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LabVIEW Programming — Basics

e Virtual instrument and LabVIEW

e The LabVIEW development environment
e Basic programming with LabVIEW

e Navigation window

e Property nodes

e Cleaning up the block diagram
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Virtual Instrument

e Virtual instrumentation can be defined as:

— A layer of software and/or hardware added to a general purpose
computer in such a fashion that users can interact with the computer
as though it were their own custom-designed traditional electronic
instrument.

From Virtual Bio-instrumentation by Jon B. Olansen and Eric Rosow

e LabVIEW programs are called virtual instruments (VIs).

_ Virtual Oscilloscope
Real Oscilloscope

Timebase

Device Acquisition Mode
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LabVIEW Graphical Development System

e Graphical programming environment — different from text-
based programming language such as C or Fortran.

e Compile code for multiple OS and devices

BE/EE189 Design and Construction of Biodevices - Caltech




Virtual Instrumentation Applications

e Design
- Signal and image processing
- Embedded system programming (PC, DSP, FPGA, etc.)
- Simulation and prototyping

e Control
- Automatic controls and dynamic systems
- Mechatronics and robotics

e Measurements

- Circuits and electronics
- Measurements and instrumentation
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VI Programming Environment

e Front panel: interface to your VI program

- Controls = inputs
- Indicators = outputs

e Block diagram: program code in a
g ra p h i C a I fO r m B Function Waveform Generation.vi Block Diagram

- Terminals corresponding to front panel controls | el - mislsle. ek
and indicators
- Constants, functions, subVIs, structures

- Wires connect components together

Operate Tools Window Help

Student Edition ¢ >
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Front Panel and Controls Palette

File Edit View Project

Operate Tools Window Help
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using the controls palette.
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Block Diagram and Functions Palette

P! Function Waveform Generation.vi Block Diagram

Eile Edit Yiew Project Operate Tools Window Help
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e Functions, execution controls, etc. can be
created using the functions palette.
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Tools Palette

e Atoolis aspecial operation mode of the mouse cursor. You
use tools to perform specific editing functions.

e Automatic tool selection: [abVIEW will automatically selects

the corresponding tool as you move the cursor over objects
on either the front panel or the block diagram.

Automatic tool selection

Position tool

Wiring tool @ ¥ Scrolling tool
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Aligning Objects

e After selecting the desired objects for alignment, you can align,
distribute, or resize them — make things neat and pretty.

Align objects Distribute objects Resize objects

B Untitled 1 Front Panel *

File Edit Yiew Project Operate Tools ‘Window
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Execution Control

Run  Run continuously

2 Dititled 1 Front Panel *

Project Operate Tools Window Help
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Abort execution Pause

Stop Cerl+.

File Edit View Project m Tools Window Help
m R Ctrl+R

Step Into Ctrl+Down
Step Over Ctrl+Right
Step Out Ctrl+Up

Suspend when Called

Print at Completion
Log at Completion
Data Logging »

Change to Run Mode Ctrl+mM

Connect to Remote Panel. ..
Debug Application or Shared Library...




Context Help Window

e “Show Context Help” (Ctrl+H) — show context help associated
with the selected objects.

Context Help

Multiply

ey
Y

Returns the product of the
inputs,

Detailed help v




Basic Concept of LabVIEW Programming

e Modular programming: a given task is divided into a series of
simpler subtasks which is implemented separately and then
assembled.

e Data flow programming: the icons (subtasks) in the block
diagram are wired together to allow data flow. The execution
of a Vl is governed by the data flow.
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Navigation Window

e For complicated Vls, the navigation window can display an
overview of the active front panel in edit mode or the active

block diagram.

Navigation window

& Align and Subtract two Waveforms (continuous).vi Block Diagram

File Edit Yiew Project Operate Tools Window Help
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Property Nodes

Visible Items
Find Terminal
Change to Indicator

Description and Tip...

e Allow you to set or get the

Local Variable

properties of objects. For chooees WG coop
example, in some applications,
you might want to make a ot ot o
front panel object vanish while ories
the VI is running if a Boolean
input is True. oo

Label

Skip When Tabbing
Synchronous Display
Tip Strip

Value

Value (Signaling)

*Control

Data Entry Limits

Decrement Key Binding
Increment Key Binding

Response to Yalue Outside Limits
Unit Label

Display Format

Format String
Increment/Decrement Visible?
Numeric Text

Radix Visible?

Text Width




Clean Up the Block Diagram
After cleanup

Before cleanup

e Cleaning up for easier-to-understand diagrams and for debug
purposes
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Clean Up Wire

e You can clean up a wire by right clicking it, and select “Clean
Up Wire” — Very useful.
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Clean Up Wire
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Delete Wire Branch
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Example 1.1 - °F to °C Converter

e [°C]=([°F]-32)x5/9

. Example1-oF_oC.vi Block Diagram El@”gl

=,

. Example1-oF_oC.vi Front Panel El@”z|
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Example 1.2 — NAND Gate

S[=/ed

Operate Tools Window Help

. Example2-NAND.vi Front Panel

File Edit Yiew Project
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». Example2-NAND.vi Block Diagram
File Edit View Project
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LabVIEW Programming — More Basics, Structures,
Data Types, VI

e (ase structure

e Debugging techniques

e Useful shortcuts

e Data typesin labVIEW

e Concept of subVI

e Creating a subVI

e Using a VIl as asubVl

e Error checking and error handling
e The VI hierarchy window
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Case Structure

e CASE structure has two or more subdiagrams.

e Only one subdiagram to execute at a time based on the value
of the selector.

e Each subdiagran must provide output value for the CASE
structure.

mmb "A", Default 'H“HE

oolean Control Btring Control
r—} ....................... Tabe ]
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LabVIEW Debugging Techniques — Finding Errors

e Click on the broken run button to show the error list

Broken run button

! Untitled 2 Block Diagram *
Edit View Project Operate Tools Windo

[P @n][@]2g] k@ ot

P Error list

Ttems with errors
Untitled 2

I

* 4&—— Show warnings

3 errors and warnings Show Warnings

@ Block Diagram Errors ~
Multiply: Contains unwired or bad terminal

® Block Diagram Warnings
Front Panel Terminal ‘Numeric 2': unwired front panel terminal
Front Panel Terminal ‘Numeric': unwired front panel terminal 7
Details
One or more required inputs to this function are not wired or are wired incorrectly. Show ~
the Context Help window to see what the connections to this function should be. D
b

[ Close ] l Show Error ][ Help ]




LabVIEW Debugging Techniques — Highlight Execution

e Highlight execution can be used to show the animation of the
VI execution

e Will reduce performance

Highlight execution button

®. Untitled 2 Blou% Diagram *

File Edit VYiew ProjectN\yperate Tools Windo

@7 Cn@ ba i@ of
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LabVIEW Debugging Techniques — Single-Stepping

e |n the single-step mode, you can either “step into” or “step
over” the node in the block diagram.

Single-stepping buttons
P Untitled 2 Block Diagram *

Eile Edit Yiew Project Operate <ols Windo
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LabVIEW Debugging Techniques — Breakpoints and Probes

e You can halt execution at certain locations by using the
breakpoint.

e Use the probe tool to view data as it flows through a block

diagram wire. A probe watch window will display the current
data value.

®. Untitled 2 Block Diagram *

File Edit VYiew Project Operate Tools Window Help
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Useful Shortcuts

e Ctrl-S: Save a VI

e Ctrl-R: Runa VI

e Ctrl-E: Toggle between the front panel and the block diagram
e Ctrl-H: Toggle the Context Help window on and off

e Ctrl-B: Remove all bad wires

e Ctrl-W: Close the active window

e Ctrl-F: Find objects and Vs
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Data Types

e Numeric

- integer: signed, unsigned + precision=>»164, 132, 116, 18, U64, U32, U16, U8
- floating-point number: single, double, extended precisio

Uo | Visble Items
~  Find Terminal
Change to Indicator

e String: a sequence of characters

Description and Tip...

e Boolean: true or false

Create >
Replace >
Data Operations >
Advanced >
Fit Control to Pane

Scale Object with Pane

Data Entry...
Display Format...
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SubVI

e AsubVlis astand-alone VI that is called by other Vs, similar

to a subroutine or function in text based programming
languages.

e Remember Modular programming: a given task (top-level Vi)
is divided into a series of simpler subtasks (functions or

subVIs) which is implemented separately and then assembled.
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Creating subVI — 1: Develop an independent VI

e Define the input and output of your subVI, and develop the
VI.

Number 1
‘f2af Average Value
TWO InpUtS Nurnber 2 l> [> B <« One OUtPUt
2

2z

BE/EE189 Design and Construction of Biodevices - Caltech




Creating subVI — 2: Assigning Input and Output

Right —click on the icon plane, select “Patterns”

Right —click on the icon plane, . X
; P to define number of inputs and outputs

select “Show Connector”

P, Example2.1-AverageSub¥l.vi Front Panel
File Edit Yiew Project

P Example2.1-AverageSubVl.vi Front Panel
Operate Tools Window Help

File Edit View Project Operate Tools Window Help
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Creating subVI - 3: Edit Icon

e AsubVlis represented by anicon in the block diagram, and
you can customize the icon picture.

Right —click on the icon plane,
select “Edit Icon...”

_ Edit the icon with the icon editor
P Example2.1-AverageSub¥l.vi Front Panel E m
File Edit Yiew Project Operate Tools Window Help =
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Creating a subVI from a selection

e You can select components of the main VI and group them
into a subVI B [T

Undo : glication Font |
—— Redo Ctrl+Shift+2
Cut Chrl+%
Copy Ctrl+C
Fahrenheit Paste Chri+y
r Celcius Remove From Project Celcius

Select all Ctrl+a
Make Current Yalues Default E !

Reinitialize Yalues to Default

Customize Control...

Import Picture to Clipboard...

Set Tabbing Order...
Select components
Remove Broken Wires Ctri+B
Clean Up Selection Chrl+U
Remove Breakpoints from Hierarchy
Create VI Snippet from Selection Sel ect “C re ate S u bV | ”
Enable Diagram Grid Alignment Chrl+#
Align Items Ctri+Shift+a
Distribute Items Ctri+D
VI Revision History. .. Chrl+Y

Run-Time Menu. ..

