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* Organizing your programs
* Intro to visual programming
* Expanding the toolbox

Outline

* Generating and plotting data
e Connecting to (simulated) equipment




Organizing your Programs




Project Architecture in LabVIEW

* LabVIEW has 2 main types of files Bl summer2020tutorialiveroj - Project.. — O X ‘
* vi: Analogous to a script in another language e Rt Tiew Project Opete Took Window Hel
* This will be your main file for programming lt:isﬁ ﬁ:J s | B o
* File extension: .vi

E- |ﬂ. Project: summer2020tutorial.lvproj

* Project : Groups vi’s together for easier development & B My Computer
« Store all the vi’s for a project in one location % ety
* File extension: .lvproj i functon.generator
* sub-vi: Avithatis meant to be used inside another vi - ), statistics_set_samples.vi
* LabVIEW has many built-in sub-vi’s u% Depemten
* You can also write your own - & Build Specifications

* File extension: .vi
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Project Architecture in LabVIEW

* LabVIEW has 2 main types of files Bl summer2020tutorialiveroj - Project.. — O X ‘
* vi: Analogous to a script in another language e Rt Tiew Project Opete Took Window Hel
* This will be your main file for programming lt:isﬁ ﬁ:J s | B o
* File extension: .vi

E- |ﬂ. Project: summer2020tutorial.lvproj

* Project : Groups vi’s together for easier development & B My Computer
HY H H H = arithrmetic.vi
» Store all the vi’s for a project in one location "8, booleansu
* File extension: .lvproj i function_generator.vi
. . . . . . helloworld.vi
* sub-vi: Avithatis meant to be used inside another vi - ), statistics_set_samples.vi
* LabVIEW has many built-in sub-vi’s Staistics set fime s

E18 F‘E‘ Dependencies

* You can also write your own - Build Specifications
* File extension: .vi




Creating a Project and Your First vi

1. Open LabVIEW

m LabVIEW - O X ‘

File Operate Tools Help

B LabVIEW 2018

Recent Project Templates _ All Recent Files

Blank Project summer2020tutorial Ivproj
LabVIEW-batch Ivproj
LabVIEW-HTTP lvproj
XGHSlowControl Ivproj
pyVIEW lvproj
cDAG-TestVls Ivproj
cDAG-NI9201-SingleChannel Read Test-2018Laptop lvproj

Find Drivers and Add-ons Community and Support Welcome to LabVIEW

Partic i ssion forums or e \ V and upgrade
request t

B LabVIEW News |



Creating a Project and Your First vi

1' Open LabVIEW Fi.e_ac;pefate Tools Help . : : ‘
2. Click “Create Project”

P LabVIEW 2018

Recent Project Templates _ All Recent Files

Blank Project summer2020tutorial Ivproj
LabVIEW-batch Ivproj
LabVIEW-HTTP lvproj
XGHSlowControl Ivproj
pyVIEW lvproj
cDAG-TestVls Ivproj
cDAG-NI9201-SingleChannel Read Test-2018Laptop lvproj

Find Drivers and Add-ons Community and Support Welcome to LabVIEW
Connect to es and expand the Partici in the discussion forums or Leam LabV]

functionality JIEW. request tec ort. from

B LabVIEW News |




Creating

a Project and Your First vi

1. Open LabVIEW
2. Click “Create Project”
3. Select “Blank Project”

and hit “Finish”

E Create Project

Blank Project 7ompoiaes
Creates a blank project,

Choose a starting point for the project:
All [
Templates . @
Sample Projects |
Desktop
Real-Time

Blank VI Templates
Creates a blank VI.

