Generator

[ Function Waveform Generation.vi Block Diagram *

File Edit Yiew Project Operate Tools Window Help

m @ ||I @ Mmuj” 13pt Application Fant |v|| ;Dv”‘“_‘

fprfset]oECy

Frequency|[o5is
[Emplitude] (DL

Ehase]D6L ¥
Eampling info [ 5%

[ty cycle ()| D5y ———

Student Edition 4

[abe

Context Help

offset

signal bype
frequency
amplitude

phase
error in {no error)

square wave duby cycle (%)

NI_MABase.lvlib:Basic Function Generator.vi

reset signal

sampling info ==

Creates an output waveform based on signal type.

Detailed help

Context Help

MI_MABase.lvlib:Basic Function Generator.vi

offset
reset signal ...............................
signal bype
frequency
amplitude

_
phase
Error in {no error) I

sampling info smmmmmm—mm—
squate wave duky cycle (%)

[
|

[

Creates an output waveform based on signal type.

Detailed help

signal out
L phase out
error auk
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'Example 3: Numeric Data Types

Numeric Data Types Table

The following table displays the numeric data types available in LabWIEW,

infarmation about using the time stamp data type in LabVIEW

Bits of
Terminal| Numeric Data Type | Storage on Approximate Number of Decimal Digits Approximate Range on Disk
Disk
SGL Single-precision, 32 [ Minimurn positive number: 1.40e-45
floating-point Maximum positive number: 3.40e+38
Minimurn negative number: -1.408-45
Maximum negative number: -3 .40e+38
Daouble-precision, 64 15 Minimurn positive number: 4.94e-324
floating-point Maxi - :
aximum positive number: 1,79e+308
Minimurn negative number: -4.94e-324
Maximum negative number: -1.79e+308
(Exi} Extended-precision, |128 varies from 15 to 33 by platform; refer to the LabVIEW Data Minimurn positive number: 6.48e-4966
floating-point Storage Application HNote for more information about using Maxirum positive number: 1,19e+4932
numeric data types in LabVIEW o )
Minimurm negative number: -6.48e-4966
Maxirmum neqgative number: -1,19e+4932
Complex single- 64 6 Same as single-precision, floating-point for each (real
precision, floating- and imaginary) part
point
Complex double- 128 15 Same as double-precision, floating-point for each {real
precision, floating- and imaginary) part
point
[cxTh Complex extended- |256 varies from 15 to 33 by platform; refer to the LabWIEW Data Same as extended-precision, floating-point for each
precision, floating- Storage Application Note for more information about using (real and imaginary) part
point numeric data types in LabVIEW
= Byte signed integer |8 2 -128 to 127
== word signed integer |16 4 -32,768 to 32,767
=]  |Long signed integer |32 9 -2,147 483,643 to 2,147 483,647
Byte unsigned integer |8 2 0to 255
EE]  |word unsigned 16 4 0'to 65,535
integer
=1 Long unsigned integer |32 9 0 to 4,294,967,295
128-bit time stamp <f4,64> 15; refer to the LabWVIEW Data Storage Application Mote for more |Minimurm time {in seconds):

5.4210108624275221700372640043497e-20

Maximum time (in seconds):
9,223,372,036,354,775,808
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LabVIEW Mathscript

A LabVIEW tool for executing textual mathematical commands

o o o o

E80 THE NEXT
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Matrix and vector based calculations (linear algebra)
Visualization of data in plots
Running scripts containing a number of commands written in a file

A large number of mathematical functions. An overview is given later
In this document.

o MathScript command are equal to MATLAB commands (some
MATLAB commands may not be implemented).
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'LabVIEW Mathscript

| Lab¥IEW MathScript
File Edit View Help

-

Graphical First?

i =]

gl e Yariables | seript | History |
Connected to MathScript -
»>>1+1

PattitionYariable Dimension  Type ;l
ans =

o (Global

B}, Local

2 L ENS 1x1 double array
=

E80 THE NEXT
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How do I use Mathscript?

MathScript can be used in two ways

o In a MathScript window as a desktop mathematical tool independent of
LabVIEW

o In a MathScript node which appears as a frame inside the Block
diagram of a VI (available on the Functions / Mathematics / Scripts &

Formulas palette.)
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‘ Example 4: Plotting a sine wave

Run

Lab¥IEW MathScript -0l =l
File Edit View Help
(g WHel Variables  Script | Histar;
Connected to Mathicript ;I
Frt=[0:.1:100]"'; Script Editor
x=-1+0.02%¢; O |G
¥=3in(0.2%t) ;
figure(l) = ;I
0P . ) ) ) x=
plotit,¥,'b-'] %x(t) in dashed red. ¥(t) in solid y=sin(D.2%t);
hl"_le' ) figure{1}
xuin=0;xnax=100;ynin=-2;ymax=2; plotit,y,'b-"7 %x(t) in dashed red. vt} in solid blue.
axis([xnin xmax ynin ymax]) xmin=0;:xmax=100;ymin=-2;ymax=2;
grid axis{[xmin xmax ymin ymax])
xlabel('t [sec]') F% (t[ec])
label (! d, dashed bl 1id Hanelt e
Toabellx (red, dashed) og ¥ (Blue, solid) wlabelf’ (red, dashad) og v (blue, solid) [¥ol])
[ _D 1) X title{'Data from Experiment 1%
title|'Data from Experiment 1')
N

