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LabVIEW Trivia

« What does LabVIEW stand for?
Laboratory Virtual Instrument Engineering Workbench.

 What is LabVIEW?

LabVIEW is a graphical programming language, typically
used for data acquisition, instrument control, and industrial
automation.

Introduced in 1986, it is supported by several OS (mostly
Windows, Unix and Linux) and it can be installed on PCs
as well as industrial controllers.
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Graphical Program

MATLAB, HTML, Java are all traditional textual languages:
the code consists of a sequence of operations/instructions.

LabVIEW is a graphical (G) programming language:
* no text but a sort of block diagram

» each block correspond to an operation/instrument
« each block has different options/configurations

« the connection defines the order of the different stages
and the flow of the data
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Advantages

LabVIEW yields also signal processing functionalities, but it
is mostly used for:

1. remote instrument control
2. measurement data acquisition
3. automatic control routines

NB: a program in LabVIEW is called Virtual Instrument (VI)
as it behaves as an instrument with controls and outputs
(either numeric results or graphs).
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Examples

* Plug & play acquisition board
=» compact Data AcQuisition platform (cDAQ)

« extension of the PC

* pluggable modules

« data acquisition

« data transfer

« programmable trigger
control outputs

Dr G. Frigo &
S. Robert

14/03/2021



Examples

 Coordination and interface between different instruments
=» PCI eXtensions for Instrumentation (PXI)

waveform generator
« voltage amplifier

« current amplifier

* shunt & dividers

* GPS synchronization
« data acquisition

« graph and result logs
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Examples

 Real-time stand-alone measurement unit
=>» compact Reconfigurable 10 modules (cRIO)

real-time controller
network interface
pluggable modules
FPGA board for
(fast, deterministic)
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Examples

 Interface with third-party sensors (Arduino style)
=» e.g. ultrasound, thermistor, microphone

» integrated libraries
« dedicated functions
* app examples

» self-test routines

e automatic scaling
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Getting started

Let’s launch Labview..

File Operate Tools

Create a file:

B> LabVIEW 2019

VI - single file (.vi)
Project - folder
with multiple files (.lvproj)

Create Project

Recent Project Templates

Open a file:
Recent files’ history

Find Drivers and Add-ons

Connect to devices and expand the
functionality of LabVIEW.
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All Recent Files
Yokogawa WT200 Series lvproj
C:\Users\Guglielmo FrigoDocuments‘\pmuAbsPhase‘\BIBLIO_201
C:\Users\Guglielmo Frigo‘\Documents\pmuAbsPhase\EPFL_MET/
C:\Users\Guglielmo Frigo‘\Desktop \NIST\Labview EPFL\PMU cali

C:\Users\Guglielmo Frigo®\Desktop NIST \Biblio Project"\Biblio Ivpro ”

Community and Support Welcome to LabVIEW

Participate in the discussion forums or Leam to use LabVIEW and upgrade
request technical support. from previous versions.
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Blank VI
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Front Panel

The Front Panel is the user interface of your VI

[ ]untitled 1 Front Panel * - O X
File Edit View Project Operate Tools Window Help H:‘:H
< & () Il | 15pt Application Font ~ | ov Siov v @9~ *| Search L 9 sl

Once populated with:

. controls 3@ W ==
« indicators S A 9

iNaveform Chart: M'
« graphs

it will appear as the front .

panel of a real instrument N\
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Controls Palette

In order to introduce new controls and switches we can use
View = Controls Palette

‘:‘Untitled 1 Front Panel - O X
File Edit View Project Operate Tools Window Help H:I:H QSearch 9, Customize™
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it
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Tree
& =, I
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Ring & Enum Layout 1/0
o QA
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Varian t & Cl Decora tions Refnum
[ » NXG Style
[ > Silver
[ » System
[ » Classic
[ » Express
[ » NET & ActiveX
| Selecta Control...
v ¥
: e ——
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ontrols types
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Controls types
r Graph flfz rI(i:I:t]r;r:‘tlo ﬂ
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Example

Just by dragging and dropping on the front panel, we get...

\:|Untitled 1 Front Panel * — O X
File Edit View Project Operate Tools Window Help E:!:H
—. —_— ey - y o e
o> i () Il | 15pt Application Font ~ | o~ o~ v Eh~ *| Search 4 ? 1

Time Stamp
00:00:00.000

 manual controls

 digital controls : J : J
* switches/leds SRR 4 z ‘ ‘
° gaug e/tank meter oveoim Crar

Amplitude

Dr G. Frigo &

S. Robert 14/03/2021



Controls vs Indicators

The same difference between function inputs and outputs:

« Controls (inputs)

the user can set specific
parameters or trigger
specific operations

* Indicators (output)
the user can visualize
the results or the process
state through numbers or
graphical tools
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Block Diagram

Every time you drag something on the front panel you have

its counterpart on the
block diagram, where
you can:

e connect them
e move them

NB#1: NO ZOOM
NB#2: if you delete here
it will disappear also in
the front panel!
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Functions Palette

Controls and indicators can be connected in several ways
View - Functions Palette
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Numeric

NB: In the bIOCk QSearch '\Customizev !
diagram it is also '~ s

UUUUUU

possible to create . > > >
constants: values s | e | o
that are not > B> > P

Incremen t Decrement Add Array Multiply Array Compound Data

m0d|f|ab|e by the Elements Elements Arithmetic Manipulation
user (ContrOIS) or AbsoluteValue  RoundTo  RoundToward  RoundToward Scale By Power Co
by the execution > > q o =

Of the prOg ram Square Root Square Megate Reciprocal Sig Scaling

[] [ =]
(indicators) = 3 n
MNurneric Enum Constant Ring Constant Random Random Fixed-Point
Constant Mumber (0-1) Mumber ...
il
i3 =l = [ ] o
DBL Numeric +Inf -Inf Machine Epsilon  Not A Number  Math Constants
Constant Constant
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Numeric example

« The sum of two numbers requires two control, a function
and one indicator

|:| an |:|Untitled 1 Front Panel *

File Edit View Project Operate Tools| File Edit View Project Operate Tools

S ON P Y wag or 42 () Il | 15pt Application Fe
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Comparison

Q Search % Customizev Tl

[* Programming

Comparison

> > > &> > >

Equal? Mot Equal? Greater? Less? Greater Or Less Or Equal?
Equal?

k>

Equal To 07 Mot Equal To 07 Greater Than 07 Less Than 07 Greater Or Equal  Less OrEqual To

To 0?7 0?
R 3
D B 63 e >
Select Max & Min In Range and Mot A Mumber/ Empty Array? Empty String/
Coerce Path/Refnum? Path?
Decimal Digit? Hex Digit? Octal Digit? Printable? White Space? Lexical Class
m., um .
Y X.E.Y I@
Comparison Assert Type Is Value Is Path and Mot Fixed-Point
Changed.vim Empty? Overflow?
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Comparison example

File Edithject Operate Tools Windo

g IE. - ) 15pt1
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Tools Palette

Since LabVIEW is a graphical programming language it is
important to use the mouse and the cursor..