Find and Replace... Ctrl+F
Sl earch Results Ctrl+Shift+F

SubVI created

Fahrenheit




Calling SubVI

* |n the functions palette, select “Select a VI...”, and choose the
VI that you developed as a subVI. Just like you add a built-in

<x] Functions g Search!
Express 4

> R »

1:& 2

Input Sighal Analysis Qutput

» ' > ' =3’

g8 kd| e
Sig Manip Exec Control  Arith & Compar

Favorites 4
User Libraries »

Select a vI...
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The VI Hierarchy Window

e Display a graphical representation of the hierarchical
structure of all VIs in memory and shows the dependencies of

top-level Vis and sub VIs (View >> VI Hierarchy).
B! VI Hierarchy E]@

B 1D Fourier Interpolation.vi Block Diagram
, File Edit View Tools Window Help

[ File Edit View Project Operate Tools Window Help
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[DBLY

n = interpolation factor

interpolation factor |

=h 8| B

This block diagram operates as following:

1. Generates data using the Tones and Noise Waveform,
2. Performs 1D Fourier interpolation
3. Plots the generated data and interpolated data. =
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Example — SubVI to Calculate Average Value

P! Example2.1-CallAverageSubVI.vi Block Diagram

‘ File Edit View Project Operate Tools Window Help 3
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£ Example2.1-AverageSubVI.vi Block Diagram
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Work Example 2.1 — BMI Calculation and Display

e Body mass index (BMI) = body weight (kg)/(height(m))?

Category BMI range — kg/m?
Emaciation less than 14.9
Underweight from 15t0 18.4
Normal from 18.5 to 22.9
Overweight from 23 to 27.5
Obese from 27.6 to 40
Morbidly Obese greater than 40

http://en.wikipedia.org/wiki/Body_mass_index
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Work Example 2.1 — BMI Calculation and Display

». Example3-BMI.vi Front Panel E‘@‘gl
File Edit Yiew Project Operate Tools Window Help
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Work Example 2.2 — SubVI for Evaluating Blood
Pressure

e Forinput systolic and diastolic pressure, output the status.

e Your systolic and diastolic numbers may not be in the same
blood pressure category. In this case, the more severe

category is the one you're in.

Eats ncry (tosy:ttlcr)rl:l():er)
Normal Less than 120
Prehypertension 120-139
High blood pressure

Stage 1 140-159
Stage 2 160 or higher

Diastolic
(bottom number)

And Less than 80
Or 80-39

Or 90-99

Or 100 or higher
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Work Example 2.2 — SubV!I for Evaluating Blood
Pressure

Top-level VI What should the SubVI look like?

. Example3.2-CallBloodPressure.vi BL... E]

File Edit VYiew Project Operate Tools Window H
=
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Systolic Pressure

Status

Diastalic Pr
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Answer

P Example3-BMI.vi Block Diagram [;”EHX‘
File Edt View Project Operate Tools Window Help
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. Example3-BMI.vi Front Panel
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Answer

Top-level VI SubVI

P Example3.2-CallBloodPressure.vi BL... E]

P Example3.2-BloodPressureSubVI.vi Block Diagram
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LabVIEW Programming — Error Handling & Structures

e Error Handling
e Forloop, while loop
e Sequence structure
e Timing control
e Formula node
e |ocal variables
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Error Handling

e LabVIEW allows you to define error codes and messages for

your subVIs

e These errors can be passed along to and from multiple subVls
e All NI-produced subVIs contain an error in and error out node

Error In:
The error in indicator o a
reads errors passed |

to it by previous Vis.

The default is “no

error”.

ssssss

BE/EE189 Design and Construction of Biodevices -

Error Out:

The error out

indicator reads errors
from previous Vls
and the current VI.

ssssss
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Error Handling

e Error codes (integer) and messages (string) are added in using
the “error cluster” function in the “Dialog & User Interface”.

Array 1
sum of arrays
Array 2 E
et Error Cluster
error in (no error) r error out
ﬂj Imust have arrays of the same Iength}“rz; --.




For Loop

Conditional terminal:

Count terminal: A for loop with a conditional terminal
Number of times executes until the condition occurs
you want the loop to or until all iterations complete
execute; Available
for use inside the G [coocHE visible Ttems >
for loop. fice
Examples
Description and Tip...
Breakpoint >
Structures Palette >
J Auto Grow
Exclude from Diagram Cleanup
[/ Condiiona Termindl |
. . m Configure Iteration Parallelism. ..
Iteration terminal: | = Replace with While Loop
Number of times the Remove For Loop 1
loop has executed; Add Shift Register
Available for use Properties

inside the for loop.
Note: starting from 0




While Loop

Iteration terminal:
Number of times the
loop has executed;
Available for use
inside the for loop.

Note: starting from 0 Conditional terminal:

Loop executes until input is TRUE

[

Selected from Functions>>Programming>>Structures

A while loop with a button to stop execution

. Untitled 3 Front Panel * E|@®

File Edit View Project gperate Tools

@@ 13pt Applicati @}

NATIONAL
Selected from Functions>>Express>>Execution Control INSTRUMENTS

LabVIEW ™ Student Edmon v

Student Edition | ¢ |
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e Shift registers transfer values from one iteration of a For Loop

Shift Registers

or While Loop to the next.

Visible Items

Help

Examples

Description and Tip...
Breakpoint

Structures Palette

J Auto Grow
Exclude from Diagram Cleanup
Conditional Terminal
Configure Iteration Parallelism...
Replace with While Loop
Remove For Loop

Add shift Register

Properties

Initial value
—_—

Initialization

N

[~]

Shift registers

1st iteration

N
nitial
value
[v]> ->
New
value

a

2nd jteration

N
Previous

new value
> >
New
value

a




Feedback Nodes

e Similar to shift registers.

e Use the feedback node to avoid unnecessarily long wires.
e Can configure multiple delays.

e Example: calculate 1+2+...+N.

P FeedbackNodes.vi Block Diagram

¥ FeedbackModes.vi Front Panel B@@

File Edit View Project Operate Tools Window Help
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Sequence Structure

e The sequence structure executes subdiagrams sequentially.
e Two classes: flat sequence and stacked sequence.

0000000000000 000000000000000 000000000000 o:

MNumber 1 Number 2

Flat sequence _ [ — - [

jDooo0oo0o0oo0o000000000000O0O00O0O0O0O0O0O0OO0O0O0O0O0O0OoOO0O0OooOOooO0:!

1000000y  [0,.2] vjROOOC

Number 1 1000
Stacked sequence - [ ; 5,

Ooooooooooooc

.
T AT
.

fOoooooooooooooc
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Timing Control

Functions
Q, search | & view

¥ Programming

e Functions>>Programming>>Timing f

Tick Count {ms) Wait {ms) Wait Until Ne...

v [1729]
4 > ) # =
2 [10:21]

To Time Stamp ~ Get DatefTim... Get Date/Tim...

,_
=
=)

a

e Example: wait 1 second before
executing next step.

12:00:01
11707701

N

Date/Time To... Seconds ToD... Time Stamp C...

=
1201

Time Delay Elapsed Time Format Date/...

00000000000 00000000000000000000000000000020

=

Mumber 1 Number 2

-t
DEL

Measurement IjO

Instrument IO

Vision and Motion

Mathematics

O000000000000 Oo0o00000O0O0O0O0oO000 O000000000000 . -
Signal Processing

Data Communication
Connectivity

Control Design & Simulation
Express

Addons

Favorites

4d vvvwvwvwvvvvwy

¥ User Libraries
Come
el

Express User ...

Select a VI...
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Formula Node

e Allows you to program one or more algebraic formulas.

I Q Search’ S iew l !

V|~ Programming ~
L structures X Y
a |
p ol
[ ! pyr—— ¥
For Loop ‘While Loop % y=X 3J
» SRS DEL DEL

::::: 3

0 Yisible Items »

L 3
Timed Structu... Case Structure
P Help
al
F I d Event Structure MathScript Exam'_Jle.s .
ormuia node m ﬂ Description and Tip...
= Breakpoint >

Seques

=)

ce Stacked Sequ...

\Bﬂa

H|
i
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H
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Diagram Disable Structure

e To disable specific sections of code, equivalent to
commenting out code in a text-based Programming language.

e The disabled codes can be enabled by select “Enable This
Subdiagram”.

[ Disabled v}

#[Enabled v

(cty)2 o]
ph.23] y
‘f2ap
X
(x+y)"2 23p
pl2a y
‘f2sf

[+>m
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Local Variables

e Each front panel object has only one corresponding block
diagram terminal. You can use local variables to access (read
or write) front panel objects from more than one location in a
single VI.

O000000000000000000000000o0o0o0o0ooooog” Local Variable

| ;

.....

Yisible Items
Find >

Hide Indicator

Change to Control
jOooooooooon Change to Constant Joooooooooo;

Description and Tip...

MNumeric Palette

>
| Create )| '
Create | Constant Add local variable

Data Operations Control

>
Advanced > Indicator /
/ View as Icon Local Variable

Reference
Property Node
Invoke Node p

Adapt To Source
Representation [ 2
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Work Example 3.1 — Calculate the factorial n!

¥ Example2. 2-Factorial.vi Block Diagram

File Edit View Project Operate Iools Window Help

W @IE lba || oF | 13pt Application Font |~ IJ

=

ks

!

Ia
DELU

%
a3

Student Edition ¢ i




Work Example 3.2 - Flashing LED

». Example2.3-FlashingLE... El@|(z|
File Edt View Project Operate Too

Block diagram?

Fr—1—1

‘7 NATIONAL
’ INSTRUMENTS

LahVIEW “Student Edition |5

Student Edition | ¢ | I | B3 .