=
Command Window
I ]

[

j Line: 11, Column: 32

g.2.1 Idle

File Items Tools Help

Graph
2

Diata from Experiment 1

x (red, dashed) og v (blue, salid) [valt]

1 1
o 10 20 30 40 50 &0 J0 80 90 100

t=[0:.1:100]";
x=-1+0.02*t;
y=sin(0.2*t) ;
figure (1)

plot (t,y, 'b-")
y(t)

$x(t)
in solid blue.

in dashed red.

xmin=0;xmax=100;ymin=-2;ymax=2;
axis ([xmin xmax ymin ymax])
grid

xlabel ('t [sec]')

ylabel ('x
solid)

(red, dashed)
[Volt]"')

og y (blue,

title('Data from Experiment 1')
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'Example 5: Embedded Mathscript

B! ThermistorCalc.vi Block Diagram * -0l =l
File Edit “iew Project Operate Tools ‘Window Help e
> [@] @[n][2][25]sal@]# | 130t Appication Fort |~ | [So~|[a~ ] [£5~] Tenp.

[

Resistance {COhms

£.23 T (i)
. TK = L.OJ{A + B¥In{RI+CHpovendR), 300;
TC =Tk - 273.15; [ I1-231
R C DE
4 T (K
£ 123
B DE|
C

Il|<I

Student Edition 4 | |

A

ok 1
T T AT BRI IR

T°° =T7° +273.15

Functiuns

= i [

*  Programming
L Skruckures

Flak Sequence  Stacked Sequ...

][]

Diagram Disa... Conditional Di...

VAR LOCA

=

Shared Warisble  Local Watisble

ant
0O

Decorations

Faormula Node
Feedback Node

Global Watiable

|| ¥ Measurement Ijo
I'»  Instrument /0

Tip: Get MathScript module
from Functions tools, under
Programming/Structures
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Data Acquisition (DAQ) with LabVIEW

This 1s where E59 and E80 merge!

You saw sampling, aliasing, discrete and
continuous signals, Bode plot and...E59

Now you will acquire those signals In real
experiments

LabVIEW helps you as a tool collecting and
displaying data
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‘ What is the use of data acquisition?

Sensors or transducers as our “sensing”
tools convert physical signal to an
electrical signal.

1) Need DAQ devices to grab those
signals and hand them to computer
for display and processing

2)  May need to control the flow of
data from our transducers

(triggering)

3)  Will convert continuous time
signals to digital which is suitable

for computers
Fig 9.1
DAQ devices can be internal (PCI cards) or external (USB)
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‘ Types Of Signals

o Fig 9.4
State
Rate
< Level
Shape
| Frequency Content
Fig 9.2
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‘ Signal Conditioning

Electrical signal from a transducer may not be
very suitable for Analog-to-Digital converters.

1?

Signal conditioning (filtering, amplifying, ...)

Fig 9.4

LabVIEW

Note: Your DAQ may include built-in signal conditioning
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BNC-2090 DAQ at Mudd

Input Signals (Digital/Analog)

BNC-2090 DAQ

To Laptop

Timing and triggering

HATIONAL
quwutu‘n

eiay

BNC-2090

Digital Signals
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LabView and DAQ in the lab

Circuit or
Sensor

ﬁ

e

Laptop

\

BNC

DAQ =P
\

SHC68-68-EPM

to ACHO

Cable

Signal Generator

RS232 to USB
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» Laptop

\jﬂﬂ

MeansCalcRes.vi
RDASTelemCalcRes.vi
RDASRawFileRead.vi

\_//-——

Laptop

(DAQ)EP

circuit 1

&

Signal Generator

HARVEY MUDD

J GenBodePlot.vi JJ

Lecture 5
215108




Matlab

Most of the concepts discussed for LabVIEW are valid for MATLAB

Key differences:

1) MATLAB has it’s own language and commands

2) Unlike LabVIEW, mainly commands and scripts are needed to run the code

3) To interface the DAQ and other instruments with MATLAB need MATLAB drivers

E80 THE NEXT Lecture 5
GENERATION i 2/5/08




Summary

Remember the following tools/skills/knowledge ...

o Knowing basic electrical measurement techniques
0 Understanding the concept of sensors/transducers
o Acquiring data from sensors instrumentation

o Communicating with the PC using DAQ

0 Analyzing and presenting the data
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