View - Tools Palette

Automatic selection Shortcut

. Scrolling
Operating
o Positioning Setting a breakpoint

® Probin
Labeling 8
Wiring Picking a color
iri
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Tools example
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Help

If you don’t know what something is, you just ask for help...

- O X Conte Hel
. ~
| Untitled 1
*| Search By F? 1
- ‘
v
E[67] < >
X
Szap
~
fizsg Add
Il larger than 27

x*%*,
o o -

- y
LrrrLd
Computes the sum of the
inputs.

Detailed help

[=&[2] «
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2 LabVIEW Help

&= @ @ B

Hide Locate Back Options

Contents  Index Search Favourtes

LabVIEW Help
Getting Started with LabVIEW
Finding Example Vls

Glossary
= Q LabVIEW 2019 Features and Chz
= Q Upgrading to LabVIEW 2019
E2] Q Activating Your Software
E2] Q LabVIEW Documentation Resour
= Q Fundamentals
E2] Q VI and Function Reference
= 0 Property and Method Reference
E2] Q Taking Measurements
E2] Q Controlling Instruments
= @ FPGA Module
= @ FPGA Interface
= 0 NI CompactRIO Device Drivers
= @ NI R Series Muttifunction RIO Den
E2] 0 Toolkits

NI Device Drivers
E2] 0 NI Services

Add Function

Owning Palette: Numeric Vis and Functions

Requires: Base Development System
Computes the sum of the inputs.

If you wire two waveform values or two dynamic data type values to this
function, error in and error out terminals appear on the function. You cannot
add two time stamp values together. The dimensions of two matrices you want to
add must be the same. Otherwise, this function returns an empty matrix. The
connector pane displays the default data types for this polymorphic function.

Details Example

"J_'%m
v i

Add to the block diagram @ Find on the palette

x can be a scalar number, array or cluster of numbers, array of
clusters of numbers, and so on.

y can be a scalar number, a fixed-point number, an array or cluster
of numbers, an array of clusters of numbers, a time stamp, and so
on.

x+y is the sum of x and y.

& Note You can manually configure this function to output
data of a type you want. To specify the output data type,

right-click the function and select Properties to display
the Object Properties dialog box. On the Output
Configuration page, click the Representation icon and
select the data type you want. A blue coercion dot appears
on the output terminal of the function to indicate that you
have configured the output data type.
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Execution modes

When the code is ready, we can run it!

o= g

:[} Run the code once e If there is something wrong in the code, e.g.
a block disconnected, the arrow is broken
and the code cannot be run.

ik Run the code iteratively

o] Abort the execution

i1 Pause the execution

‘P Run in DEBUG mode

Dr G. Frigo & 14/03/2021
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Broken arrow

DUntitled 1 Block Diagram *
File Edit View Project Operate Tools Window

P @ N P 92 uoF ot |15tA

larger than 27
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TF
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[~ | Error list — O

[tems with errors

Untitled 1

W

1 errors and warnings Show Warnings L]
# Block Diagram Errors A
Add: Contains unwired or bad terminal

W
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.

W

Close Show Error I Help
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Debug example

[* ] untitled 1 Block Diagram * - O X
File Edit View Project Operate Tools Window Help g
S® @ N @ @ ua o |15ptApplication Font ~ | v wav &b~ Bad Search S ]
~
0l
larger than 27
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v
£ >

Dr G. Frigo &

14/03/2021 30

S. Robert



Recap: was everything clear?

« What's the difference between block diagram and front
panel?

« What's the difference between a control, a constant and
an indicator?

 \What are the main tools in LabVIEW?
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Data types & Structures

« Data Types

e Structures
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Data Types

In LabVIEW we can deal with several types of data:

« String
 Numeric
 Boolean
 Enumerated
* Array

» Cluster

Each one is associated to a specific color in order to make
it easy to distinguish them in the block diagram.
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A string is just a
sequence of ASCII
characters.

In LabVIEW, it has
to be delimited by

a double “ 7.

The string colour
is PINK.

Dr G. Frigo &
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String

[+ ] ntitled 2 Block Diagram * - O X
File Edit View Project Operate Tools Window Help
S & N g Y vag o | 15pt Application Font ~ ‘ Imv hov E9~ Bak | Search S 7
4+ Q Search ‘\ Customize¥
O o
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String Length Concatenate String Subset Trim Normalize End
D Strings Whitespacewvi Of Line.vi
[FCRE] 5
clAl
Replace Search and Match Pattern Match Regular Path/Array/
Substring Replace String Expression String ...
%] o k) "
A ' L
Scan From Format Into Format Date/ Build Text Number/String
String String Time String Conversion
E7 (=] e,
i EY:) [Aa)
Bl ERE JFL) LE} =
Spreadsheet Array To To Upper Case To Lower Case Flatten/
String To Array Spreadsheet ... Unflatten String
labc | = @
[ =| 2
String Constant Empty String Space Constant Tab Constant Additional
Constant String Functions
-
Carriage Return Line Feed End of Line
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Numeric

In Labview there  Dwiseom —

File Edit View Project Operate Tools Window Help

S & 0N Y 2 wa @ o | 15ptApplication Font ~ | ¥ wov 8%~ BE +f Search S

are several formats | ,.

for numeric data: L oo

Create Control

Create Indicator

¢ (u n-)Signed Visible ltems »

Change to Control
Change to Indicator

« floating point

» fixed point

MNumeric Palette

« extended

»
»
Replace »
»
»

and resolutions: fip—

.
8 bit
DEL| [SeL| [F#P
e = ==
.
« 16 bit
6.2 o o3 0| 1o
° 1 S ue4 | [uU3z 4
I 6.3 o 31 o i 0 10
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The main numeric

data types are:
integer (BLUE)
double (
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Numeric

|j Untitled 2 Block Diagram *

File Edit View Project Operate Tools Window Help

D& O g e vag ot |15ptAppIication Font =
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*| Search
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Square Root

123

MNumeric
Constant

1.23

DBL Numeric
Constant

4+ QSearch ‘\Customize'

>

Subtract
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Decrement

>

Round To
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>

Square

Enum Constant

>

Multiply

>

Add Array
Elements

>
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-Infinity

>

Negate

Ring Constant

-Inf

B>

Divide

>

Multiply Array
Elements

>

Reund Toward
+Infinity

B>

Reciprocal

=

Random
MNumber (0-1)

[

Machine Epsilon

Quotient &
Remainder

Compound
Arithmetic

>

Scale By Power
0f2

(>

Sign

Random
Mumber ...