». Example2.3-FlashingLE... Q@”X|

‘7 NATIDNAL
INSTRUMENTS

LabVlEW‘“Student Edition |9

Student Edition | ¢ L | |

Answer

File Edit View Project

&' Example2. 3-Flashingl ED.vi Block Diagram
Operate Tools Window Help

| I@' f@ - @ I“ﬂl'ﬁ"o’“ 13pt Application Font Iv.l ,nv“ Ta~ | |¢.‘|g

30000
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LabVIEW Programming — Arrays, Clusters, Matrix,
Chart and Graph

e Arrays

e Polymorphism

e (lusters

e Matrix

e Memory Usage
e Waveform charts
e Wavefrom graphs
e XY graphs

e Math plots
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Array

e Array — a variable-sized collection of data elements that are
all the same type.

e Array can have one or more dimensions.

e |If memory permitted, each dimension can have up to 231-1
elements.

e Cannot create an array of arrays, charts, or graphs.
e (Can create an array of clusters which has one or more arrays.

e The index is zero-based.
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Creating an Array — 1: Add an Array Shell

X1 Controls Search

/

Array control

System 1 Modern
Classic
Express ] M .’ L
E) » »
D
l, : ‘ Numeric Boolean String & Path
GTilz] » ) Hi
Num Ctrls Buttons Text Ctrls [ = I
» e M » ¥ Array, Matrix & Cluster
% P 3 @ Array, Matrix...
[Fina =] ==
User Ctrls Num Inds LEDs E
4 14 (ElEnum |
. Ring & Enum ﬂ Array Cluster
4
Text Inds Graph Indicat... 09 / m
Control Design & Simulation & L0E
NET & Actives VanarM C'Iass RealMatrix.ctl  ComplexMatri...
Signal Processing @ ‘E]V E]V‘
Add
ons
Refrum Error In 3D.ctl  Error Out 3D.ctl
User Controls
Select a Control...
A




Creating an Array — 2: Place data object into shell

X1 Controls Q, search |
Express »
L » »
4 8
X1 Numegf Controls '
Numeric Control Mum Ctrls Buttons Text Ctrls
oo ' . Vo ':: ‘:: : m 9,-—5‘-\‘0’ . E
05 10 0 5 10 o oo m 4 g
Mum Ctrl Fill Slide Pointer Slide Fill Slide Pointer Slide User Ctrls Mum Inds LEDs
3 3 ) >
n o 8 = .
Knob Dial Color Box Text Inds Graph Indicat...
ser Controls >

Select a Control...

«

Add object Becoming.. Set value




Creating an Array Constant

e Similar as previous procedures, except it happens in the block

diagram.

An array constant
Fo [
3




Creating Arrays with Loops

e Example: create a 2D Arrays of random numbers

5x5 Array of random numbers

o o.sozzr Jo.szizs: Jo.rasee Jo.szsoz: ;
Yo Josessz Jo.z7ess Jo.zs197 Jo.s2134 Jo.seest: |0
- Jozissz o to7eo: Jo.oszs Jo.issei fo.7eizs: o
0.66715¢ |0.62862; |0.90216¢ |0.08494¢ 10.112200 0

0.42717¢ 0.77217: ]0.82293: ]0.39883¢ 0.26359: 0

0 0 0 0 0 0




Array Functions

<{X] Functions g Search!

Programming
Measurement IIO m Programming
Instrument IO Array
isi i » 3 »
. Yision and Motion =l Qne 5] ®
Array size Bk o
Array Cluster, Class...
e e » »
E}. +a a“ i
Initiali = -t ne A
nitialize array \_
ay g Index Array Delete From ... Boolean String
o T ﬁ . E @ 4 = »
8 - N
I ndeX a rray / Initialize Array Build Max & Min Reshape Array Timing Dialog & User...
M
Y P 2
Array subset — Sort 1D Array  Search 1D Ar...  Split 1D Array  Reverse 1D A... Rotate 1D Ar... | ‘Waveform  Application C...
s L Lt = = &, oy
hof ¥ 1, - B B -m o D5
Interpolate 1... Threshold 1D ... Interleave 1D... Decimate 1D ... Transpose 2D... araphics & So... Report Gener...
iJiz7]
i
Array Constant  Array To Clus... Cluster To Ar... Array to Matrix  Matrix to Array
4
Matrix




Example — Separate Array Values

e Takes an input array that contains a mixture of positive and
negative values and separates that array into two smaller
arrays - one containing just the negative values and one
containing just the positive values. (From LabVIEW examples)

B Separate Array Values.vi Block Diagram

File Edit View Project

Operate Tools Window Help Seprt File Edit VYiew Project Operate Tools Window Help

& I@I uz,n@ | 13pt Application Font |« ” - ”Tn:v ”ﬁv l |: i:::es > I@I uj@ |l.u||5’|01r I 13pt Application Font |+ ” o ||fﬁ:v| |£§7‘, | arra

Press the run button. This example will sort the Input Arra N
into bwao separate 1D arrays cont':;ining positive vzzles 1 Use Initialize Array to Check to see if element is less than zero
and negative values. create a 1D array. and select appropriate case.

F ™ True "t
Input Array Positive Array MNegative Array

‘{jg au 9’0 Use Build Array to add the
6 0o 6.00 -5.80 element to the Negative

3 a0 I3.90 I-2.6D Array.
D 00 |2.20 |-4.30

i

\E'“—» vo51] | Positive Arra

7777777

- -~ BTy
-2.60 )
-1.00 /—/ NATIOINL [DBLM o4 @,{ i
1N AE B NS A 3
42.20 NS BBy ey BB m : .
i gt | | o vl | o d gt | | |

[Sden E3ton | < |
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Polymorphism

e Polymorphism is the ability of certain LabVIEW functions to
accept inputs of different dimensions and representations.

. Polymorphisms.vi Front Panel

File Edit View Project Operate Tools Window Help

|_|§|©]E 13pt Application Font |"’L'||£||_|-

File Edit Yiew Project

Operate Tools Window eIp

‘7 NATIONAL
INSTRUMENTS

i I.abVIEV\F"Student Edition M

@IE @ 'ﬁ'ﬂ"’" 13pt Application Font |~ !M[ @}
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Cluster

e Cluster — a fixed-sized collection of data elements of mixed
types.

e Similar to structin C

e Elements must be either all controls or all indicators




Creating a Cluster

1: Add a cluster shell 2: Placing objects in the cluster shell

|w Modern

L Array, Matrix & Clusfer
XXX
1
DEL
Array Cluster RealMatrix.ctl

4] *9 =
i = [zt

ComplexMatri... Error In 3D.ctl  Error Out 3D.ctl

> System
|I'» Classic
| » Express
. 13 » 4
z A
Mum Ctrls Buttons Text Ctrls
m l)/..i.;l\g Q ’
el q }
I d:
User Ctrls Mum Inds LEDs H
> R In block diagram
TextInds  Graph Indicat... Cluster

| »  Control Design & Simulation
[ > MET & Activex

| » signal Processing

| » addons

I'» User Controls * A cluster constant can be created in the block
| selectaConird.. diagram in a similar way.

>




Cluster Functions

|'»  Programming
L Cluster, Class, & Variant

Bundle — = | — Unbundle
%‘II M=K
ﬂ'lbundle By ... Bundle By Name UrElndIe

Bundle Build Cluster ... Index &Bund... / CI u Ste r con Sta nt

ED ng £
Cluster to arra s
Cluster ... Array To Clus... Cluster Const...
f& ]
Array to CI uste Call Parent M... To More Spec... To More Gen...
i >
5 (8] [o
Preserve Run... LY Object Co... GetLY Class ... U n bu nd Ie exa m ple

)
b

Get LY Class ...

=<
:
:lI
ﬂl
=
L v

| '» Measurement 1jO
|'»  Instrument IjO

| »  vision and Mation
|'» Mathematics

|'»  signal Processing

Cluster

| » Data Communication

|'»  Connectivity

|'»  Control Design & Simulation

|'» Express
|'» addons
|'» Favorites

| » User Libraries
| Select avl...

»




Error Handling

e Automatic error handling — displaying an error dialog box
when error occurred. Each error has a numeric code and an
error message. Can be disabled in File >> VI Properties >>
Execution.

e Manual error handling: using error-handling VIs and functions
on the Dialog & User Interface subpalette (found on the
Programming palette).
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Error Clusters

e Error-cluster controls and indicators are used to create error
inputs and outputs.

e Programming >> Dialog & User Interface >> Error Cluster
From Error Code.

Context Help

iS waming? (False) ‘
show call chain? {(Falsg) =y

g
Error Cluster From Error Code.vi

error code {0) #\
error message (") 9.;?!
error in {no error) =

error codes.

Detailed help

[F&[2]<

prococccos @Y Or ouk

Converts an error or warning code to an error cluster,
This V1 is useful when you receive a return value from
a shared library call or when you return user-defined

X

A

&) Untitled 9.vi Front Panel

File Edit Yiew Project Operate Tools ndow Help

@IE 13pt Application Font [v‘ ;nvl A

NATIONAL
P INSTRUMENTS

________ LabVIEW, StudentEdition [
[Student Edton | <. |8

. Untitled 9.vi Block Diagram

File Edit Yew Project Operate Iols Window Help

[2[=] O [1][9][25] [wa[@]o*

[
errar in {no error) #\' error out
21
= KiZall M
I_q,_
— :
/

Student Edition ¢ |
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Work Example — Array to Cluster (From LabVIEW
Examples)

. Array to Cluster.vi Front Panel

File Edit Yiew Project Operate Tools Window Help

M& IQIE | 13pt Application Font Iv! ;,;.vl '.'ﬁ;vl &vl m

B Array to Cluster.vi Block Diagram

File Edit View Project Operate Tools Window Help [ampTe
BEIE “l@lﬁ'ﬂﬂ"” 13pt Application Font |+ |8~ [~ | [~ |[2l]

This example shows how the Array to Cluster function operates with different
types of data. Run the example, examine the different cases, and click the stop
button to exit. This example only displays some of the inputs that the
ipolymorphic Array to Cluster function will accept. Array to Cluster accepts any
type of array and outputs a cluster of elements of that data type. all input types
behave like the ones shown below. These concepts also apply to the Cluster to
Array function.

W["array of Numeric", Default v 100] ‘ ‘
fiumeric Array] L
1323 08 ﬂ

Array to Cluster creates a cluster of nine 32-bit signed integers. Nine is
the default size for the cluster generated by Array to Cluster,

ab Control
(T

Array to cluster reads the array values and creates a cluster of elements with those
values given a specified size. Clusters must have a fixed size at compile time. To & |
specify the size of the cluster to be created, right click the Array o Cluster Viend
select Cluster Size from the shortcut menu. Specify a size and then create anindicator { —
For the output to match that size. i NI ol il i =,

/ JND J 22 i
| T v W=y

MINSTRUMENTS ECE : e |

Y ARVIEVAI " Crred nré
RUMYIRLYY wilauoaiin
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Matrix

e Matrix can be used in place of two-
dimensional arrays.

e Advantages: can use many linear
algebra operations based on efficient
matrix algorithmes.

|

I

7

‘oo B o 0 = |

FA==yo '3 0 El |

N o e =
I]i ...... |__ e

Complex matrix

Real matrix

Q Search

| ¥ Modern

L Array, Matrix & Cluster

L

XXX
XXX
XXX

DEL

RealMatrix.ctl

o
w

ﬂ'nplexMatri... Pror In 3D.ctl  Error Out 3D.ctl
» M
4
Buttons Text Ctrls
0 E 1: 1
o Q
s Mum Inds LEDs
—
<
Text Inds Graph Indicat...
| » Control Design & Simulation
[ > .MET & Activex
| » Signal Processing
[ » addons
| » User Controls

Select a Contral...