Simple State Machine 7empistes
Facilitates defining the execution sequence for sections of code. More Information

Queued Message Handler Templates
Facilitates multiple sections of code running in parallel and sending data between them. More
Information

Actor Framework
Creates an application that consists of multiple, independent tasks that communicate with each
other. This template makes extensive use of LabVIEW classes, More Information

Finite Measurement cample s
Acquires a finite measurement and provides options for exporting the measurement to disk. This
sample project is based on the Simple State Machine template. More Information

Creates an instrument drive

Tonch Danal Proiact Temnlatecs

Cancel Help




Creating a Project and Your First vi

1_ Open LabVlEW EUnt'tedjroﬁ'ecﬂ—jroﬁ'ectExoorer — O X ‘
2. CI|Ck ucreate PrOjeCt” File Edit View Project Operate Tools Window Help

“« . ” PR T DS ) =] o 7 &)
3. Select “Blank Project” and hit “finish “lti ::J 8|8 al
4. Ablank project will open T

= N
= Dependencies

i ‘@ Build Specifications




Creating a Project and Your First vi

Untitled Project 1 - Project Explorer — O X

Open LabVIEW o |

CI|Ck ucreate PrOjeCt” File Edit View Project Operate Tools Window Help
- g @ LI

Select “Blank Project” and hit “finish” = F“eJ J | J

A blank project will open i

sy U ” - = N
Hit “create new” button: * M

i ‘@ Build Specifications

vk wN e




Creating a Project and Your First vi

Creates a new Virtual Instrument (VI).

Hit “create new” button:

Select “Blank VI” and hit “OK” \
Ny

B ew o x
1. Open LabVIEW Creme New
2. Click “Create Project” %%_
3. Select “Blank Project” and hit “finish” m%”ji“iﬁ
4. A blank project will open 910 Other s
5.
6.




Creating a Project and Your First vi

u Untitled 1 Block Diagram on Untitled Project 1/My Computer

File Edit View Project Operate Tools Window Help
Open La bVIEW & ON @ 2% wg J|15ptAppIicationFont ME M A *| Search 4 @E
Click “Create Project” ’
" . ” oy HL )) B untitied 1 Front Panel on Untitled Project 1/My Computer - O >
Select “Blank Project” and hit “finish P Vi P i Voo T
2 & @ N |15ptApplication Font ~ | $ov o~ &~ &b~ *| Search a

A blank project will open S
Hit “create new” button:
Select “blank vi” and hit “OK”
Your first vi is now open!

NoueEwWwNE

Untitled Project 1/My Comr

Untitled Project 1/My Computer| < >




Creating a Project and Your First vi

1. Open LabVIEW B nited Project 17 - project Bxplorer - = 0 X ‘
2. Click “Create Project” “H; — View:mjm GpTﬂE:? njo:; Tﬂﬁ‘
3. Select “Blank Project” and hit “finish” i |

4. A blank project will open 5 B Project: Untitied Project 1

5. Hit “create new” button: “ TR et

6. Select “blank vi” and hit “OK” L e eons

7. Your first vi is now open! )

8. Save the project and give it a name: &

e This will prompt you to save the blank vi also

Note that the new vi is in the tree




Intro to Visual Programming
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Front Panel and Block Diagram

HELP!

u Untitled 1 Block Diagram on Untitled Project 1/My Computer - | x
* LabVIEW has two screens used for programming Fle Edit View Project Operate Tools Window Help
S ON G % wag o I 15pt Application Font ~ | §ov o 29~ i »| Search A P
* F ront Pa nel u Untitled 1 Front Panel on Untitled Project 1/My Computer -

. H ' ” File Edit View Project Operate Tools Window Help
* Thls IS the GUI \ 2 & @ N |15ptApplication Font ~ | $ov o~ &~ &b~ *| Search a
e Change inputs while the vi runs \

* View outputs “live” including graphs \

* Block Diagram /

e Thisis the “script”
* Write the operations for the vi
* Do not generally use while vi runs

Untitled Project 1/My Comr

Untitled Project 1/My Computer| < >




The Front Panel

Three buttons for controlling execution of vi R“r\‘ vi Stgp vi
* Runvi I Nt 1 Front panet ffUntited Poject 14y Computer L
«  Executes the vi once B S e e T N o h
e Stops when end is reached ’
* Stopvi
e Ends execution of Vi Run vi Continuously

e Can use to bail out of unforeseen problems
* Runvi Continuously

* Runsvi as if entire vi is in a while loop

e Stop execution with the “Stop vi” button

Untitled Project 1/My Computer| < >




The Front Panel

. o Boolean Contol
* Three main types of objects Numeric Control Boolean Switch

* Controls 9° h‘ -

* Inputs for vi — can change while vi is running b Cobaiot String Control

* Can have many data types (humeric, boolean, ...) PART ihde Contsi F
* Indicators 5 NI

: e : ’-'{d B 0246810 Path Control

e Qutputs of the vi — updated “live” as vi runs .

