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Controlling laboratory experiments in LabVIEW
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= Programming language and IDE (integrated
development environment) from National Instruments

= Graphical programming
= Focus on
= Graphical user interface (GUI)
= Device I/O
= Rapid development in the lab
= Tools for data evaluation/visualization

https://www.ni.com/labview
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= Getting started 1
= Basic concepts and core components
= Control structures 1 (loops, if/case structure, ...)
» Develop your first program

= Getting started 2
= Control structures 2
= subVls: reusable code
» Extend your code

= Quick tour through the LabVIEW toolbox
= Multithreading
= Data storage and visualization
= Device I/O

» Hands on! Control devices
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Core components
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IDE, GUI, and graphical programming

» No need for external compiler

» GUI and source code at the same time
» Switch between windows with Crtl+e
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= Programs/functions/routines: VI: virtual instruments, *.vi files
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= Programs/functions/routines: VI: virtual instruments, *.vi files
= Tools typically available via right-click menu

= Front panel: add new objects

= Block diagram: add new functions
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= Tools typically available via right-click menu
= Block diagram: add new functions, structures, ...

= All actions available via right-click on objects:
Change properties, create local variables, add frame...
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Add frame after Create local variable
Accessible via right click Accessible via right click
1 OO0 000000000000 00000 00000000 o0o0o0o0ogogeoLnb

/_L Wires control data flow

+ el | result
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= Programs/functions/routines: VI: virtual instruments, *.vi files
= Tools typically available via right-click menu

= Front panel: add new objects

= Block diagram: add new functions, structures, ...
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1 0000000000000 0000000000000000700 0

Structures?
numb¢

Control of linear and nonlinear program flow: | result
numkb ¢ Sequences

* Loops

 Event structures
Sooool * Case structures Oooood

= Programs/functions/routines: VI: virtual instruments, *.vi files
= Tools typically available via right-click menu

= Front panel: add new objects

= Block diagram: add new functions, structures, ...
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Sequence

= Control of linear program flow

= Next frame is executed only after completion of
previous one
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While loop: Operates until stop condition is met

iteration: stop condition:
Oto? 'stop if True’

@
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Event stucture
= Listens to user interactions
= Button clicked, value changed, ...

| [1] "Mumeric": Value Change "P'
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Start your program!
1) Start LabVIEW and create a project ESM2019

ﬁ Un" led 1 Block Diagram *

2) Add a new VI main.VI to this project le Edit View Prgject Operate Tools
3) Add objects to the front panel [>]@] @[] [@][e5][+= |
= three numerical variables
= one Boolean .
. one string block diag!
4) What is the difference between controls and T definition/intialization o
indicators?
5) Block diagram: stop_

= Arrange variables in a sequence

= [|nitialize variables with start values (“Hello,
World!”)

= Add numerical values
= Create a while loop and an event structure

= Add numerical values in case of a value
change
= Stop program when Boolean is switched

THE EUROPEAN SCHOOL ON
€D NiciETs £SM Brmo, September 2019

Help window (Ctrl+h)
Switch windows (Ctrl+e)
Navigation window (Ctrl+n)
Right-click helps!
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= Getting started 1
= Basic concepts and core components
= Control structures 1 (loops, if/case structure, ...)
» Develop your first program

= Getting started 2
= Control structures 2
= subVls: reusable code
» Extend your code

= Quick tour through the LabVIEW toolbox
= Multithreading
= Data storage and visualization
= Device I/O

» Hands on! Control devices
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RN 1) choose functions depending on

o [ 5 [+ values
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2) Check Rings and Enums
case structure:

- switch between different cases depending on the value of certain variables
- if is subclass of the case structure

*| Search

ooooooooooooo0ooooooonnnonor

main part of p

3) Realize if with Booleans
4) Create output depending on
H [1]7 "Mumeric”, "Slide"; Viplue Change "H

]
[#operation s}

THE EUROPEAN SCHOOL ON
€D NiciETs £SM Brmo, September 2019




TH'T/R_F%C Innovation Whlle and for IOOpS

? www.thatec-innovation.com

Ewhile / for loop v;ith 100 itF-,r;:wtil::.unf,EE

[ooHR

indexing array

shift register sum

€D iiciersi

1)

2)

3)

While: Repeat action until
condition is met

For: Repeat action a predefined
number of times (condition
possible)