Mot A Mumber
Constant

132

Conversion

Data
Manipulation

Complex

Fixed-Point

Math Censtants
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Boolean

L b " [+ Juntitled 2 Block Diagram * - O X
a VIeW Sto reS I File Edit View Project Operate Tocols Window Help
. H S N P 2T wa@ | 15ptApplication Font ~ | $ov iov 8%~ Bad | Search A P =
Boolean in 8-bit A
U8 constants: f
4+ CLSearch 9, Customize™
0 - FALSE
® > & Hit
1 % TRU E And Or Exclusive Or Mot Compound
Arithmetic
[A> v ¥ =
Not And Mot Or Mot Exclusive Or Implies
Boolean color > B
L]
IS G R E E N And Array Or Array MNum to Array Array to Num Bool to (0,1)
- Elements Elements
=
True Constant False Constant
v
< >
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When you deal
with a list of
states, you can
use an ENUM
variable, i.e. an
ordered list of
strings.

Enum color is
DARK BLUE
(as an U8).
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Enumerated

File Edit View Project Operate Tools Window Help

o & N g % bag ot | 15pt Application Font ~ | 3o~ o~ &8~ &l +| Search 4
D Enum Constant Properties X

Appearance  Data Type  Display Format  Editltems  Documen tation
ltems A Insert
IEI state A Delete

Move Up

Move Dowr

v Disable ltem

L] Allow undefined values at 1
I oK Cancel Hel
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Arrays

If we need to store multiple values of the same data type:

[+ ] untitled 2 Block Diagram * - O X |[E] { O

File Edit View Project Operate Tools Window Hel File Edit View Project Operate Tools Window Hel 7
2 v gy v @D *| Search ¥ 2
A ~

B 0N @ 99 uworg | 15pt Application Font ~ | § & () 1l | 15pt Application Font ~
®C g 5 pt App 8 C pt App
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Matrices

When we have multlple arravs we can build matrices

[*]untitled 2 Block Diagram * — O

File Edit View Project Operate Tools Window Help ol FI Edit View Project Operate Tools Window Help
f - o P Opee Tos Vg 1o T
S & N G 25 wa @ 7 |15ptApplication Font ~ | §ov oAb Gah AL P ~ 2 & () N | 15ptApplication Font ~ | §ov fgv v @~ *| Search A ? 2
~ Array ~
Ho

el

NB:
Array and matrix indexing in Labview starts from 0
and not from 1 as in Matlab!!!
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Clusters

If we need to store together different data types:

[*]untitled 2 Block Diagram * O X |[F]

File Edit View Project Operate Tools Window Hel File Edit View Project Operate Tools Window Hel
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\I|Untitled 2 Block Diagram *
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Window Help
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2 4+ O.,Search &, Customize¥

For Loop

Case Structure

(1]

Flat Sequence

]

Diagram Disable
Structure

Shared Variable

Decorations

el

While Loop

Event Structure

mu

Formula Node

]

Conditional
Disable ...

[a]

Local Variable

In a block diagram we can set loops and repetitions:

|

mﬂ
Structures

In Place Element
Structure

= =R
E|
m
(=%

Type
Specialization ...

Global Variable

Feedback Node
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Structures

In LabVIEW the main structures that we can use are:

* For Loop ,, _
 While Loop Fp G SS
- Disable Structure
« Case Structure =

)

Shared Variable Local Variable Global Variable

E =
o0
Decora tions Feedback Node
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For Loop

Whatever is within the loop is repeated iteratively N times

E]

File Edit View Project Operate Tools Window Help
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Tunneling options

Sometimes, we are interested in outputting some of the
results computed within the loop.

We have to create a sort of tunnel between the loop and
the outer block diagram.

There are several tunneling options:

« Last value

* Indexing (concatenating for arrays)
« Conditional

« Shift register
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Tunneling options

Right click on the tunnel point:

- o x |[[Fu

File Edit View Project Operate Tools Window Help
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Last value

[+ Juntitle ock Diagram * - O X
Only the Value Of the FiIeUEtdti::d\ii:; kPI?oj:ct Operate Tools Window Help
last iteration is saved Bl® ® 1 § 55 waw o [t Appicstontont <] 5o e @b~ oab A 2|7
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The result of each
iteration is an entry
of the output array.

If we are working
with arrays, the
option Concatenating
produce a matrix.
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Indexing
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Conditional

In this case, the
output is saved only
if the Boolean control
Is set equal to TRUE.
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Conditional

[+ ] untitled 2 Block Diagram * — O X

e Or a Condition File Edit View Project Operate Tools Window Help
given by a Boolean & 0N F 25 wa @ | 15ptApplication Font ~ | §ov o 2B b A P "”"
variable.
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Shift register

Sometimes, we need to update the previous iteration resuilt.

[*Juntitled 2 Block Diagram * - O X |[E]
File Edit View Project Operate Tools Window Help File Edit View Project Operate Tools Window Help
S & N g 25 o @ | 15ptApplication Font ~ | §ov fgov B gk oL P 2 2> & () I | 15pt Application Font ~ | §ov o~ ¥+ &b~
~ »\x x*y
=
7 5
y iteration
N g
U?_ 7
N iter
A
x e
s
Lpen] Xty
+ i ﬁ23
DEL
e
Lpen
iterati
A fizs]
L v
v
< > K
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While Loop

Th e d |ﬁe re n Ce [+ JUntitled 2 Block Diagram * — O X E|

File Edit View Project Operate Tools Window Help

: File Edit View P
With the For S & N F 2 wa @ | 15ptApplication Font v | §ov o @9+ G A P ‘é’; S & @
TN ’ ng ?EP
Loop is just j
E, 2

the stop
criterion that
IS now ruled
by a Boolean
variable.
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Disable structure

The Disable structure is like the comment in Matlab.