 Can have many data types (numeric, boolean, ...) ’ 1 B .
e Graphs

* Displays output data on a graph

e Accepts many data formats

* Highly configurable for readability



The Front Panel

* Three main types of objects

* Controls
* Inputs for vi — can change while vi is running | mEmE
 Can have many data types (numeric, boolean, ...) %‘%’Lﬂi‘"“‘“‘" B.°°'°°" e 100~
* Indicators 2_
* Outputs of the vi— updated “live” as vi runs Pauge et 405
* Can have many data types (numeric, boolean, ...) 4 23
e Graphs
° H Progress Bar
Displays output data on a graph °9

e Accepts many data formats
* Highly configurable for readability



The Front Panel

* Three main types of objects

e Controls

* Inputs for vi — can change while vi is running

e Can have many data types (numeric, boolean, ...)
* Indicators

e Qutputs of the vi — updated “live” as vi runs

* Can have many data types (numeric, boolean, ...) ke oo B
* Graphs

* Displays output data on a graph

* Accepts many data formats

* Highly configurable for readability




GUI Example

Boolean Selectors Tabs Graph On/Off Buttons

|
/ / i) Search 3 ?ﬂ%

File Edit View Project Operate Tools Window Help

S ® 11 | 15pt Application Font  ~ | v o 85+ 2~
Solenoid J ' ; i
Valve Control Deploy/Recovel), Operations Normal Operations | Pump Down | Data & Plot Parameters Numeric
Write Parameters
Toggle Buttons Deploy Xenon Bottle 1 Pres:itlrel’lot e Tom:: = Controls
. D Xe Bottle 2 To Database I 1
W/ |ndlcat0 rs Recover Xenon] Bottle 2 [ Recovery Line = Buffer Size 300 :::
B oepioyLine EER Read Parameters

GO! D

[

) Plot Rate 5 [
Bottle Transfer Operations % Plot Last 30| sec
Bottle 1 — Bottle 2 i
o Bottle 2 ——» Bottle 1
Bypass Through
Purifier Purifier

oo Lt bt
8 10 12 14 16 18 20 22 24 26 28 30

GO! ‘ - fmes

HIH|BIHH1E{E]

Numeric Switchi ‘?lm 1/sec mm 0.1/ psig L
Controls \ WaiITir:e: Xe Bottle Low Boolean Indicator
XP3Pumpout | > 5 Pressure Threshold | 1> Pid
Update Values
XGHSlowControl.lvproj/My Computer| < > ’




The Block Diagram

lcons
i Five baSiC types Of ObjectS Numeric Control Numeric Indicator Slide Control Waveform Graph
 Controls, Indicators + Graphs m -

* Linked to their front panel counterparts Sooean Contol Bookean Indicator  Sting Contro
* Can have many data types (numeric, boolean, ...)
* Constants Basic = :
* These are “hard coded” variables in the vi Numeric Control  Numeric Indicator  Boolean Contol  Boolean Indicator
* Data types shown as different colors L PIEL L1ey
* Local Variables
e Are created from controls or indicators
* Used to read/write variables during code operations
e Structures
* Boxes that contain a section of code
* Types: loops, cases, events, sequences
* Qperators
* Arithmetic, logic, comparison




The Block Diagram

* Five basic types of objects
e Controls, Indicators + Graphs
* Linked to their front panel counterparts
e Can have many data types (numeric, boolean, ...)