Helpful in- & output types
= Last value

= Indexing (works on both
sides)

= Shift register

ESM Brno, September 2019
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Create functions you can reuse at different locations in your program

input: offset |Gt

= Often without user interaction

input: iterations[xzz§—N] Jﬂ
4 |&>-weloutput:array . N need for event structure

File Edit Wiew Project Operate Teools Windo :Hcream
2 [@]| @[N] [ search 4 [[AlE

]

1) Write sub VI

y-ﬂ}ﬂl

input: multiplier output: array

] TR E— E— Il Vo T
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input: offset
E"}Hﬂ]

W
< >
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input: iterations[xzz§—N]

€[

Reuse your code: sub Vis

Create functions you can reuse at different locations in your program

input: offset |Gt

File Edit Wiew Project Operate Tools

&

Jﬂ +— il joutput: array

Connector pane: control
in-/output variables

o |2k OIEIH Search

create
array

/

£

input: multiplier
3: 100

input: offset
E‘} 100

o |0
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1) Write sub VI

2) Define in- & output via connector
pane at the front panel
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I1| [Z] "create array™: Value Change

CtIRef B = Bool (strict) &

CldVal '1...11» Value

[ Ainput: iteratinnsh}—[

|1‘I‘i|'||:|.|t I'|'|LI|ti|3|iEI'|*I

create
aray

rHoutput: array

[ #input: offsetrp——

3) Place sub VI in main VI via drag&drop from the project window
4) Connect in- and output variables

THE EUROPEAN SCHOOL ON
, MAGNETlSM ESM Brno, September 2019




THATcc innovation Extend your first VI

? www.thatec-innovation.com

1) Create a new VI calculator with
= Two numerics as input
= One numeric as output
= Option to choose the mathematical function
= No need for while loop or event structure
2) Create a new VI loop that
= Adds all even numbers up to a user-specified maximum
= Creates an array
= with numbers starting at a user-defined minimum
= with constant stepsize between entries
= with user-defined number of elements
= Which in- and outputs are required?
3) Use these Vis as sub VIs in your first main.vi

THE EUROPEAN SCHOOL ON
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= Getting started 1
= Basic concepts and core components
= Control structures 1 (loops, if/case structure, ...)
» Develop your first program

= Getting started 2
= Control structures 2
= subVls: reusable code
» Extend your code

= Quick tour through the LabVIEW toolbox
= Multithreading
= Data storage and visualization
= Device I/O

» Hands on! Control devices
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Multithreading?

= Parallel execution of code

= Keep program responsive to user interactions

= Separate slow operations from fast operations and waiting
= Build modular software

user loop

[ [4] "no multithreading”: Value Change ||

CtiRef =% =t Bool (strict) &
OldVall-. |, i

Walue

1000000000000 000000 000000000 0O0cC:

fcomplex

task E---lhﬂuserluup busy

G- {» #user loop busy

OO0 0000000000000 00000000000000¢GLG
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Multithreading in LabVIEW?

= Use several while loops

= Use queues and notifiers to communicate
= Similar to a function call

€

THE EUROPEAN SCHOOL ON

MAGNETISM

user loop

I1| [2] "with multithreading": Value Change "H

- just send command/data
- no other action performed
- extermely fast

\_'i = Bool (strict) ﬂ
e s Yalue

evaluation

T

calculation

ESM Brno, September 2019
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Multithreading in LabVIEW?

= Use several while loops

= Use queues and notifiers to communicate
= Similar to a function call

[EF——————J[[2] "with multithreading": Value Change "p——————
Source -
Type - just send command/data =T = 0 00D
Time - no other action performed
CtRef B = Boal (strict) &)

Qldval |-} Aioe - extermely fast

NewVal

]1| "calculation” 'H

IE'I-fE|UEtIDﬂ. OO0 o00o000o00o00000o0oo0o0ooo0ooooes 4
2| e F
G data x
Tk
B @ fromplex
] task N
EH ¥ #evaluation loop busy
| »#evaluation loop busy
> D000 0000000000000000000000000000

new loop takes the workload
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LabVIEW queues
[evaluation - = List of user-defined data type
~F. Jezezs .
[datal B S| 2% = Example: String
[caicuistion 1 = Can be accessed via name project-wide