[ | Untitled 2 Block Diagram * - O X |[F]
File Edit View Project Operate Tools Window Help File Edit View Project Operate Tools Window Help
S & N @ ¢ borg ot |15ptApplicationFont ~ | §ov o @B gk L P s < & () I | 15pt Application Font ~ | 3o~ wgv ¥~ dH~
“ \x x+y
=E
N iter o %
y iteration
—1, 3
ShzsgN [)‘2 =
LITsLl
‘Nite x+y-20
&
&,8 0
CEL X+y
= 5 .
DELL DEL
iterati
I3z 7
v
< > K
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The Case structure is like the if ... else ... end in Matlab.

Dr G. Frigo &
S. Robert

Case structure

D Untitled 2 Block Diagram *

File Edit View Project Opera
S>®@n

Tools Window Help
7 25 wa@

15pt Application F

=D

O X

i

0

L
%T

iteration

v 09~ tad A @

14/03/2021
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Case structure

The Case structure is like the if ... else ... end in Matlab.

[ untitled 2 Block Diagram * — O [* ] untitled 2 Block Diagram * - O X
File Edit View Project Operate Tools Window Help File Edit View Project Operate Tools Window Help
— — —_— P v & —. ~ - —_— p . & || R
S N F 2 bo@ ot |15ptApplication Font ~ | §ov o &9 kL P S & N F 29 wa@ 7| 15ptApplication Font ~ | 3ov iov EHv tgd WL P 2
A~
N iter N iter
X
tizs
Ky IGELL w Ky
tﬁ'z"é% 51 = Eﬁza ﬁzeﬁ =1 & kﬁ.’ééj
GETL] GEL] el I
iteration
- ] n fiz3]
1 1
[ ) [
| Hubtraction” - | Slultiplication”, Default ~
Enum Enum (x+y)*20
& JlEnurd  Enan )
Lo ] @ L ;
v
£ £ >
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Recap: was everything clear?

« What are the main data types in LabVIEW?
 \What are the main structures in LabVIEW?

 What are the possible tunnel options in an iterative cycle
(e.g. For & While loop)?

Dr G. Frigo &
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DAQmMX

« Data acquisition
« DAQmMx library

 Example

Dr G. Frigo &
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DAQ system

Data acquisition is a process that
1. gathers (analogue) signals from measurement sources;
2. digitizes the signals to store, analyse, and plot on PC.

Sensor (e.g.,
tet;?p erature to Awplification, Interfacing via
vo agi/ filtering USB, PCI express
Iransducer \/ \
QO , N Signal ( 7
® el Sl Conditioning } i e
Eat; acqq:s:t:on \ Contains analog &
araware: d{g[fa( channels:

Communication bridge .
[

betweem sensor & A (ana(og ’/P)

computer

(e.9. NI USB-6009)
Dr G. Frigo & 14/03/2021

AO (analog o/p)
DI (digital i/p)
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Transducer

Transducer: a device that converts a physical phenomenon
iInto @ measurable electrical signal, i.e. voltage or current.

Sensor (e.g.,

te?é\p o g il Amplification, Interfacing via
T filtering USB, PCI express

Iransducer \/ \
() ’ - . F 1
N I‘ { ‘ .‘4
@ A

Signal l) \O
Conditioning

Data acquisition \ Contains analog &

Qal"dware‘ o digital channels:
ommunication vridge :
between sensor & Al (analog i/p)
computer AO ((fm'a(og' o/p)
(e.9. NI USB-6009) DI (digital i/p)

Dr G. Frigo & 14/03/2021
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Signal

Signal: a detectable physical quantity or impulse (such as a
voltage, current, or magnetic field strength) by which
messages or information can be transmitted.

Sensor (e.g.,
teTtap erature to Awplification, Interfacing via
vo agi/ f,(te,fmg USB, PCI express

Iransducer

Signal
Conditioning

Data acquisition \

hardware:

Communication br{dge
between sensor &
computer

(e.9. NI USB-6009)

Dr G. Frigo &

S. Robert

Co
d DAQ ,"-

mpuler

Contains analog &
digital channels:

Al (analog i/p)
AO (analog o/p)
DI (digital i/p)
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Signal conditioning

Signal conditioning: a set of operations that maximizes the
accuracy of a system, allows sensors to operate properly,
and guarantees safety (e.g. attenuation, isolation)

Sensor (e.g.,
teTtAp e Amplification, Interfacing via
T filtering USB, PCl express

Signal
Conditioning

Data acquisition \

hardware:

Communication br{dge
between sensor &
computer

(e.9. NI USB-6009)

Dr G. Frigo & 14/03/2021

Iransducer \/ \/
~ : -
\ ’1 ~ ‘
N i { “. .' |

‘ O

Contains analog &
digital channels:

Al (analog i/p)
AO (analog o/p)
DI (digital i/p)
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DAQ Hardware

Data acquisition hardware: a device that digitizes incoming
analog signals so that the computer can interpret them.

Sensor (e.g.,
teTtAp e Amplification, Interfacing via
T filtering USB, PCl express

Iransducer \/
~

, N Signal
>— Conditioning

Eat2 acqgisition Contains analog &
C‘ar ware‘. ' brid d{gr'ta( channels:
ommunication vridge :
between sensor & Al (anaiog i/ p]
computer AO ((Tn'a(og' o/p)
(¢.9. NI USB-6009) Di (aigital idp),

Dr G. Frigo & 14/03/2021
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DAQ Software

Data acquisition software: transforms the PC and the data
acquisition hardware into a self- tool for data acquisition,
analysis, and display.

Sensor (e.g.,
teTtAp e Amplification, Interfacing via
T filtering USB, PCl express

Iransducer \/
~

, N Signal
>— Conditioning

Eat2 acqgisition Contains analog &
C‘ar ware‘. ' brid d{gr'ta( channels:
ommunication vridge :
between sensor & Al (anaiog i/ p]
computer AO ((Tn'a(og' o/p)
(¢.9. NI USB-6009) Di (aigital idp),

Dr G. Frigo & 14/03/2021
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Computer Interface

Computer interface: a computer that controls and triggers
the acquisition system, and stores / processes the digitally
acquired signals.

| CONTROLS |

Sensorf(e.g.,
tet;;\p eqature to Amplifgation, [hterfacing via
chrns filterin §sB, P

Iranjducer

l ‘/‘ ('u::lkxv::;l\lmn_ub ’J DAQ | 4
| DIGITAL DATAS M iy
igital channels:

Communication bridge Al (analog i/p)

between sensor &
AO (analog o/p)

computer inglog
(e.9. NI USB-6009) ?’_@‘;‘{’ff“ ip)