* Constants
* These are “hard coded” variables in the vi @ (T}

* Data types shown as different colors
* Local Variables

e Are created from controls or indicators

* Used to read/write variables during code operations
e Structures

* Boxes that contain a section of code

* Types: loops, cases, events, sequences
* Qperators

* Arithmetic, logic, comparison



The Block Diagram

* Five basic types of objects
e Controls, Indicators + Graphs
* Linked to their front panel counterparts
e Can have many data types (numeric, boolean, ...)
* Constants
* These are “hard coded” variables in the vi
* Data types shown as different colors
* Local Variables

* Are created from controls or indicators Read: |Allumeric Contralr ABoolean Contol»
* Used to read/write variables during code operations Pe— |
ita- Jumeric Contro »fBoolean Conto
e Structures Write: |[*#liumenc Control

* Boxes that contain a section of code

* Types: loops, cases, events, sequences
* Qperators

* Arithmetic, logic, comparison



The Block Diagram

* Five basic types of objects For Loop While Loop
e Controls, Indicators + Graphs .
* Linked to their front panel counterparts
e Can have many data types (numeric, boolean, ...)

* Constants M [
 These are “hard coded” variables in the vi Case Structure Event Structure
* Data types shown as different colors ' S
e Local Variables
* Are created from controls or indicators 5}’;;"
* Used to read/write variables during code operations Time
° Structures DO00D000000000
* Boxes that contain a section of code Sequence

* Types: loops, cases, events, sequences
* Qperators

* Arithmetic, logic, comparison NeNeB-H-NeHeH-H-NeN!




The Block Diagram

* Five basic types of objects Numerical Operators
e Controls, Indicators + Graphs
* Linked to their front panel counterparts D @
e Can have many data types (numeric, boolean, ...) |> D
* Constants
* These are “hard coded” variables in the vi Logical Operators

* Data types shown as different colors

* Local Variables E) OE}

* Are created from controls or indicators D
* Used to read/write variables during code operations
* Structures Comparisons
* Boxes that contain a section of code
* Types: loops, cases, events, sequences &

* Operators @ @}

* Arithmetic, logic, comparison



The Block Diagram

Wires connect the objects in the block diagram
LabVIEW prefers the code to go left-to-right

Wires give ordering of operations
* The data “flows” through the wire

The example takes two numbers set by the user
(“A” and “B”) and adds them, displaying the
answer as “A+B” on the front panel

Front Panel:




Live Demos 1 and 2

Demo 1 Demo 2

Write a vi to do all four basic math operations  Write a vi to take two Boolean inputs and do

on two numbers that are controllable via the the three main logical operations: AND, OR,
front panel. Display the results on the front XOR. Display the outputs of these operations
panel. as LED’s. Use a case structure to print a

response string to one of the operations. Use a
case structure to print the states of the
Booleans as a string.



Expanding the Toolbox

I'm more than
SRR AN a calculator!

|—|—|—rrr

LabVIEW




Expanding the Toolbox -- Data Types

* Numeric —integers, floats etc..
 LabVIEW is generally good at automatic representation matching
Boolean — True/False
* Booleans can be converted to/from integers easily if needed
e Strings — Can be anything, but is usually text
e Path — Special format used for directory paths
* Array — Stores multiple values in one object
* Most other data types can be made into arrays
 Can be made in N dimensions
*  Waveform — Array with built in uniform time ordering
* Requires t0 (initial time) and dt (time between data points)
e Cluster — Similar to a dictionary-type object
e Uses labels to point at objects in cluster
e Can mix and match data types

Boolean

(08 - -

ST
MEAN




Expanding the Toolbox -- Arrays

Creating an array constant Initialize and append an array

“Initialize Array”

constant ~_ right-click menu -
U Visible ltems > array constan

Change to Control ‘ Ho_Jifo] initial value in array @ Ty
Change to Indicator Click-and-dra . . e - =
\ g dimension of array \ Appended array
Numeric

Make Type Def. Lk “Build Array”