= Example: evaluation

_ = Many senders BUT only one recipient
[evaluatior = Basic functions:

[data s y = Obtain

-oamplex
task

= Enqueue: sender
= Dequeue: recipient
= Release

T THE EUROPEAN SCHOOL ON
€D 1NN £SM Brmo, September 2019




THAL . innovation Multithreading and communication

? www.thatec-innovation.com

LabVIEW naotifiers
= Single element of user-defined data type
= Example: cluster of String & Float

feedback . . .
[motor fee EEB - @ﬂ = = Can be accessed via name project-wide
FT_“H‘ # z. = Example: motor feedback
OEITIon
E = Many senders AND many recipient
= Basic functions:
Imcrtcrr feedback = Obtain
T :
o @ i = Send: sender
status i ﬁ i X ; . ini
pmitimH = Wait on: recipient

= Release

T THE EUROPEAN SCHOOL ON
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= Text files
= Human-readable format
= Easy import into several programs
= Only simple data sets (tables)
= Huge amount of data

= Binary files
= Data format needs to be documented / maintained
= Custom import functions required
=  Minimum data size

= Complex file formats
= Technical Data Management Streaming (TDMS), NI
= Hierarchical Data Format (HDF), HDF group (open source)
= Database formats
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= Several tools available

Read and write Read and write = File I/O palette
text files binary files = Graph palette
& —
% ﬁ? Graph
rar |
% — 1 I CL Search l Q) Customize™
el
o101 zﬁ zm zﬂ E
Read and write General file I"FD Waveform C... Waveform G... XY Graph Ex XY Graph

spreadsheet files JD Dx | - | T

LG | o q L ) L )

E‘fl - - Intensity Chart Intensity Gra... Digital Wave... Mixed Signal...
1HEH * e 1“!“1 [

o E
ﬁ(; : ' Compass Plot  Error Bar Plot  Feather Plot XY Plot Matnix
1Mz . .

Double ~ File Dialog 45 g @\

Controls 3D Picture 3D Graph
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Typical hardware / software interfaces for lab devices

= VISA protocol (virtual instrument software architecture):
= Well documented and easy syntax (SCPI commands)
= |dentify device with command *IDN?\n
= Major hardware companies use it
= Major hardware companies offer VIs for device control
= Typically supports several hardware interfaces
= LAN, GPIB, USB, serial interface
= Directly accessible from NI MAX

THE EUROPEAN SCHOOL ON
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#7 3: NI 9403 "cDAC } Measurement & Automation Explorer

Datei  Bearbeiten Ansicht Werkzeuge Hilfe

v Bl Mein System = Speichem aAktualisieren & Zuriicksetzen E"_‘l Selbsttest [ Testpanels...
5 [gl Datenumgebung

v ﬁ" Gerdte und Schnittstellen
@l Integrated Webcam "cam{" Einstellungen
@ Integrated Webcam "cam( (1)"
w [ NI cDAQ-9174 "cDACT" Mame |a:D'AQ'I Mod3
I 1: NI9401 "cDAQIMod1"
M 2: MI9264 (DSUB) "cDAQTMod2"
0 3: NI 9403 "cDAQIMod3" Modell NI 8403
> FE NI cDAC-9174 "cDAQ1_T" Seriennummer 01DAS40B
> [ NI cDAQ-9174 "cDAG3" Slot 3
GPIBO:24:INSTR
4 Metzwerkgerate
v C@ Miscellanecus VISA Rescurces
[=1 GPIBO:INTFC
GPIBO:24:INSTR
» 44 Skalierungen
» .51 Software

) Vi Drivers NI Measurement & Automation Explorer — NI MAX

» E8 Netzwerkumgebung

Hersteller Mational Instruments

Status Varhanden

= Find available hardware
= Configure interfaces
= Communicate in interactive session
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How to get drivers:
= \Web search
= LabVIEW menu — Tools — Instrumentation — Find Instruments Drivers...

s ESM_project.lvproj - Project Explorer — O *
File Edit View Project Operate Tools Window Help

EEEIE IEL YIRS

ltems  Files

= E; Project: ESM_project.lvproj

=] My Computer
il complex_task.vi
[l main_Viwi

E NI Instrument Driver Finder - Configure Search

[ml  multithread.vi B Connected Instrumentls ~ Welcome Thomas,
Eﬂ» - =HCTy Installed Instrument Drivers
- "= Dependencies A5 Ag!lent 2000 BDDGIX—Series The NI Instrument Driver Finder helps you find and install LabYIEW
‘J&_ Build Specificati %jj Agilent 3352X Series Plug and Play instrument drivers quickly and easily.
1w Agilent 34401
Ej Agilent 81150 If you require other types of instrument drivers, such as IVl or VXIPMNP,
E.j Agilent MXA Series you can use the Instrument Driver Network at ni.com/idnet.