Dr G. Frigo &
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Instrument control

Instrument Control Layers

LabVIEW @ LabWindows ™/CVI C/C++ and .NET
S ey

Application Layer

Instrument Driver Network (IDNet) Modular Instrument Drivers (niDMM, niSCOPE, etc)

Instrument Driver

IVl Compliance Package

NI-VISA

Driver Layer

NI-488.2 NI-Serial NI-VXI
NI-GPIB devices NI RS-232/422/485 = NI VXI devices ﬁ TCP/IP (Ethernet)
Hardware Layer devices | ; USB
- PXI

‘YNATIONAL
’ INSTRUMENTS'

VISA = Virtual Instrument Software Architecture

Dr G. Frigo & 14/03/2021
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Drivers

 |nstrument drivers

a library for a specific class of instruments, typically specific for a
given vendor or model

EXAMPLE: Lecroy Oscilloscope HDO4034

* Driver Layer

acts as an interface between the application software and the DAQ
hardware, and prevents a programmer from having to do register-
level programming or complicated commands.

EXAMPLE: NI DAQmXx

Dr G. Frigo &
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NI DAQmx

NI DAQmx is the driver software you use to communicate
with and control your NI data acquisition (DAQ) devices.

NB: NI DAQmx is explicitly for NI hardware, other vendors
instrumentation may require specific libraries.

It includes an extensive library of functions and Vls you can
call from LabVIEW to program your devices, plus:

 Measurement & Automation eXplorer (MAX)
 DAQ Assistant

Dr G. Frigo & 14/03/2021
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NI MAX

MAX is an application that informs other programs which
devices are connected and how they are configured.

Main functionalities:

Dr G. Frigo &

view devices and instruments connected to your system
configure the NI hardware and software

create and edit channels, tasks, interfaces, scales, and
virtual instruments

execute system diagnostics
update your National Instruments software

14/03/2021
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NI MAX console

:3 My System - Measurement & Automation Explorer

File Edit View Tools Help

<8 My System
@ Deta Neighborhood HSave & Refresh
« G Devices and Interfaces
ASRLIGINSTR "COM1*
@ ASRL3:INSTR "COM3"
A Network Devices
< Scaes
51 Software
« B8 Remote Systems
v m ELDO40-cRIO-13
v ) Devices and Interfaces
ASRLIEINSTR
@ ASRL2:INSTR
NI cRIO-9030 "RIO0"
& Network Devices
51 Software

Network Adapters

MAC Addre

Configure IPv4 Address
IPv4 Address

Subnet Mask

Gateway

DNS Server

Ethernet Connection (2) I219-LM

TCP/IP Network

128.178.26.
255.255.255.0
128.178.26.1

128.178.15.227

) Intel(R) Ethernet Server Adapter I350-T2

Adapter Mode
MAC Address

Configure IPv4 Address
IPv4 Address
Subnet Mask

TCP/IP Network
00:1B:21:DB:48:C8

DHCP or Link Local
0.0.0.0
0.0.0.0

) Intel(R) Ethernet I1210-T1 GbE NIC

Adapter Mode
MAC Address

Configure IPv4 Address
IPv4 Address
Subnet Mask

Dr G. Frigo &
S. Robert

TCP/IP Network
68:05:CA:64:6C:77

Static
100.100.100.10
255.255.255.0

v E3 My System
(5l Data Neighborhood
v &8 Devices and Interfaces
ASRL1:INSTR "COM1"
ASRL3:INSTR "COM3"
4 Network Devices
44 Scales
63 Software
v B8 Remote Systems
v i ELD040-cRIO-13
v Devices and Interfaces
ASRL1:INSTR
ASRL2:INSTR
£} NI cRI0-9030 "RIOO"
4 Network Devices
& Software

14/03/2021
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Network devices

) S
& HDOA

File Edit View Tools Help

v E3 My System
[ Data Neighborhood
v &8 Devices and Interfaces
ASRL1:INSTR "COM1"
ASRL3:INSTR "COM3"
v 4 Network Devices

&5 HDO4034 "TCPIP0::100.100.100.100::inst0:INSTR"

44 Scales
&1 Software
v B8 Remote Systems
v [ ELD040-cRIO-13
v &8 Devices and Interfaces
ASRL1:INSTR
ASRL2:INSTR
E NI cRIO-9030 "RIO0"
L Network Devices
&1 Software

Dr G. Frigo &
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HSave &' Refresh | % Open VISA Test Panel

Settings

Name

Hostname 100.100.100.100
IPv4 Address 100.100.100.100
Vendor LECROY

Model HDO4034

Serial Number LCRY3513N 19423
Firmware Version 8.1.0

Status Present

LAN Device Name inst0

VISA Resource Name TCPIP0::100.100.100.100:inst0:INSTR

14/03/2021
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VISA test panel

?‘/: TCPIP0::100.100.100.100::inst0::INSTR - VISA Test Panel

E] Configuration E Input/Output

TCP/IP Settings

TCP/IP Settings
Hostname
Device Mame
inst0
Address

Buffer Operations

Dr G. Frigo &
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/O Settings  View Attributes

100.100.100.100

100.100.100.100

Transmit Buffer

Packet Settings

Mo Packet Delay

[] Keep Alive Packets

Receive Buffer

0
Set Size
Flush Buffer

Refresh Apply Changes

— X
NATIONAL
Help INSTRUMENTS
Return Data
Mo Error ~
W

14/03/2021
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Dedicated software

(@) S8 - Teledyne LeCroy WaveStudio - Display Capture - o X
Scope Terminal Trace [MBIHeEM Scope Setup: Mass Storage
L | Auto-Refresh Use Print Colors
<+ 7 =
/2 sec
Refresh Add Copy to  Save

‘ Annotation ‘Clipboard to File |

My Scope Explorer o ) = Display Capture x -

’; =; == =3 () File 3 Vertical =+ Timebase I Trigger & Display # Cursors [ Measure @ Math | Analysis X Utilites @ Support

Device St.. Bus Addr.. So.. S/N
®HD.. Al. Net 100.. 8.1.. LCRY3..