Aray

iy B value to append to array
Numeric Palette »
Create »
Replace » G et va I ue frOm d rray « ”
Data Operations » == Index Array
Advanced » E.LJ /
. just fill in Array

apt To Entered Data . [E,‘_; ] element
Representation » the entries . “D‘)ﬁl "I
Display Format... index of element to get =
Properties e

Note: Thick wires indicate an array-type object



Expanding the Toolbox — Loops

FOR LOOP WHILE LOOP Shift register: passes from one loop

: . iteration to next
number of iterations iterates thru array (N not required if used)

I_/

|[08| r—1a) D J,I
Array 2 |

/

passes entire array

Arral 3

poutl

indexes entries
to array-type

initializes
null array
if IIOII

Will run until
vi is stopped

Current Iteration (read) “Stop when True”



Expanding the Toolbox -- Statistics

LabVIEW has a comprehensive statistics suite, you can do almost anything

<21 Probability & Statistics <21 Mathematics
Probability & Statistics
AoH AT AT ToR TR R 123 ey
MEAN allln. Taz G r Al [+ 27 [ =f]
Mean Meas. of Mean S.D. & Variance Skewness and Meas. of Spread Percentiles Numeric Elementary Linear Algebra
Kurtosis.vi
PAID TR AP TP TR
x| % ODE] =y H ] d ’
BMS MSE ol [] Vg il ['i: ; R I:[:;t
RMS MSE Moment about  Covariance Mtx Mode Median Fitting Interp & Extrap Integ & Diff
Mean
PANL o TR oR TR
"°"| B i o
il il e P ﬁe_/g_._;n;, ﬁ;: all & & at
Histogram Gen. Histogram Correlation Correlation Correlation Prob & Stat Optimization Differential Eqs
Coefficient.vi Coefficient ... Coefficient ...
e e oy > a4t X
L w A [@ = & B
Probability Hypothesis Test ANOVA Statistics Histogram Geometry Polynomial Script &




Expanding the Toolbox — Timing Palette

* Most used objects

*  Wait (ms)
* Waits for the wired number of ms
* Useful for setting rough loop execution rate 41 Timing
* Wait Until Next ms Multiple
* Waits until current time (ms) is multiple of wired number : /. =
. . . Tick Count (ms)  High Resolution Wait (ms) Wait Until Next Stall Data
» Useful for setting more precise loop execution rate Relative ... ms Multiple Flow.vim
* First iteration may be shorter - =N %
e H|gh ReSOIUt|On REIaUVe Seconds | Get Date/Time Get Date/Time Date/Time To Seconds To To Time Stamp
. . . String In Seconds Seconds Date/Time
e Returns the current time since epoch in seconds as a DBL , =
. . . ] E0001
* Useful for making a timer X & =
. . Time Del El d Ti High Resoluti F t Date/ Time St
« Get Date/Time in Seconds e WESTE kW TaneSeg Consiire.

* Returns current time as a timestamp-type object

* Format Date/Time String
* Turns Timestamp object into a string with highly flexible formatting
e Useful for recording timestamps in a file



4] Functions Q, Search
Programming >
. *)
Expanding the Toolbox -- sub-vi's = 2
Structures Array Cluster, Class, &
Variant
=
L ) ) [> @
* A program within a program, analogous to functions in other languages Numeric Boolean String
* Have inputs and outputs with pre-assigned and labeled nodes > o
 Differ from “primitives”, which are all “LabVIEW Straw” color COmpim = e
* Primitives are non-editable, you can open and edit sub-vis - e
B B %
. .. “ . . . Filel/O Waveform Application
* We have seen many primitives and “built-in” sub-vi’s already Control
. “, . S b_ .y ® ‘. [[__;Th
Primitives ub-vi's “am- S &
Synchronization Graphics & Report
o [FE ATH AOH ATH Sound Generation
I> @ MEAN ooz il Measurement |/0 13
Instrument /O 13
* You can write your own, or get custom vi’s from colleagues or forums :““I“:“i“_ :
. . gnal Processing
e Helpful for de-cluttering the block diagram Data Communication >
. . . . Connectivi
* Can write a sub-vi once and use it all over your project and beyond fsepl 0 ¢
* Easy to import if you know the file location Bopres :
* Be Organized! _><:s¢.m:>aw...