>




Matrix Functions

=

»  Vision and Motion
Q search | & view~ | =1 ¥ Mathematics )
¥ Programming L Linear Algebra
L Array v [:: 2
L Matrix [ [EZZ]
. I@ EE] [E] Create Speci... Create Real ... Matrix
P rog rammin g Matrix Size Build Matrix ResizHe Mnatrix . ﬁ m
> >Array> > M atrIX [E] . ] Eg'g R M ath em atl CS >> Solve Linear Egs Dot Product  Outer Product
1 Ll - LE 4 .
Transpose M... Get Matrix Di... Get Matrix El... LI n ea r AI g e b ra [A;B’ [|[1‘1|,
(28] (&g] (28] (&g]
2 B 3 =3 Kronecker Prod  Determinant
Get Submatrix  Set Matrix Di... Set Matrix Ele... e
[E §][= ] rank
gt Yector Norm Mal Matrix Rank
Set Submatrix 653 [0 63 [0
» »  Measurement IjO ‘ [s]z% cond
» Instrument [jO Trace Test Matrix T... Condition Nu...
»  vision and Motion %
P Mathematics i)
» Signal Processing
» Data Communication
»  Connectivity
» Control Design & Simulation
¥ Express
HoOos @
e -
Input Signal Analysis Output =
» » >
B8 [ Ie
Sig Manip Exec Control Arithmpar
> Addons
b _Favorites Schur Hessenberg QZ
> User Libraries Tl e
Select a VI... AienB:0] FiteALH
A Sylvester Egs  Lyapunov Egs  Eigenvalues a...
| izl | | &5 [0 | il |
= 5T Eig¥,,

Generalized E... Matrix Balance Back Transfor...

BLAS P
|s1_al i




Memory Usage

e Automatic memory handling — no need to worry when
working with small sets of data.

e Some hints for working with large data sets:
- Initialize large data sets, other than dynamically creating them.
- Breaking a VI into subViIs.
- Do not overuse local variables.
- Unless needed, do not display large arrays and strings on open front panel.
- Use consistent data types for array.
- Refrain from using complicated hierarchical data types, such as clusters or arrays
of clusters containing large arrays or strings.
- Unless needed, do not use transparent and overlapped front panel objects.
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Charts and Graphs

| Modern

Waveform chart | «t+— XY graph

0

%Y Graph

)

WaVGfO rm g ra p h S / Ex XY Graph  Intensity Chart Intensity Graph

o ®

Digital Wavef... Mixed Signal ... Compass Plot

1| e—fr—<—3 2D math plots

Error Bar Plot Feather Plot XY Plot Matrix

) [o @

Controls 3D Picture 3D Graph \ 3 D m ath I Ot S
[ > System p
| » Classic
| » Express
. 5 D »
g |8
Mum Crls Buttons Text Ctrls
'Y g o 5 0 b
F o i
User Ctrls MNum Inds LEDs
Text Inds Graph Indicat...

| » Control Design & Simulation
[ MET & ActiveX

[ » signal Processing

| » addons

| » user Controls

| select a Contral...
A




Waveform charts

e Plot new data as they become available.
e Three update modes: strip chart, scope chart, and sweep chart .

Strip chart Scope chart Sweep chart

aaaaaaaaaaaaa

E i

T [
88888888888888

aaaaaaaaaaaaa
il
stop
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Multi-plot Waveform Charts

Plot 0

I/

\Waveform Chart

: Un /’,fll / ||| ] I \L f\}\‘

I 1 ' l

\Waveform Chart

Amplitude

[
121

Time
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Waveform Graphs

e Plot existing arrays of data all at once — different from

waveform charts.

\Waveform Graph

Waveform Graph

Amplitude
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XY Graphs

e Waveform graph is ideal for plotting evenly sampled
waveforms.

e XY graph is more suitable for situations where you want to
specify points using their (x, y) coordinates.

e Controls>>Express>>Graphs Indicators
XY Graph Ploto [N

b
» “on 10

» 4
) | Build XY Graph
Eilr X Input XY Graph
y JES ) o Y Input

XY Graph »

Amplitude
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2D Math Plots

2D Compass 2D Error Bar

2D Error Bar
: 5 tb-'_rhctor [W\J\
Helper

|Plot Helper (Percentage) '“

2D Compass

Others: 2D Feather and XY Plot Matrix




3D Math Plots

i oQ,Sean:h I S i ™ l

| ¥ Modern ~

e To visualize data in three dimensions.

Lap Graph

e Eleven types are available: Bar, Comet, k)
Stem, Pie, Scatter, Surface, Contour, Mesh,
Waterfall, Quiver, and Ribbon.

3D Mesh

g

’. o

Plot 5 0BT d
Helper

IPlot Helper {Vector) 'I]

Example

<]

Context Help 5] Waterfall surface Graph
| 3D Mesh Datatype.lvclass:Plot Helper.vi A @ @
| 3D Plot lvclass Array in 3D Plot lvclass Array out i .
B x vector X Parametric Gr... Line Graph
| | error ou
v vector [ » System
| error in {no error)
| 2z matrix [ > Classic
| Plot ID | ¥ Express __
| | Setup VI For 3D Mesh Plot, Converts mesh plot data to generic 3D data.. q '5 4 Q »
| The Yector instance creates a datapoint from the i-th element of the % vector input,
| j-th element of the y vector and ij-th element of the z matrix. Mum Ctrls Buttons
| | The Matrix instance creates a datapoint from the ij-th element of each of the matrix
| inputs. ILI].
| | Text Ctrls User Ctrls
| If only z matrix is provided, each ij-th element of z is plotted against i and j. N N
i ] o
Successive calls to this VI with the same 3D Plot input with different Plot ID values 4
ill t Itiple plots.
will create multiple plots v Ao Trdls IED: v




Example — Function Waveform Generation

Functions palette>>Signal processing>>Waveform
generation>>Basic function generator

P! Function Waveform Generation.vi Front Panel

File Edit View Project Operate Tools Window Hel - = N 3 N
- = = =) = = - 220 File Edit View Project Operate Todgls Window Help
> I@l u;u@ I 13pt Application Font |+ ” [ "Tu:v "ﬁv | If"ﬂvl \
~
Vsig|nal type reset signal ‘Waveform
“}iSine Wave 1.0 -y
) OFF

frequency DBLK
7
ﬂS.IU "
- sampling info [
amplitude -i:
.00 ‘—Ei =
ks g Freauency] oo 7
’H =387 [ 0 0 1 1
0.00 90.00 90.20 90.40 90.60 90.80 91.00
Vduty cycle (%) Time
7
J" ISD'UU phase out l_nstructions

|36.IJEI Set the inputs to the desired -

values and run the VI, Motice that
the time changes with each run G m
_ + untilthe reset signal input is set to ¥ S0 ﬁ
T iz IV IN/MS m ».T y,=y
@i ) / 7' 7.': J : <top |
ARVIEW  Stdent Eos
C - - : v —
I:lstudent Edition | < s Student Edition ¢
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Example — Lissajous Curve

e Lissajous curve is an XY graph of z = Asin(at +6), y= Bsin(bt),
The appearance of the figure is very sensitive to the ratio a/b

e Examples

al/b = 3/2
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Example — Lissajous Curve

e |n this example, we change the frequency of X and Y signal
and plot the Lissajous curve. The trim value is used to slightly
adjust the frequency of X signal to see the movement of the

curve.
v Exampies 1 Lissajous. v Fromt Pasl = X freq uen Cy = X S I |d e r+Tr| m/2 O O

Tools ‘Window Help

ile Edit View Project Operate T Hi
( @llSptAppllcatmnFant v”;D-”.‘u:-”&'l
This example shows a Lissajous curve in an X/Y Graph. B — H
Choose the raw frequencies for X and Y and trim the Y freq UenCy - Y SI Ider
. movement with the Trim Slider.
Y slider.

\ Trim
10- 1.0+ 1-
: 0.9-] I
0.8+ B
0.7 5
06
05

b~ onE : .
: Functions palette>>Express>>Signal

analysis>>Simulate signal

Simulate Signal

4

X slider

; __\JI Lii.'.
w2
0 i 2 3 4 3 ¢ T AS R 10

BE/EEIS9 | . GOVIEW Stidentediionl




Example — Lissajous Curve (From LabVIEW Examples)

B Example6.1-Lissajous.vi Front Panel

B Example6.1-Lissajous.vi Block Diagram

Operate  Tools Window

5[] [ 13p Application Fonkt T[] [65]

This example shows a Lissajous curve in an X/Y Graph.

File Edit Yiew Project Operate Tools Window Help

[ I@I nju@ Il,qlla( of | 13pt Application Font |+ ” [ |

][]

Choose the raw frequencies for X and Y and trim the
movement with the Trim Slider. ~
Trim : ;
10-
: - e K -
9= » } »
: Formula » ) Time Delay
= Slide Horizontal
2E Y Sine M
: » » N 1
B 4 »
s ; Build X¥ Graph
: ~ bocal) % Input
+ i b ¥ Input
e : | %Y Graph
: Simulate Signal
2' Sine ¥ ol
it b Frequency
: N ~/ 3 [IESTTY ) I—
= =l @
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[[Student Edtion | < CE L e e I Student Edition ¢ s
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Stand-alone Application

e You can use the Application Builder to build a stand-alone
application.

e You need to use a LabVIEW project for the building.

P! Getting Started
File Operate Tools Help

m La bV I E W LabVIEW Student Edition

N t . t New Latest from ni.com
ewem p y p rOJ ec ~—— "), Blank VI LabVIEW News ()
> &) Empty Project LabVIEW in Action (6)
&) vifrom Template... Example Programs (3)
0 More... Training Resources (4)
Online Support
Open

Discussion Forums
[md waveForm.vi

[md test.vi Code Sharing
=), Example6. 1-Lissajous.vi KnowledgeBase
=l ...le6.2-Function Waveform Generation.vi Request Support
=), PulseMonitor.vi Help
ﬂ "
& Radon.vi Getting Started with LabVIEW
%) ECG.vi
LabVIEW Help

|l Example10.1-SignalGeneration. vi

| Example10.2-SignalProcessing.vi List of All New Features

BE/EE] 89 Design and [m] ...ral Measurement of a Filter Design.vi Examples

I Browse... & Find Examples. ..
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Stand-alone Application — Add VI to Project

e You can either create a new VI or add existing VI to the

project.