145 Agilent NO9XX Series
-Ni5] Agilent PSG MXG Series
-Jij AnaPico APSINX

-N45] Anritsu MG369X Series
-Ji&] Anritsu MS20XX Series Change User
E;] Driver - LakeShore 435 DSP Gaussmeter
E:I Driver - Newport XP5 Scan for Instruments
N5 Keithley 2000
-Ji Keithley 2182
N5 Keithley 243X
& Keithley 2600 Series <select one> v
NIk Keithley 622x LV 2009
Eﬁ Keithley 6430 Additional Keywords
Nk kepeo

N4 Keysight PNA Series

Manufacturer
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4+ I CL Search | £, Customize™ '

VISA address

2&::2&?\1: AGZIEZHH AEIAA01p AGHIE
| =0 .

Agilent 2000 ... Agilent 33532... Agilent 34401 Agilent 81150

| AGHEA AGHIEH FSaHH A
™ - O 0o A D ] | @ @ ’\M.".R E
File Edit View Project Operate Tools Wingfw Help |77 Agilent MXA... Agilent NGOX... Agilent P5G... Ametek7270
g!?_-_E‘;,_ | oM APEINH rmzs M HEza
@[] [ 18pt Al+| Search A [ 2R lh BE B B
S | Ametek_726... AnaPico APS.. Anritsu MG3.. Anritsu MS2...
apnco Mo = DD l m"sc'“ EE:%D%’ e
L5CI 455 D5P... XP5-08 Cont.. Keithley 2000 Keithley 2182
KEZdiH b KEZERH b ¥ Eeithlo
u oFp @ B4 50
- —
VISA address |43 GPIBD:2:IN5TR F ! Keithley 24XX Keithley 2600... Keithley 622x... Keithley 6430
ESPBOP} ETFHA |} LIE"IS} LSCl'ﬁi
o= :d-l.' -mﬂ
. Lake Shore 648 LSCI 475 DSP...

1 kepco
DC-OUTPUT (_ ) Current |0 Hores

K

T T N N r '; p;
-0 -8 -6 -4 -2 0 2 4 [} a 10 =
MI-DM MNI-H5DIO MNI-Modlnst
o } N
Ramping step [A] | 0.5 current min [4] |-10 HEECOFE] s E
MNI-SCOPE MI-Syne MI-TClk Sync
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Typical hardware / software interfaces for lab devices
= VISA protocol (virtual instrument software architecture)

= DLLs (dynamic link library)
= External programs with in-&output values
= Manufacturers often provide drivers and VIs

= Serial interface
= Sends/receives strings
= VISA or custom syntax
= Directly accessible from NI MAX

= ActiveX, .NET
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Serial interface
= Sends/receives strings
= VISA or custom syntax
= Directly accessible from NI MAX

Arduino with servo motor

1. ldentify device in NI MAX

2. Test commands interactively

3. Write VI for the control of the servo

Optional: install new device drivers via
the LabVIEW runtime menu

SparkFun Electronics, USA, CC BY 2.0,
via Wikimedia Commons
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https://commons.wikimedia.org/wiki/File:Arduino_Uno_-_R3.jpg
https://commons.wikimedia.org/wiki/File:Arduino_Uno_-_R3.jpg
https://www.keyestudio.com/products/keyestudio-9g-mini-sg90-90-degrees-servo-motor-blue-with-ph254-connector-for-arduino-robot-car1pcs
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= DAQ hardware: data acquisition and generation of analog/digital signals
= LabJack: communication via DLL with manufacturer Vis
= Control of Kepco power supply via control voltage
= Readout out Hall sensor output voltage

= Linear/rotary stages from Thorlabs via ActiveX

= DC source from Keithley (VISA)

= Nanovoltmeter from Keithley (VISA)

= DC source from Keisight (VISA)
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