* NI has it’s own moderated forum of vi’s written by users



Expanding the Toolbox — Graphs & Charts

e Graphs and charts are the main ways to display data
e Graph: Plots only the data it is passed when called
e Chart: Stores “history” and updates the plot with passed values
* Both created from the front panel
* Main types
e XY Graph
* Plots data with x and y coordinates
* Data input as an array of (x, y) clusters
* Waveform Graph/Chart
* Plots 1D waveforms or arrays
e Assumes time for x-axis of plot
* Intensity Graph/Chart
* Plots 2D arrays of data as function of index
e (Can scale the x and y axes to reflect actual values
* More information in the “Example vi” slides at the end




Expanding the Toolbox — Graphs & Charts

e Graphs and charts are the main ways to display data
e Graph: Plots only the data it is passed when called
e Chart: Stores “history” and updates the plot with passed values
* Both created from the front panel
* Main types
* XY Graph
* Plots data with x and y coordinates
e Datainput as an array of (x, y) clusters

* More information in the “Example vi” slides at the end




Expanding the Toolbox — Graphs & Charts

* Graphs and charts are the main ways to display data
e Graph: Plots only the data it is passed when called

e Chart: Stores “history” and updates the plot with passed values
* Both created from the front panel

* Main types Waveform Graph ~ Plot0 -J
1
* Waveform Graph/Chart §_°’6 ‘
* Plots 1D waveforms or arrays E 04-

e Assumes time for x-axis of plot

o_
11:55:57.766 AM  11:56:20.000 AM 11:56:47.266 AM
2020-05-08 2020-05-08 2020-05-08
) ) ) ) ) Time
* More information in the “Example vi” slides at the end



Expanding the Toolbox — Graphs & Charts

e Graphs and charts are the main ways to display data
e Graph: Plots only the data it is passed when called
e Chart: Stores “history” and updates the plot with passed values
* Both created from the front panel
* Main types Intensity Graph
e XY Graph "
* Plots data with x and y coordinates
» Data input as an array of (x, y) clusters
* Waveform Graph/Chart
* Plots 1D waveforms or arrays
e Assumes time for x-axis of plot
* Intensity Graph/Chart
* Plots 2D arrays of data as function of index
e (Can scale the x and y axes to reflect actual values
* More information in the “Example vi” slides at the end

apnydwy




Expanding the Toolbox — Output to File

* LabVIEW has many options for file output

* Write strings line-by-line
* Most flexible for formatting output
* Writing line-by-line can slow down vi

* Write an array to spreadsheet file
* Done once, which is faster than N writes
e Fairly restrictive formatting, but some options

* Write waveform to spreadsheet file
* Write only once for whole file
* Records t0 and dt as well as the timestamp
e String format is fixed



Expanding the Toolbox — Output to File

* LabVIEW has many options for file output

* Write strings line-by-line

« Most flexible for formatting output openfile  text  write string close file
* Writing line-by-line can slow down vi file path \ @ l
| | = bl e S
* Write an array to spreadsheet file
* Done once, which is faster than N writes OR
e Fairly restrictive formatting, but some options %fmt | write number
5 D%B 4« a5 string
—{CEd]

* Write waveform to spreadsheet file
* Write only once for whole file
* Records t0 and dt as well as the timestamp
e String format is fixed



Expanding the Toolbox — Output to File

LabVIEW has many options for file output

Write strings line-by-line

Most flexible for formatting output
Writing line-by-line can slow down vi

Write an array to spreadsheet file

Done once, which is faster than N writes
Fairly restrictive formatting, but some options

Write waveform to spreadsheet file

Write only once for whole file

Records t0 and dt as well as the timestamp
String format is fixed

l %efmt

file path
" . V4
1D data|(ve1 » [F]- gz-u

file path
,

E

ZD data

il 71| E

(=]

..........