--%100.100.100.100 (HDO4034)
% Terminal
Front Panel
U Scope Options
-I@Traces

+-= Channels

+-= Math

+-= Memories

+—= Zoom

N DCIM Timebase 0.00ms Trigger 'C1/0C

= Display Capture 1,00 Vidiv 1.00ms/div Stop  490mV

@ Scope Setups 0.0mV ofst 1MS  100MS/s [Edge Positive

® Mass Storage TimeBase = Reference Clock Close
LabNotebook Sampling Mode Timebase Mode Real Time Memory Active Channels

RealTime Sequence
4 4 25Gsis
1.00ms -~ N 10Ms )

1MS at 100 MS/s 2 25GSIs
10 ns/ptfor 10 ms

Dol SetTo Zero Auto Maximize

4/17/2020 11:40:39 AM

Dr G. Frigo &
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LabVIEW solution

In order to control the instrument from LabVIEW, we need
to check two things:

« if the instrument is supported (mostly, just NI hardware)
we can use the library NI DAQmx in the palette called
Measurement 1/O;

« if the instrument is not supported (third part hardware)
we have to install the specific library (see next lesson).

Dr G. Frigo & 14/03/2021 74
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Measurement I/O

4] Functions Q) Search
Programming »
- i o
Structures Array Cluster, Class, & - )
Variant ~UNCUIONS
PE
.
Numeric Boolean String q SEE I"Ch * CUStDI"ﬂIIE'

| » Programming

.
©
H

Ia)
=1
E]

parison Timing

Measurement |/O

— —
File l/O Waveform M % i
- N o (2%
T
- J .
Synchronization Graphics & Nl D‘Ame S}rs’tem Nl Scan Englne
Sound C f t
Measurement /O on lg uration
Instrument /O » =___———
Mathematics » ey sz
Signal Processing » [&
Data Communication 3 u
Connectivity »
Control & Simulation » TEDS pEEr TG pEEI'
Express > Streaming
Addons »
Selecta Vl...
Real-Time »
FPGA Interface 3

«

Dr G. Frigo & 14/03/2021
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NI DAQmx library

':L Search ¥ Customize¥ =J
[ » Programming
|* Measurement I/0

L DAQmx - Data Acquisition

DA mx
g
Task Const Channel Const Create Channel Read Write Triggering
[T=T] [T=T]
[ &5 ] L& ]
Start Channel Node Timing Node Triggering Node Read Node Write Node
[ : % 3¢
DAQ Assist Real-Time Dev Config Task Config/Ctrl Advanced

[ » Instrument I/O

[ » Mathematics

| » Signal Processing

[ » Data Communication
[ » Connectivity

| » Control & Simulation
[ » Express

I'» Addons

| SelectaVl..

[ » Real-Time

| » FPGA Interface

L4

Dr G. Frigo &

14/03/2021

S. Robert



EE-206 Systémes de mesure

DAQ Assistant

The easiest solution is to use the DAQ assistant that can
be easily customized through a multi-step procedure...

{8 Create New ...

Select the measurement type for the task. B Acquire Signals

A task is a collection of one or more virtusl channels with & Analog Input
timing, triggering, and other properties.

&% Voltage
nt types vithin a single task,

nnnnnnnnnnnnnnn t @ Temperature
type. After you create the task, click the Add Channels
button to add a new measurement type to the task. &% Strain

Pprnnnnnnnnn taSk OUt ®] Current

$s Resistance
|#;  Frequency
@ Position

e error out g Zounld P;essure
DAQ Assistant

%4 Velocity (IEPE)

data » Eooooooooon data @ Force

@ Pressure

rate

number of samples - |
timeout (s) —

error in

stop (T)
device name

@ Torque
I
DAQ Assistant O Bridgetm) '
9 Custom Voltage with Excitation
® Charge
@ Counter Input
@ Digital Input
% TEDS
Generate Signals

Dr G. Frigo &
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DAQ Assistant

... where Labview asks to select the instrument as well as
the physical channels we want to control...

{#% Create New ... (-2 =3

NATIONAL
INSTRUMENTS'

A W Physical ‘
Select the physical channel(s)
to add to the task. Supported Physical Channels
If you have previously - cDAQIMod1 (NI 9219) ~

configured global virtual T i0
P prnnnnnnnnn task out channels of the same i .

measurement type as the task, P @il

click the Virtual tab to add or Poi a2

copy global virtual channels to HE i3

the task. When you copy the | — =

global virtual channel to the - cDAQIMod2 (NI 9222)

task, it becomes a local virtual
F oooooooooon channel. When you add a global
. error OUt virtual channel to the task, the
task uses the actual globa
k h | global
virtual channel, and any
hanges to that global virtual
] chang g
data » data channel are reflected in the

task.

rate

number of samples - |
timeout (s) —

error in

stop (T)

device name

m

If you have TEDS configured,
click the TEDS tab to add TEDS

DAQ ASSiStant channels to the task. -

For hardware that supports

multiple channels in a task, you <Ctrl> or <Shift> dick to select multiple channels.
can select multiple channels to

7,

Dr G. Frigo &
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DAQ Assistant

intuitive GUI:

... and, once set up, provides an

{88 DAQ Assistant % DAQ Assistant
v o - X
Run  Add Channels Remove Channels B ™| Q.
o~ T — Run Add Channels Remove Channels
{34 Express Task £ Connection Diagram| (@Back ]
Back B A
Measuring Voltage Sine Wave [#] 7estSignal Type
ol measyrement. Generating Current
evices are designed for
measuring, or reading, or Voltage
voltage. Two common 3
voltsqe messursments 2254 You can gererate tvo
are DC and AC. & main kinds of signas for |z
DC voltages are useful < channels:
for measuring
h that ch:
Ziowdy vith time, such o ' ' ' ! ! ! : i ' ' * Snglesampler,
temperature, pressure, 001 002 003 €O+ 005 006 CO7 208 0J9 0.1 including DC signals—
or strain. Vihen generating
Tire incl. les, 3
AC voltages, on the other sincle samgles, you
and, are vaveforms can use softvare or
that constantly increase, - hardvare timing (if
I decrease, and reverse Configuation | Triggering | Advanced Timi avalable) to control
8 90 100 110 120 13 140 150 160 170 180 190 200 || polarity. Most poverlines vhen your devce
Time deliver AC voltage. generates a signal.
AutoScale Y-Axis V] N
- . —
Voltage Output Setup Multiple samples
Use multple sarrples
A settings to generate ar Al
sigral, such as a sine
Triggering | Advanced Timing | Logang vavs. Also callad
, g buffered analog
Scaled Units output, genarating
Voltage Input Setup Vax Vol = multipe sampes
e 1 0 invclves the folloning
' Settings ‘ in steps:
, 1. Yeur applizatior
oal Input Range m vrtes m
Max 10 samples into a
Volts =] buffer.
M 20 z. Allthe samples  ~
% Temiral Configurasor 2
=] =
25 g Gick the Add Channs buiton Diferential =] 55
. A (#) io addmore channels fo Custom Scaling . i 5
Temin Configraton Tris s the st of it tre s dosale> o] 7 i
Glck the Add Charvels button Dientel =] e x or genarated by the
(#) to add more chamnes to Custom Scaling channel associated with device
e <No Scale> it. If an exclamation _
- point (1) appears next to X !
 global virtual channel, Generaton Mode Q Sarrples to Vrite
the channel has been
BT it Confinuous Sameles & @ 100
Acquisition Mode Samples to Read Rate (Hz)
N Samples * *
=