—

{3 project Explorer - testlvproj

oo

File Edit View Project Operate Tools

Window Help

I

o HM| £

O |k R

[

-

-
43 Project Explorer - test.Ivproj

=)

File Edit View Project Operate Tools Window Help

O HME| X

“)G'HI@'HHTE'E“L

E

Items I Files l

=&l Project: test.vproj

i "% Build Speci

=)
@Foependenc [EnsaE——p i ——

Virtual Folder

Control
Library
Variable
Class

NI-DAQmx Task
NI-DAQmx Channel
NI-DAQmx Scale

Export »
Import >
Add 14
Arrangeby »
Expand All
Collapse All
Help...
Properties

New...

|

Items l Files ‘

= @ Project: test.lvproj

=8

Expand All
Collapse All

Help...
Properties

Arrange by »

Folder (Snapshot)...
Folder (Auto-populating)...
Hyperlink...




r —
{3 Project Explorer - test.lvproj *

Stand-alone Application — Create an Application

= | ™

. {3 My Application Properties —

r

File Edit View Project Operate Tools

Window Help

O HME| X

A=A E

>

Items | Files [

E}~@. Project: test.lvproj
= § My Computer
bl testwi

- 5% Dependencies

Application (EXE)

Installer

.NET Interop Assembly
Shared Library (DLL)
Source Distribution
Web Service (RESTful)
Zip File

Categol

Information
Source Files
Destinations
Source File Settings
Icon
Advanced
Additional Exclusions
Version Information
Windows Security
Shared Variable Deployment
Run-Time Languages
Preview

Build specification name

| My Application

Target filename

| Application.exe

Destination directory

| C\builds\test\My Application

Build specification description




Stand-alone Application — Configure the Application
§3 My Application Properties P ] X7

Information
Project Files Startup VIs &
Destinations @ N My Compute el testwi
Source File Settings
Icon
Advanced
Additional Exclusions =
Version Information

Windows Security Add Item:
Shared Variable Deployment T

Specify startup VI

Preview

Always Included -

- . — ) 4 1
{3 My Application Properties - - ! » u

Information

Source Files —
: e “| Destination label
Source File Settings Support Directory Application.exe
Icon
Rk Destination path
Additional Exclusions C\builds\test\My Application
Version Information
. . Windows Security

Choose destination plnistiri
Run-Time Languages Destination type
Preview

Directory

V| Preserve disk hierarchy
LLB

[7] Add files to new project library

Library name




Stand-alone Application — Build
My Application properties |

projectEplorer-testhprey ol ) (oo
Information
| File Edit View Project Operate Tools Window Help | Source Files Destinations A e
m- TGO [:\est:natlon label
PR = = o @ = ource File Settings : ication.exe
[fheHe | x HhOXV|ER|E-E o2we o
It = Adiavsed Destination path
ems I Files Additional Exclusions CA\builds\test\My Application
Version Information
=B} Project: test.lvproj Windows Security
L Shared Variable Deployment
S s My corn.pm:er Run-Time Languages Destination type
3 B testvi Preview Directory
?.; Depe"dendes [¥] Preserve disk hierarchy
= @ Build Specifications LLB
iles to new project libra
E_ [T] Add fil project library
Library name
Run o
Duplicate
Explore
Remove from Project
Properties B I d
[ Buld |[ ok |[ cancel |[ Help
r
R L=nae

File Edit Operate Tools

=

Window Help

Stand-alone application (*.exe)
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LabVIEW Programming — Data acquisition

e DAQ system

e Signals and signal conditioning
e Nyquist frequency

e NI|ELVISII

e NI-DAQmx and DAQ assistant
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LabVIEW Programming — NI-DAQmx, Strings and File /O

e Using NI-DAQmx Vls
e Strings
e Filel/O
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DAQ System

e Data acquisition (DAQ) is the measurement or generation of
electrical signals.

Data Acquisition
and Analysis
Hardware

Signal
Conditioning

Personal Software

Computer




Types of Signals and Signal Conditioning

e Digital signals: On-Off, Pulse Train

e Analog signals
- DC: static or slow changing signals
- AC: fast changing signals

e Signal conditioning: manipulating the signal before further

processing, e.g.,
- Amplification

- Filtering

- Isolation
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Common Transducers

Temperature Thermocouples
Resistance temperature detectors (RTDs)
Thermistors
Integrated circuit sensor

Light Vacuum tube photosensors
Photoconductive cells

Sound Microphone

Force and pressure Strain gauges
Piezoelectric transducers
Load cells

Position (displacement) Potentiometers

Linear voltage differential transformer (LVDT)
Optical encoder

Fluid flow Head meters
Rotational flowmeters
Ultrasonic flowmeters

pH pH electrodes
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Sampling and Nyquist Frequency

e For a given sampling rate, we can only recover signals with
maximum frequency less than the Nyquist frequency, which is

half of the sampling rate.

e Aliasing will occur if the maximum signal frequency is larger
than the Nyquist frequency.

Aliasing

BE/EE189 Design and Construction of Biodevices - Caltech






NI Data Acquisition Framework

4 N

* on Update Period
RNE 050 [C0)
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i | |
@ 000 100 200

Low Limit High Limit
Bi75.00 BEEI-- oo |
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NI ELVIS 1I

e ELVIS - Educational Laboratory Virtual Instrumentation Suite
e High-speed USB plug-and-play connectivity

e 12 virtual instruments: oscilloscope, digital multimeter,
function generator, variable power supply, etc.

e Bread board for circuit prototyping.
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Virtual Instruments of NI ELVIS Il

Instrument launcher

Digital multimeter

Function generator

* NI FLY¥ISmx Instrument Launcher

i - - g 2 = » 5

= = = =R e RN R

DMM Scope FGEN VPS Bode DSA AREB Digln DigOut Imped 2-\Wire 3-Wire
A

Oscilloscope Variable power supplies




NI ELVIS Il - Circuit Prototyping

e Fixed power supply: +5V, +/-15V.
e Variable power supply: 0 to 12V, 0 to -12V.

e 16 single-ended, 16-bit analog input, maximum 1.25 MS/s
sampling rate.

e Two 16-bit analog outputs (2.8 MS/s); 24 digital I/0O.

e LEDs for indication.
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NI-DAQmx

e NI-DAQmx: a DAQ driver architecture with significant
improvement over previous NI-DAQ drivers.

e Physical channel: a terminal or pin at which an analog or
digital signal is measured or generated

e Virtual channel: a collection of property settings that can
include a name, a physical channel, input terminal
connections, the type of measurement or generation, and
scaling information.

e Task: a collection of one or more virtual channels with timing,
triggering, and other properties.
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NI-DAQmx-Data Acquisition Palette

[ '»  Programming

| » Measurement IjO
L DAQmx - Data Acquisition

nnn|
Task Const Channel Const  Create Channel

DAQ Assistant —

(£ ]

Read Node ‘Write Node

Channel Mode  Timing Node  Triggering Mo
o ; = o
2 = s
= {35
DAQ Assist Real-Time Dev Config  Task Config/Ctrl  Advanced

de

[ »  Instrument IjO

| »  vision and Mation

|'» Mathematics

| » signal Processing

|'» Data Communication

[ » Conmectivity

| »  Control Design & Simulation

| » Express

[ » addons

[ » Favorites

[ > User Libraries

[ selectavr...

»




Using DAQ Assistant -1

-
e You can acquire or

H - ) NATIONAL
generate signals NI-DAQ WnsTrOMEnTS

o Exa m p I e : Se I e Ct ”Acq u | re Select the measurement type for the éE' Acquire Signals

task. = Analog Input

Signals >> Analog Input >> el ehanels with timing, tigoarng. [ & voltooe

and other properties.

&7

V I t 17 f .- . I . s i, Temperature
O have multiple measuremen ypes
O age O r acq u I rl ng a na Og vithin 2 single task, you must first create &% Strain
. the task vith one measurer‘pent type.
voltage signal. Chenits o g o A% & corens
measurement type to the task. 4}\; Resistance
|%s  Frequency
Position

tz Acceleration
@ Custom Yoltage with Excitation
Q Sound Pressure

Counter Input

Digital Input

@ TEDS

Generate Signals

Back || Nexst > Finish 4




Using DAQ Assistant — 2

e Select the physical channel

Create New Express Task...

NI-DAQ WaTONAL
DAQ Assistant

A W Physical }
Select the physical channel(s) B
to add to the task. Supported Physical Channels
If you have previously =] Devl (MIELVIS II) A~
configured global virtual 0 —
channels of the same a!
mezsurement type as the task, ail
click the Virtual tzb to 2dd or ai2
copy global virtuzal channels to i3
the task. When you copy the a!
global virtuzl channel to the ai4 =
task, it becomes z local virtual = ais
channel. When you add 2 6
globazl virtuzl channel to the a!
task, the task uses the actual ai7
global virtual channel, and any aig
changes to that global virtual o -
channel zre reflected in the .
task. ailo
If you have TEDS configured, ai“
click the TEDS tzb to =dd TEDS ail2
channels to the task. — ail3 v
For hardware that supports
multiple channels in a task, <Ctrl> or <Shift:> click to select multiple channels.
you can select multiple o

Next > Finish

.|




Using DAQ Assistant -3

#2 DAQ Assistant

v ™ - + X ‘<@‘

] CO n fi g u ri n g t h e C h a n n e I Undo Redo | Run Add Channels Remove Channels Hide Help
{% Express Task [é Connection Diagram| gl ﬁl

settings and testing the 1

0- Meost measurement
devices are designed

for measuring, or
I I |X a S -1 1 1 1 1 1 | 1 1 | | reading, voltage. Two
a 20 40 60 80 100 120 140 160 180 200 common yvoltage
Time measurements are DC

and AC.

. AutoScale Y-Axis
Display Type “ DC voltages are useful

for measuring
phenomena that
—_— change slovdy vith time,
Configuration ‘ Triggering “ advanced Timing ‘ such as temperature,
pressure, or strain.

Amplitude

Channel Settings AC voltages, on the

g ~ other hand, are
@ Details - VOItage InDUt Setup vaveforms that
= " " N constantly increase,
Settings ’ ﬁ\ Calibration | decrease, and reverse

polarity. Most
Signal Input Range powerlines deliver AC

Scaled Units voltage.