Expanding the Toolbox — Output to File

* LabVIEW has many options for file output

* Write strings line-by-line
* Most flexible for formatting output
* Writing line-by-line can slow down vi
. / Idelim

file path
« Write an array to spreadsheet file =

' 1 Ay
* Done once, which is faster than N writes u-raveforms [F}- ‘BE
.szmmﬁ ] LI

Fairly restrictive formatting, but some options

* Write waveform to spreadsheet file
* Write only once for whole file
* Records t0 and dt as well as the timestamp
e String format is fixed



A quick note on DAQmMX

DAQmx is the “plug and play” way to communicate with hardware using LabVIEW.
The vi’s are found under the “Measurement |/0” panel

* Can read and write both analog and digital data
* Create “tasks” that organize the communication
* All operations in a task must be the same type (e.g. read analog voltage)
e Can index the channels in a task by number or name
* Can run multiple tasks in one vi “Create Channel”

physical channels Waveform Chart
This reads from a piece of equipment, =% ”ml | o ==
and then plots it on a chart. [Al Voltage ] Analog DBL _
1Chan 1Samp
Designates the port
on the computer

Select type of input/output



A quick note on DAQmMX

DAQmx is the “plug and play” way to communicate with hardware using LabVIEW.
The vi’s are found under the “Measurement |/0” panel

* Can read and write both analog and digital data

* Create “tasks” that organize the communication
* All operations in a task must be the same type (e.g. read analog voltage)
e Can index the channels in a task by number or name

* Can run multiple tasks in one vi Designates the port “Write”
on the computer j
/ M[‘] "on/off": Value Change '}f‘
lines
This writes a digital signal to a piece of il P f
. . on/o : s
equipment when the Boolean control is toggled Digtaloutput ~] [  [EER- woni | Digital Bool _
1Line 1Point
Il Sourcel

Select type of input/output



Live Demos 3 and 4

Demo 3

Demo 4

Write a program to set the parameters of a
function generator with added noise and
plot the output “live”. Make a button to stop
the program, and plot the full data set after
the program is stopped. Finally, write the
time and function generator data to a csv
file.

Write a program to take random numbers
from a normal distribution and make a
histogram of the values. There is no normal
distribution generator in LabVIEW, but | have
provided a custom sub-vi adapted from
Christian Altenbach’s example. You will need
to have this vi downloaded to your computer
from the indico page.



Reference Slides




Detail on Plotting — XY Graph

number of loops
\p shift register

2\
Empty Cluster  [100HN
Constant
132, DBL . ;
( )\ build array
g@ ml \ XY Graph
]

_‘mzli §=0s

[—
)

loop iteration / \”bundle”

1 1 I | ] 1 1 1 1 I I
0 10 20 30 40 50 60 70 80 9 100
Time

random number (0-1)




Detail on Plotting — Waveform Graph

number of loops
\ random number (0'1) “Build Waveform” Waveform Graph M

o L . V24
Initialize Arr AN
tialize Array”™ 55

“Build Array”
\u-o a8 \ \

Ng =B

Waveform Graph

x 1
o
]

i

“Index Array”

empty timestamp ol i |
constant : 11:20:29.430 AM 11:20:35.000 AM 11:20:39.330 A
convert loop time 2020-05-10 2020-05-10 2020-05-10
to seconds f Time
“Milliseconds to Wait” /

“Get Date/Time

loop execution
in Seconds”

time (ms) This vi stores the timestamp of each plotted as function of timestamp

sample, and uses the first as t0 this can also be plotted by time in seconds



Detail on Plotting — Wavetform Chart

random number (0-1)

number of loops o i “Build Waveform”
\ BuHi Array Waveform Chart Piot0 % |
100HN J / 4 T
ANy
@ | Waveform Chart
“Get Date/Time_ Feo) H i Y 06
> i ! g 0.5
E 0.

in Seconds”

loop execution Al
time (ms) 11:12:04.748 AM 11:12:10.000 AM 11:12:14.684 AM
2020-05-10 2020-05-10 2020-05-10
convert loop time Time
“Milliseconds to Wait” to seconds , _ . ,
This plots “live”, this is a screenshot of the final plot



Detail on Plotting — Intensity Graph

Intensity Graph

number of loops “Get Array Subset”

—

Frequency
oo 888883888

“Build Array”

Slice off initial
empty rows in x




Detail on Structures -- Events

current pane index select pane
Event structures are triggered objects that trigger condition for current pane
execute the contents of the structure when Timeout (ms) /
the trigger condition is met. [0] Timeout —

Like a case structure, there can be many
triggers that execute different commands, [Timed out - pibc ]|
each trigger condition has its own “pane”.