Dr G. Frigo &
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Organization of the code

But — if we don’t want or can’t use the DAQ assistant — we
have to structure our code in a precise and repeatable way:

« we have to convert the instrument physical channels in
Labview virtual channels;

« we define which task (experiment) we want to carry out;

« we define the specific parameters of our measurements
(e.g. resolution, sampling rate, trigger) that are controlled
by specific functions in the palette.
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Virtual channel

Physical Channel/Pins Virtual Channel
71 ™
DAQmx Create Channel (AI-VYoltage-Basic).vi
® . . , .
NC © : 19[0) | | nc input terminal configuration
;(c:? y{g | Ig? minimum wvalue
TC2+ \ 22Q) | | Tc2 maximum value
Toee r. 'S | ;gi task in DAQ task out
tose | |l@17 12510 | | Tes- physical channels LN
L @ 260 | | TCe- name to assign = ST o
ters | |@[s]270) | | To7- 9
TCs+ @ 280 | | Tce- units
TC9+ ©O)11]29/C TC9- .
- error in

TC10+ 2|30j©) | | TC10-
TC11+ g 3110 | | Ten- custom scale name
TC12+ @ 2)0) | | Te12-
TC13+ | |1O)15[33/C TC13-
TC14+ , 34jQ| | |TC14-
TC15+ | |fO17]35/C TC15~-
cou' | ghelsde) | cou WARNING !!!

o .

S — A lot of inputs and outputs

comparing to a simple
mathematics operation

Dr G. Frigo &
S. Robert
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Tasks and functions

Task
Timing, triggering
S en SOrs, input terminal c.o‘nfiguration S | g N a | rO Utl N g
scaling, and oo
data format - taskin o task out
physical channgls -m X
name ko assign error ou . .
gt Buffer configuration
C h a nn e | custom scale name

DAQmx Create Yirtual Channel.vi

configuration .
Hardware settings

Dr G. Frigo &
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Code organization

We MUST structure the code according to this order:

Create Configure l Read / | Stop /

create the task (which kind of measurement)

configure the task (set the instrument parameters)

start the task (run the experiment)

read/write data (acquire or generate data)

NB: it might be repeated iteratively with a for or a while loop
5. stop the task (end the experiment)

6. clear the task (set the virtual channels free for other tasks)

s wh =

Dr G. Frigo &
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Coding example

Terminal Configuration

Sample Mode

@ Finite Samples *
Min Voltage Sample Rate
[oEd = 10K message + warnings ™
Max Voltage Sample Clock Source Waveform Graph
Physical Channel H

170 vy ]

Al Voltage ~ Sample Clock * Analog 1D Wfm _
MChan MSamp

Dr G. Frigo &
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Recap: was everything clear?

« What are the main components of a DAQ system?
« What does NI DAQmx enable us to do?

 Why is NI MAX important?

Dr G. Frigo &
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Teaching lab introduction

» Digital oscilloscope
» Library installation

« Coding example

Dr G. Frigo &
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Digital oscilloscope

A digital oscilloscope is an indispensable tool to solve most
measurement challenges quickly and accurately.

The full denomination is digital storage oscilloscope (DSO)
as it stores and analyses the signals digitally rather than
using analog techniques, with advanced functionalities:

e save point-on-wave data;

« different trigger settings;

» channel-specific scales;

« processing routines (e.g. DFT).

Dr G. Frigo &
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HDO4034a

Teledyne Lecroy HDO4034a (high definition) specs

* 4 input channels (£10 V)

« 350 MHz bandwidth

« 12-bit ADC resolution

10 GHz sample rate

« HD4096 12.1" monitor

« 12.5 Mpts per channel

* i3-6100 quad core 3.7 GHz
« 8 GB RAM, Windows 10

Dr G. Frigo &
S. Robert
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Measurement Tools

Measurement Functionality

Measurement Parameters -
Horizontal + Jitter

Measurement Parameters -
Vertical

Measurement Parameters -
Pulse

HDO4034a

It is provided with several measurement and math tools...

Display up to 8 measurement parameters together with
statistics, including mean, minimum, maximum, standard
deviation, and total number. Each occurrence of each
parameter is measured and added to the statistics table.
Histicons provide a fast, dynamic view of parameters and
waveshape characteristics. Parameter gates define the
location for measurement on the source waveform.

Delay (from trigger, 50%), Duty Cycle (50%, @level), Edges
(@level), Fall Time (90-10, 20-80), Frequency (50%, @level),
Period (50%, @level), A Period (@level), Phase (@level), Rise
Time (10-90, 20-80), Skew, Time (@level), A Time (@level),
Width+, Width-

Amplitude, Base, Maximum, Mean, Minimum, Peak-to-Peak,
RMS, Std. Deviation, Top.

Area, Base, Fall Time (90-10, 80-20), Overshoot (positive,
negative), Rise Time (10-90, 80-20), Top, Width+, Width-

Math Tools

Math Functionality

Math Operators - Basic Math

Math Operators - Filters

Math Operators - Frequency
Analysis

Math Operators - Functions

Display up to 2 math functions traces (F1-F2). The easy-to-
use graphical interface simplifies setup of up to two
operations on each function trace, and function traces can be
chained together to perform math-on-math.

Average (summed), Average (continuous), Difference (-),
Envelope, Floor, Invert (negate), Product (x), Ratio (/),
Reciprocal, Rescale (with units), Roof, Sum (+).

Enhanced resolution (to 15 bits vertical)

FFT (power spectrum, magnitude), up to full record length.
Select from Rectangular, VonHann, Hamming, FlatTop and
Blackman Harris windows.

Absolute value, Derivative, Integral, Invert (negate),
Reciprocal, Rescale (with units), Square, Square root, Zoom
(identity).