Terminal Configuration

Ciik the Add Chamels button [ Dfercntid v 8 ¥l
{+} €0 add more channels to Custom Scaling »
the task, I,EU Terminal Configuration

specifies the grounding =

| €

mode used for the
virtuzl channel:

Timing Settings . .
Acquisition Mode Samples to Read Rate (Hz) ¢ Differential—

Depending on your
N Samples Vl | 100] | 1k specific hardware, the

positive and negative
inputs for the
physical channel are
either unreferenced
or are connected to
measurement
system ground v




Using DAQ Assistant — 4

e The output can be displayed in a waveform graph

Waveform Graph Voltage J

W\ M | M ﬂw’\ﬂﬂw

I 1 I I 1
0.02 004 0,06 0,08 0.1
Time

0.001 -

. ’ 0.0008 -

» .

r | wWaveform Graph 2 0.0006

DAQ Assistant 5 00004~

data >== I

=8 0.0002 -
0 —

pl

W

-0.0002 -}
0
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Work Example 5.1 — Voltmeter

»! Example7.1-Voltmeter.vi Front Panel

File Edit View Project

Operate Tools Window Help

S[=/e9

| 13pt Application Font |v! B

‘7 NATIONAL
P~ INSTRUMENTS
LabVIEW" Student Edition g

Student Edition | ¢ |

4 &

b

11T}

P Example7.1-Voltme... |- |00 X|
File Edit Yiew Project Operate ae-

[]=] O [n][@][5

]
3 » Top Lt ==
'
g ' § Yoltage
DAQ Assistant
data ¥
R4 DE ‘E
LUUIE Sty EdDG)
Student Edition ¢ i | @




Work Example 5.2 — Voltage Generation

e Generate a sawtooth waveform

. Example7.2-VoltageGeneration.vi Bloc... [:]

File Edit VYiew Project Operate Tools Window Help
= oty
[2]®] ©[m][@][25] [walEos 1ot s
A
»
:
> »
[ j | DAQ Assistant
foo}-rra oo > P oeta
/ - . TF
TEAIATEATAR A
v
Student Edition_ ¢ i 3 ::




NI-DAQmx Vis — Create Virtual Channel

e DAQmx Create Channel: Creates a virtual channel or set of
virtual channels and adds them to a task. If you do not specify
a task, NI-DAQmx creates a task for you and adds the virtual
channels this VI creates to that task

Context Help

Select channel types Examples
DAQmx Create Channel (AI-Yoltage-Basic).vi
input terminal configuration -
minimum value t e
maximunn value  dnalog Input  p BRI
taskin task out Analog Output b Voltage RMS
physical channels nalog Lutpy olage
name ko assign procoaocos gYror out Digital Input Temperature >
units : Digital Output Current
EFror in s . Counter Input B | Current RMS
custom scale name Counter Qutput p | Resistance
Creates channel(s) to measure voltage. If the measurement Strain 2
requires the use of internal excitation or you need excitation Frequency >
to scale the voltage, use the instance of this VI, .
Position >
Detailed help 3 Acceleration »
> Sound Pressure B
More >
TEDS >
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NI-DAQmx Vis — Timing

e Configures the number of samples to acquire or generate and
creates a buffer when needed. Specify the sampling rate or
use an external clock.

Context Help

>

DAQmx Timing (Sample Clock).vi

samples per channel
sample mode
task/channels in task out

rate

source prococococs grror out

active edge
error in

Sets the source of the Sample Clock, the rate of the
Sample Clock, and the number of samples to acquire
or generate,

Detailed help

F[&]2]< >

P ¢




NI-DAQmx Vis — Trigger

Context Help

e Configures triggering for the task.

DAQmx Start Trigger (Analog Edge).vi =

® A n a I O g t r | g g e r taskfchannst;l:ni:g _ﬂ_ task out
slope poccooooce: gYYOr OUE
Acquired Signal /\/WW uva_eu

Configures the task to start acquiring or generating

Input Signal samples when an analog signal crosses the level you
if
specify,
. . Detailed help P
Trigger Signal GOk 3

e Digital trigger

Acquired Signal W/\A/

Context Help

DAQmx Start Trigger (Digital Edge).vi

task/channels in task out
source ﬂ'
edge errar out
error in

Input Signal
Configures the task to start acquiring or generating
Trigger S|g n a| samples on a rising or falling edge of a digital signal.
Detailed help




NI-DAQmx Vs — Start, Stop, and Clear

e To start, stop or clear the task

Context Help

DAQmx Start Task.vi
task/channels in task out
b

~m
{38
v

error in error out

Transitions the task to the running state to begin
the measurement or generation. Using this VI is
required for some applications and is optional for
others.

Detailed help

F5[2]<

[

>

. €

Context Help

DAQmx Stop Task.vi

task/channels in T task out

error in i

am
s
v

error out

Stops the task and returns it to the state the
task was in before the DAQmx Start Task VI ran
or the DAQmx ‘Write VI ran with the autostart
input set to TRUE,

Detailed help

F5[2]<

>

[
. £

Context Help

DAQmx Clear Task.vi
task in
el
error in A error out

Clears the task. Before clearing, this VI
stops the task, if necessary, and releases
any resources the task reserved. You
cannot use a task after you clear it unless
vou recreate the task,

Detailed help

|

>

¢




NI-DAQmx VIs — Read, Write

To read from or write to the task/channels.

Context Help

Context Help

i A~
DAQmx Read (Analog DBL 1Chan 1Samp).vi — DAQmx Write (Analog DBL 1Chan 1Samp).vi &
task/channels in task out aULQ Skart

&0 L data task/channels in : task out
. DO oy
Errorin Brror out dat.a DO number of samples written p...
Reads a single floating-point sample from a task FATOrR) error out
that contains a single analog input channel, Writes a floating-point sample to a task that contains a single analog
Detailed help 2 output channel.
&8 [?]< > Detailed help
\)
E[s[2]< 3| .




Example — Acq&Graph Voltage-int Clk
(From LabVIEW Examples)

ExampleB.1-Acq@Graph Voltage-Int Clk.vi Block Diagram

File Edit View Project Operate Tools Window Help ™
o & € \IE] - ||.Q|!5’\ of | 13pt Application Font |~ ” ;,;v| e~ I |f‘1v l 4 I
Ei ject  Operate =
ﬂ @ @ [ 13pt Application Font |+ ||::.~ ” F Finite Samples ~
i select Help>>Show Context Help = Minimum alue L Samples per Channel
Physical Channel 1.3 Maximum Yalue L 132 timeout Measurement -
% Devifaio - Rate n 10.00 OK message + warnings v
Minimum Value Physical Channel
oJ-10.00
Maximum Value
\ _I Voltage v Sample Clock ¥ Analog 1D Wfm
i) 0.8 z 2 = NCha?ﬂ NSamp M
= l
= 1.2-
Timing Parameters B
Samples per Channel
gso Steps:
ps:
Sample Rate (Hz) 1. Create an analog input voltage channel.
L)mo.an 2. Set the rate for the sample clock. Additionally, define the sample mode to be finite and set the number of
samples to be acquired per channel.
3. Call the Start VI to start the acquisition.
1.1 i 4. Use the Read VI to measure multiple samples from N Channels on the device. Set a timeout so an error is
2 2:04:03.93 PM - . iy
Time s . returned if the samples are not returned in the specified time limit
ARICTDIIRACRI TG E S. Call the Clear Task VI to clear the Task.
p. T S - b 6. Use the popup dialog box to display an error if any.
il 2 yu = = Gilv
[ Student Edition | < >
v
Student Edition ¢ >
[ —
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P ExampleB.1-Acq@Graph Voltage-Int Clk.vi Block Diagram

File Edit Yiew Project Operate Tools Window Help

D@ @ m][2](25] [val@| ot | 130t Application Font |~ || 3o || T~ | (€5~ ][ 23]

|Finite Samples ~|

Minimum Yalue |@ »
Maximum Yalue |@ »

Samples per Channel

-_ timeout
Measurement - =
Rate @—[ I :‘10.00 [OK message + warnings ¥|

Physical Channel DA mx g DAC.rx o e DIAi(rix |
uz I | 60 &
|_nnn) v AN g
|AI Voltage v|| |Sample Clock '|| Analog 1D Wfm _
MNChan MNSamp

L] E]

Steps:

1. Create an analog input voltage channel.

2. Set the rate for the sample clock. Additionally, define the sample mode to be finite and set the number of
samples to be acquired per channel.

3. Call the Start ¥I to start the acquisition.

4, Use the Read YI to measure multiple samples from N Channels on the device. Set a timeout so an error is
returned if the samples are not returned in the specified time limit

S. Call the Clear Task VI to clear the Task,

6. Use the popup dialog box to display an error if any. ’ 1T ’ —

Student Edition ¢




Strings

e String: a sequence of characters that can be displayable or
nondisplayable.

QSearch oo vtiew~ | =P
| ¥ Programming
l‘String

[PCRE] EZ3 jan
3

Match Pattern  Match Regula... Format Datef...

=] =" LEC
é"’ E LE‘E DD
StringfMumbe... Scan From St... Format Into S... Spreadsheet ... Conversion Build Text Trim Whitesp... To Upper Case
Cl 1

To Lower Case Space Constant String Constant Empty String ... Carriage Ret... Line Feed Co... EndofLine C... Tab Constant

| »  Measurement IjO

| »  Instrument IjO

| » vision and Motion

| » Mathematics

| »  Signal Processing

| » Data Communication

| »  Connectivity

| »  Control Design & Simulation

|w Express
» » > » »
> = oy B3
8 = B e @l [&
Input Signal Analysis Qutput Sig Manip Exec Control  Arith & Compar
| » addons

| » Favorites

| » User Libraries
| SelectaVl..

_ﬁ




Format into String

e The format string is similar to those in C except some
additional features.

Context Help Exa m ple
Format Into String A
format string resulting string

initial string ] resulting string !

errar in {no error) =F = ’| B error out P o] |- :
input 1 {0) —— P number

input n {0) £§1.23

) DEL .

Formats string path, enumerated type, time stamp,
Boolean, or numeric data as text.

Detailed help

<
=

| s
-~
|
b |




File 1/0

e File I/O operations pass data to and from files
- Opening and closing data files.
- Reading data from and writing data to files.
- Reading from and writing to spreadsheet-formatted files.
- Moving and renaming files and directories.
- Changing file characteristics.

¥ Programming

L File 1jo
& ¥z
= # [ |F O ¥
igs sz
\Write Spread... Read Spread... ‘Write Meas File Read MeasFile Open/Create... Close File
0 % O O %0
N B B B OB OB
Aom abc abc o101 0101
Format Into File Scan From File  ‘Write Text File Read Text File ‘Write Binary File Read Binary File
2 4 ) 2
s > -
’ k TIDMS @
Build Path Strip Path File Constants  Config File ¥Is  TDM Streaming Storage
> PR 4
B 3%
Zip XML Adv File Funcs

P Measurement IjO

b Trckviirmank TiO



Read from and Write to Measurement File

e Use these express Vis for easy writing and reading

I test.lvm - Notepad Q@@

File Edit Format WYiew Help

1
Example lvm file |3
1

RN I SN N

P Configure Read From Measurement File [Read From Measurement File] X . Configure Write To Measurement File te To Measurement File]

File Format

il
= Filename
C:\Documents and Settings)JigangiDesktopitest.lvm C:\Documents and Settings|JigangiMy Documents) () Text (LvM)
LabYIEW Dataltest.lvm .
O Binary (TDMS)
File Format Time Stamps O Binary with XML Header (TDM)
@ Text (LyM) (®) Relative to start of measurement | Lack file For

v|Read generic text files R
© (O absolute (date and time) Action
(O Binary (TDMS) Segment Headers
(O Binary with XML Header (TDM) () Save to one file
e () One header per segment
| Lack file For Faster access Segment Size [] Ask user to choose file O
B} o ne header only
Action (%) Retrieve segments of original size Samples Ask only once Otiohoad
. et o headers
[[] Ask user to choose file (O Retrieve segments of specified size ko e

X Yalue Columns
If a file already exists

Generic Text File
Sample data Read File Now (5) Rename existing file () One column per channel

Delimiter o
(® Tabulator ; i a (O Use next available filename (O One column only
(O Comma 2 5 (O Append to file () Empty time column
1 4 O Overwrite file
Delimi
Start row of numeric data L
! £ Tabulator
= ‘ (O Save to series of files (multiple files) ©
X . i — (O Comma
[C]First row is channel names ‘ Settings... ‘
[]First column is time channel
Decimal Point File Description
.+ (dot
© @ 3 ‘ Advanced... ‘
O, (comma) < 5 l o

[ OK ] [ Cancel ] [ Help ]

OK I [ Cancel J [ Help ]




Example — Write to Text File
(From LabVIEW Examples)

P ExampleB.2-Write to Text File.vi Block Diagram [D
=

' File Edit Yiew Project Operate Tools MWindow Help
|c{>|{§| @l@ |I..QII?|Dj} | 13pt Application Font |~ {(§v |

prompt
lselect a data file to write. |

default name i 5
extFile.txt 20
| open or create v

@ write-only ¥ -

number of points/acquisition

] (€5 |[*a 2]l

[ >

number of acquisitions

i

Open file dialog window and create | |Generate array of time stamped random data with tab delimiter and write to Close file and
new file or replace existing file. file. S00ms delay has been added to loop to free processor time and show check for errors,
variance in time stamp. S INVAVTIAUAN VA [ |

Set number of points to acquire and
number of acquisitions.

Student Edition ¢ 2 .




Example — Read from Text File
(From LabVIEW Examples)

P ExampleB.3-Read from Text File.vi Block Diagram

File Edit View Project Operate Tools Window Help
.@ @IE [ba|@P|o# | 13t Application Fort |+ || $v || Tav | |c§;v||1:d Rt
~
prompt Data String W
Select a file ko read:
|
Time Stamps
Data Graph
Time Stamps $DBL]
{1 — 1 o]
PltemNames
----- B [stas}
m ............
(Open File Dialog to select file to read. Convert tab delimited string into string | [Load string array of Convert 2D string array of data to numeric [Clear front panel controls of current data.| [Check for errors
Read file and display in string indicator. | |array and strip time stamp information. | [time stamp data into array and pass into graph indicator. Use list .
list box. box to select index of data to plot, Wait For —
Front Panel Activity pauses the while loop until ety T
it detects a front panel activity.
™
I Student Edition ¢ 3 .:
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LabVIEW Programming — MathScript, Matlab, Curve
Fitting, and FFT

e MathScript RT module

e Matlab integration

e Curve fitting

e Signal processing — transforms
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LabVIEW Programming — Analysis and Signal Processing

e Differential Equations
e |ntegration and Differentiation
e Signal generation and processing
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MathScript RT Module

e Provides access to a text-based math-oriented language with
a command-prompt from within the LabVIEW development

environment.

e Similar to Matlab in syntax.

P LabVIEW MathScript

MathScript interactive window

[[] Graphical first

Command Window
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MathScript Nodes

o \liew ¥

| ¥ Programming
L Structures

ke m

For Loop While Loop  Timed Structu Case Structure

vent Structure  MathScript Flat Sequence Stacked Sequ...

e MathScript can be integrated
into the VI using the MathScript
Nodes.

MathScript Node

%]
Formula Node Diagram Disa... Conditional Di... Feedback Node
B Untitled 13 Block Diagram * D\)
File Edit View Project Operate Tools Wingbw Help LOCAL DI:]

O (][9] 5] [bal

Shared Variable Local Variable  Global Variable Decorations

Measurement IO
Instrument IO
Yision and Motion
Mathematics

Signal Processing
Data Communication
Connectivity
Control Design & Simulation
Express

Addons

Favorites

vvwwvwvwvwvwvwvwvww|

I Student Edition ¢

User Libraries

Select a VI... '

>




MathScript Node — Input and Output

e To interact with the rest of VI, the MathScript Node usually
need to specify input and output.

Right click the MathScript Node

Yisible Items >
Help
Examples

Description and Tip... Add | N put

Structures Palette 4

-
Add Output \
Probe Add output

Breakpoint 4
Script Highlighting 4

Import...

Export...

Clear Script

Clear Script Breakpoints

Properties




Matlab Integration

e Matlab script can be used directly in LabVIEW, similar to the
MathScript Node.

e Matlab must be installed.

Q, search | 2 view~

| »  Programming

| » Measurement IjO
[ » Instrument IjO
| » wision and Mation

| ¥ Mathematics X MATLAB script y
L Scripts & Formulas E
L Script Nodes DEL DEL

MATLAB script

7

| » signal Processing

| »  Data Communication

[ » Connectivity

| » Control Design & Simulation

| » Express
| » addons
| » Favorites

| » User Libraries
Select a VI...

>




Example — Gaussian Beam Propagation

P Example9.1-GaussianBeam.vi Front Panel E‘@|r2|
File Edit View Project Operate Tools Window Help

. Example9.1-GaussianBeam.vi Block Diagram [Z|@|g|

: File Edit View Project Operate Tools Window Help @o
(28] @ ] oot o ][] BEl Oh e e P o | o

% plot gaussian beam
lambda = 0.5; % wavelength {um)
% wi = 0.5; % beam waist radius {um)

zr = pi*wD"2flambda; % Raileigh range {um)

for i=1:200, % for each z position
z=(-100) * 0.5;
wz = wl¥sqrt{1+{zf2r)~2); % beam radius at
for j=1:50, % for each y position
r = (j-25)*0.5;
I{i, i) = (wojwz)~2¥exp(-2*r 2wz ~2);
end
end
I=log10{I+1e-15);

O BN -

1L

" INSTRUMENTS'
LabVIEW' Student Edition |5 _
Student Edition | < | i | E: @‘_J i




Example — Heat Transfer
(From LabVIEW Example)

P! Example9.2-Heat Equation.vi Front Panel Q@@
File Edit Yiew Project Operate Tools MWindow Help
E _ O
|:{>|{§}I [Q]’_l_ll | 13pt Application Font |« ”;,;.v“.n.v"&v”&)v HEATEQ
~
Intensity Graph Simulation Parameters
[ 0- 1000 1 - ..
— Initial Background
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Curve Fitting

e |east squares method

Error Function  Observed data

l' l' \/ Jacobian equation: Oe(a) =0

e(a) =[f (x,a) ~ y(x)F ——_

» Programming

CO efﬂ CI e n tS P Measurement IjO
» Instrument IO
» Vision and Motion
e Curve-fitting in LabVIEW: " e
- Linear fit
- Exponential fit
- General polynomial fit =i
- General linear fit I}i’ =1
Ignal Frocessing
- Nonlinear Levenberg-Marquardt fit ae—
- B_Sp“ne fit : E::rt;zlsoesign & Simulation
» Addons
P Favorites
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Fitting Vis

Context Help

Linear Fit.vi &
Y r e 2 Best Linear Fit
b |£ o slope
\Weight J L intercept
tolerance error
method ———————residue
parameter bounds s
Returns the linear fit of a data set (X, ¥) using the Least
Square, Least Absolute Residual, or Bisquare method.
Detailed help
™
ol .

Context Help

|>

Gaussian Peak Fit.vi

initial guess il offset
Y A Best Gaussian Fit
X = 750 LL amplitude
Weight center
tolerance ‘ ‘ standard deviation
errar

method
parameter bounds residue

Returns the Gaussian fit of a data set (X, ¥) using the Least
Square, Least Absolute Residual, or Bisquare method.

Detailed help

Context Help

Exponential Fit.vi

ki r e 2 Best Exponential Fit
X b B amplitude
Weight —I_ i damping
tolerance offset
method error

parameter bounds residue

Returns the exponential fit of a data set (X, ¥) using the
Least Square, Least Absolute Residual, or Bisquare method.

Detailed help

K%

[>

. €

Context Help
B-Spline Fit.vi

# of control points —]
i A Best BSpline Fit ¥

X= =%  Best BSpline Fit X
Weight T — ‘—error
degree residue
parameter selection

Uses B-spline fitting to smooth a data set (X, ¥).
Detailed help

>

. €




Example — Linear, Exp, and Power Fitting
(From LabVIEW Example)

(3 Example10.1-Linear, Exp, and Power Fitting.vi Front Panel

File Edit View Project Operate Tools Window Help
IL{)]@I @ I 13pt Application Font |« ”:D‘- ”.T];v ”&v I If"’vl

This example generates data sets and then uses either a linear, exponential, or power fit function to create

a best fit line fFor the data. A new data set and best fit line is generated each time you change to a different

tab or press the "Refresh" button,

Instructions:

1) Enter the parameters {i.e. Mumber of points, a, b, etc.) for the data points to be generated according to the model.
2) Run the ¥I and click on different tabs to view different types of data sets and their corresponding best fit line.

Mote, If you change the parameters while the VI is running, refresh the graph by pressing the "Refresh” button.
3) Look at the block diagram for more information.