... that makes it not only a waveform display but an actual
processor for measurements.
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EE-206 Systémes de mesure

HDO4034a

In terms of connectivity, the feasible options are:

Connectivity

Supports 2 10/100/1000BaseT Ethernet interface (RJ45

Ethernet Port ports)

4 side USB 3.1 Gen1 ports and 1 front USB 2.0 port support

USB Host Ports Windows compatible devices

USB Device Port 1 USBTMC port
GPIB Port (optional) Supports IEEE - 488.2 (External)

HDMI 1.4 (Qty. 1) and DisplayPort 1.2 (Qty. 1) to support

customer-supplied external monitor.

Includes support for extended desktop operation with UHD
External Monitor Port 3840 x 2160 pixel resolution and split-grid capability on

external monitor.

Supports touch screen integration of external monitor (Note:

external display can not use a Fujitsu touch-screen driver).

Via Windows Automation, or via LeCroy Remote Command

Remote Control Set

... and Labview is not contemplated, so we need to find a
way to establish the connection.
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Drivers library

X-Stream DSOs

https://teledynelecroy.com/support/ .. aoview civer
SOftwa red Own I Oad/l a bV| eW aS DX Follow this link to National Instrument's page for LabVIEW Plug and Play drivers: NI X-

Stream LabVIEW Drivers. NI has developed a "traditional" driver as well as a "project-
style" driver for use in LabVIEW 8.0 and above.

Installation instructions can be found in an HTML readme file that is within the ZIP file
W h e re We n e e d to d OW n I O a d . containing the driver download. Read this first to avoid installation issues. Also
. contained in the readme file are instructions for finding Example programs.
Designed for: WaveMaster 8 Zi Oscilloscopes
SDA 8 Zi Oscilloscopes
DDA 8 Zi Oscilloscopes
. SDA Oscilloscopes
SDA 7 Zi Oscilloscopes
i VICP PaSSport plug-ln DDA Oscilloscopes
DDA 7 Zi Oscilloscopes
WaveMaster 8000(a) Oscilloscopes

N B : Wi n d OWS O n Iy WavePro 7 Zi Oscilloscopes

WavePro 7000(a) Oscilloscopes
WaveRunner 6000(a) Oscilloscopes
WaveRunner Xi/MXi(-A) Oscilloscopes

HDO06000 Oscilloscopes
HDO04000 Oscilloscopes
. WaveSurfer 3000
) N I X_ Stre a m | | b ra ry WaveSurfer Xs/MXs(-A) Oscill§scop

WaveSurfer 400 Oscilloscopes

NB: NI-VISAincluded in =

o LabVIEW 7.0 or higher

your LabV|eW VerS|On o NI-VISA 3.0 or higher

o Latest Teledyne LeCroy VICP Passport (for VICP connections only; not required
for GPIB or LXI)
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https://teledynelecroy.com/support/softwaredownload/labview.aspx

Drivers installation

The Teledyne LeCroy VICP Passport is a plug-in passport
for National Instruments' VISA and is needed if we wish to
communicate with the DSO via TCP/IP (ethernet).

VICP Passport: download - install > DONE!

For the Labview instrument drivers, we have to be careful!

They are plug & play drivers but they have to be stored in a
specific folder in order to be recognized by Labview.
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Installation procedure

This procedure is valid for most third part drivers:

1. download the driver package (compressed folder)
2. uncompress the folder (typically, a .zip archive)

3. move the folder to <LabVIEW=>\instr.lib directory

4. restart Labview and open a new blank VI

NI X-Stream: download = unzip - move to instr.lib
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New librar

<21 Functions L Search | data from GPIB

LeCroy Wave Series a

Programming

| [ET2]
(=] .
lee! 4+ Q, Search % Customize™
Structures Array Cluster,
123 [
LCWAVE
[> [A> | la] ; E i ;. P i
MNumeric Boolean Strir} HITIALIZE 2_!
L|> 6 Initialize.vi Closewi VI Treewi
Comparison Timing
5= P S
CONFIG DATA uTiLITY
1 el - - -
: e Configure Action-5tatus Data Utility
File I/O Waveform
@]
@ L
- Jg
Synchronization Graphics & Report v
Sound Generation S
Measurement |/0 | 2 e e v
Instrument I/0 » ) >
Mathematics ) 31 Instrument I/O
Signal Processing » Instrument Drivers
Data Communication )y DRIVERS) I
LanEany ’ B 421 Instrument Drivers
Control & Simulation » Instr Drivers
Express ) AEAaT | DA Tz |
Addons ) Q'SA &) -m
SelectaVl... b1 Agilent 34401 LeCroy Wave MI-Sync Yokogawa
Real-Time ) VISA Series WT200 Series
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Main functions

LCWAVE

DLIEC initialization, i.e. create task

IALIZE

[nitialize.vi

LCWAYE

i read data, i.e. start task

Read Data.vi

1 Fales

close, i.e. end task

Close.wi

B S

5=
configure, i.e. configure task

Confiaure
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Configure menu

It is possible to configure almost every DSO parameter...

LCWAYE

s

e,

Autosetup.vi

LCWAYE

U

CouT

Configure
Qutput.vi

LCWAYE
=
ERES
Configure
Eres.vi

LCWAYE

Sample
Mode

Configure
Sample Modewvi

Dr G. Frigo &

LCWAVE

o
Lk

-y

Configure
Continuous ...

%UE

Configure Clock
Source.vi

LCWAVE

DHI":'F@
+—F
nnn

Configure
Tracewi

LCWAVE

Channel

FreFroz

Configure
Channel ...

%

Configure
Channel.vi

LCWAYE
E=EMT
4L \

Configure

External Trigge...

LCWAYE
£
—

Configure
Trigger.vi

LCWAYE
Configure
Trigger ...

'.\'A'.'E
G

TIME
Configure
Timebase.vi

LCWAYE

Dirpla
Pl‘lgrl ¥

Configure
Display ...

Configure Save
Waveform.vi

LCWAYE

Input
Fath

Configure Input
Path.vi
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Coding example

Sequence of operations:
* initialization

« configuration

e data acquisition
 task closing

Source ((: Channel 1]- }F-w I| Waveform Data
Timeout (10000 ms) [[0524

VISA resource name |CT70¢ ] i ] [CWAVE} TCWATE
: " ] e
JU— E H 5:' ' &’ I8 @
Reset Scope? [TER- LIZ Bl AUTD ol fracoccacscoon b CLOSE
=

Perform Auto Setup? -:

|SingIeWaveform "]
1  [READ WAVEFORM|]
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Recap: was everything clear?

 What is a digital oscilloscope, i.e. a DSO?
 Where has a driver library to be stored?

« What is the proper series of commands for the DSO?
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