Linear Fit | Exponential Fit | Exponential+offset Fit | Power Fit

Linear Model:
= =% i o -
¥ = a*x + b + noise Data
Linear Model Graph Linear fit | AN
MNumber of points 0% :
[ — X slope
B o’ 0.990462
40~ 3 :
. -
7 ) “7 intercept
- 0.212212
b
o
o~
residue
noise amplitude —_—
' T X |0.53492
v, J0.8
Simple linear fit for the data generated by the model v = a*x + b + noise
‘method
E‘) Least Square
Refresh STOP ( [ )
r - F 2
Student Edition | ¢
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Signal Processing — Transforms

i [X]
O\ Search | oo View ™
| »  Programming

| » Measurement IjO
| » Instrument I}O
| » vision and Mation
| » Mathematics
FFT | w Signal Processing
L Transforms
e l[e]l[<e

Hilbert Transform — S itver | ey

ol @[] |0

S 1[E]1=

e | A | [
Inverse FFT — B [

ﬁ%’s 1“} Hilbert | [Hartley

=a o

[ =a
| AT [

fea BN

| » Data Communication

| »  Connectivity

| » Control Design & Simulation

| » Express
| » addons
| » Favorites

| » User Libraries
| SelectaVl...

A




P! Example9.3-2D FFT of a Pulse.vi Front Panel

‘E ‘ 13pt Application Font

]
[

Example — 2D FFT of a Pulse
From LabVIEW Example)

Example9.3-2D FFT of a Pulse.vi Block Diagram
Operate Tools Window Help

File Edit Yiew Project

array size
L
delay x
gF Image
width x
i |
delay v
W |
width v
W |

Inverse 2DFFT{ 2DFFT{Image} }
64-)
50~
40~

Student Edition | ¢

-100.00
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-0.00

-100.00

-50.00

-0.00

~ D& © @ ||,,ul!5’\_,_ | 13pt Application Font

M (2N

=

& 154

Magnitude of 2DFFT{Image} -2400

-400
2D Pulse.vi

Nyquist-Shifted 2D FFT -2400

| Student Edition €

[ & ]

BT
8

[inverse 2DFFT{ 2DFFT{Image} }|
»

fagnitude of 2DFFT{Image}
)

quist-Shifted 2D FFT
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Differential Equations

e LabVIEW can solve ODEs and PDEs numerically.

Functions
Q Search | oo View ™

» Programming

Measurement IjO
Instrument IjO
Yision and Motion

4d v v »

Mathematics
L Differential Equations

» , *
A fiw Fiusf [

Ordinary Diff... Partial Differe...

Signal Processing

Data Communication
Connectivity

Control Design & Simulation
Express

Addons

Favorites

v v vV vV vV v v v

User Libraries
Select a vI...

>

&

Fun

ctions

Q Search | S Wiew™

>

d vwvw

Lin. Syst Num

vivwvwvwvwwvwv|

Programming
Measurement IjO
Instrument IjO
Yision and Motion
Mathematics
L Differential Equations
L Ordinary Differential Equations

P i i
[ Kures Karp
ODE Solver RK 4th Order ~ CK Sth Order
N = R =

Euler Method  Lin. n-Ord Mum  Lin. n-Ord Sym

[] HUM [] 5™
LD L
aiebiiz0 aisb

Lin. Syst Sym

Signal Processing

Data Communication
Connectivity

Control Design & Simulation
Express

Addons

Favorites

User Libraries

Select a VI...

»

Q, search | & view~

4d v v w

v v wvwvwwvw w|

>

Programming
Measurement IjO
Instrument IO
Vision and Motion
Mathematics
L Differential Equations
L Partial Differential Equations

3 v 3 v 3 v
2 I - I =
Define Equation  Define Domain  Define Bound...
3 v 3 v 3 v
@ﬁo Kohas &
Define Initial ... Solver Rendering

Signal Processing

Data Communication
Connectivity

Control Design & Simulation
Express

Addons

Favorites

User Libraries

Select a VI...
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Finding Zeros of Functions

e LabVIEW provides Vls that can be used to compute zeros of
functions.

Q search | & view~
| » Programming

| »  Measurement IjO
| »  Instrument IjO

| »  Vision and Mation
| ¥ Mathematics

L Scripts & Formulas
L Zeros

=] =]
i Y.

Find All Zeros  Mewton Raph... Ridders Zero ...
B e
£4.93:0) f443=0)
9¢.3:0) 9¢.43=0)

nD Monlinear ... nD MNonlinear ...

| » signal Processing
| » Data Communication

| »  Connectivity

| »  Control Design & Simulation
| » Express

| » Addons

| » Favorites

| »  User Libraries
Select a VI...
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Integration and Differentiation

e LabVIEW provides Vls for integration and differentiation.

o \liew

| » Programming

| » Measurement IjO
| »  Instrument IjO

| » Vision and Mation
| »  Mathematics

L Integration & Differentiation

I3 [iE] [iE
¥ gadl panies
Numeric Inte... Uneven Num... Quadrature
[iE I3
freadt] I Jitx
Integral x(t)  Derivative x{(t) Time Domain ...

| » Signal Processing

| » Data Communication
| »  Connectivity

| » Control Design & Simulation

| » Express
| » addons
| » Favorites

| » User Libraries
| Selecta V..

>




Signal Generation

e For testing algorithms and other purposes when real-world
signals are not available.

e Signal can be generated by
- Mathematical equations
- Arrays of data points
- Signal generation Vis for common signals
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Normalized Frequency

e Also called digital frequency.

Analog frequency

f = Normalized frequency =

Sampling frequency




Signal Generation Vls

| »  Programming

| » Measurement IjO
| » Instrument IjO

| » Vision and Motion
| »  Mathematics

| ¥ Signal Processing

L Signal Generation

Jos Jos Jos o Jo Jos Joo
S - e - N W L v
SigGen Duration Tones & Noise  Gauss-Mod Sine  Gauss Monop...  Sinc Pattern Periodic Sinc Sine Pattern  Triangle Pattern  Pulse Pattern
dac das dac das das A== dac
PR ‘*w“i “‘v“i ¥ 4 e t:m =
Ramp Pattern  Chirp Pattern Sine Wave Triangle Wave  Square Wave Sawtooth Wave Arbitrary Wave Uniform Noise  Gaussian Noise
Jas =) Jas Jas [ :13 ) i o
Hroriver = = = 3 =
L1t L L ¥ by it e AR

Random Moise Binary MLS  Impulse Pattern Gamma Moise  Poisson Moise  Binomial Noise ~ Bernoulli Moise Pulse Train

| » Data Communication

| »  Connectivity

| »  Control Design & Simulation

| » Express
| » addons
| » Favorites

| » User Libraries
| SelectaVl...
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Example — Signal Generation

e Generate sine, triangle, square, and sawtooth signal.

File Edit Yiew Project Operate Tools Window Help o
et N

Il{) |@| ,EI I 13pt Application Font |+ “ o ”fﬁ:v ||gv I I(""vl
Signal Plot 0 A

Sine | Triangle | Square | Sawtooth |

Signal Parameters

amplitude  phasein

7% 7%

7, H 1.00 7, HU .00
frequency (cyles/sample)

“111.0000E-3
~

Amplitude

STOP

1
400
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Signal Processing — Spectral Measurements Express VI

e The spectral measurements Express VI performs spectral

measurements, such as spectral power density.

P Configure Spectral Measurements

v

FEAK

Spectral
Measurements

»

Signals

FFT - (RMS)

»

Phase

»

Selected Measurement
(5) Magnitude (RMS)

() Magnitude (Peak)

(O Power spectrum

() Pawer spectral density

Window

Hanning

[[] averaging
Mode
Vector
RMS
Peak hold

Weighting
Linear

Exponential

Produce Spectrum

Every iteration

Phase
[[Junwrap phase

[[]Convert ta degree

BE/EE189 Design and Conszl

Only when averaging co

Result
(O Linear
®ds

Number of Averages

10

mplete

Windowed Input Signal
3.026882 -

| s r..Hl.ﬂl /.

Amplitude

Magnitude

[ [ | [ [ [ 1 [ [ [
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Frequency

Phase Result Preview
4 -

Phase (rad.)

1 1 1 1 1 | 1 1 1 1
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Frequency
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Lo J [

cancel | |

Help
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Signal Processing — Filtering

LabVIEW can be used to implement digital

filters
- Finite impulse response (FIR) filters
- Infinite impulse response (IIR) filters

Q search | & view~

Programming

Measurement IO
Instrument IjO
Vision and Motion

Mathematics
Signal Processing
L Fiters

[

B

B
B

Inv Chebyshev

Equi-Ripple LP

Equi-Ripple BS
[

FIR Win Filter

»
LLJ
IR

Advanced IIR

Data Communication
Connectivity

Control Design & Simulation

Express
Addons

Favorites

User Libraries
Select a VI...




Signal Processing — Filter Express VI

[

Filter

» Signal

Filtered Signal »

®. Configure Filter [Filter]

Filtering Type
Lowpass v

Filter Specifications
Cutoff Frequency {(Hz)
100 &

High cutoff frequency (Hz)
400

(O Finite impulse response (FIR) filter
Taps
(® Infinite impulse response (TIR) filker

Topology
Butterworth v

Order
3

<>

Input Signal

1 I I 1 I I I 1 1 |
01 02 03 04 05 06 07 08 09 1
Time

Result Preview

W “"JH“'}' {iiy A

—
o o
| I

Amplitude

~
o
|

-30-7
0 010203040506070809 1
Time
Yiew Mode
® signals [[]show as spectrum

(O Transfer function
Scale Mode
Magnitude in dB

Frequency in log

[ oK ] [ Cancel ] [ Help
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Example — Signal Processing

B Example10.2-SignalProcessing.vi Front Panel
File Edit View Project Operate Tools Window Help ‘ﬁ"
@ | 13pt Application Font |« ” [ I o~ ||gv I |t"‘3v| Filter
N
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Polymerase chain reaction - PCR

/'
e leated » . . . e .,
/ e - e
| Wy e ik e e e
s ¥ o o "0
K @ 6 ® e
AN o %
/"
\

‘ DNA primer

nucleotide

4y HE

/NS

0 Denaturation at 94-96°C

e Annealing at ~68°C

e Elongation at ca. 72 °C



issue &

Ethidium bromide-stained PCR products after gel
electrophoresis. Two sets of primers were used to amplify

a target sequence from three different tissue samples. No
amplification is present in sample #1; DNA bands in
sample #2 and #3 indicate successful amplification of the

target sequence. The gel also shows a positive control,
and a DNA ladder containing DNA fragments of defined

length for sizing the bands in the experimental PCRs.



https://en.wikipedia.org/wiki/Gel_electrophoresis