The “timeout” condition is the default, and
will trigger when the time wired to the
hourglass icon elapses. This can be disabled
by removing the “Timeout” case.

Source

After “Timeout (ms)” has elapsed since
the last execution of the event, this
writes “Timed out” to a string indicator



Detail on Structures -- Events

current pane index
trigger condition for current pane

Event structures are triggered objects that

execute the contents of the structure when Timeout (ms)
the trigger condition is met. « [ 1] “Trigger Event": Value Change ~pl—
Trigger Event
Like a case structure, there can be many LTES
tri that execute different commands 'l g
rlggers. d u . ) ! 7 IEvent Triggered b ]|
each trigger condition has its own “pane”. boolean control

This case uses a Boolean to trigger the

event, but this is not the only option. The
“Value Change” Condition can be used on
any data type. However, Booleans are really @
handy in practice

If the “Trigger Event” switch is toggled,
this writes “Event Triggered” to the

same strini indicator



Detail on Structures -- Events

current pane index
trigger condition for current pane

Event structures are triggered objects that
execute the contents of the structure when Timeout (ms)
the trigger condition is met. [ (2] "trig": Value Change vp

Like a case structure, there can be many -
essage

triggers that execute different commands, [Data ove: threshoid}-
each trigger condition has its own “pane”. |

. data value '
This case uses a comparator to generate a |j"o’ts’i - tng

Boolean that triggers the event. .Jl>

il Source

If the data value goes over the constant
value, this writes “Data over threshold”

to the same strini indicator




Detail on Structures -- Sequences

Sequences allow a step-by-step
procedure to be followed by the Set the Boolean to True Set the Boolean to False
program. This is especially helpful
when setting up an experimental
procedure by avoiding “race”
conditions, where two processes run

simultaneously and asychonously. ]| »ALED E_\_ [}

For example, say you want to turn on LED

a light source and take data while it is (e}
on. A sequence ensures the data is f
taken only while the light source is Initialize the
Keep the Boolean true for some time
on. Boolean to False



Creating a Custom Sub-vi

MySubVi.vi Front Panel on summer2020tutorial.lvproj/My Computer * = O . . . .
3 sl BN 1. Write a vi to do the desired function
File Edit View Project Operate Tools Window Help H‘ %
@ 15pt Application Font ~ | $ov gov v v o« u D :
¥ 4R @ WL | UptApphation fo tov Wav & @ - ? 2. Select the nodes to wire to the controls and
A . . . .
indicators. These will be the inputs and outputs
of the sub-vi.
A | A+B
gﬁ) o 3. Customize the icon!
B 4. Save the vi with a suitable name
9o
5. Use your new sub-vi using “Select a VI...”
v in the block diagram menu
summer2020tutorial.lvproj/My Computer| < >




Creating a Custom Sub-vi

2a. Click a node

MySubVi.vi Front Panel on summer2020tutorial.lvproj/My Computer * = O X . . . .
3 s . S v 1. Write a vi to do the desired function
File Edit View Project Operate Tools Window Help ;.g
-) 15pt Application Font v | §ov tgv v u B :
AR 8 L | ot Apphcatin fo tor v & 2. Select the nodes to wire to the controls and
1 A . . . .
2b. C"Clk ad indicators. These will be the inputs and outputs
control/indicator .
: / of the sub-vi.
to assign to the
node AT A+B . :
3;0 3. Customize the icon!
B 4. Save the vi with a suitable name
b
9o
5. Use your new sub-vi using “Select a VI...”
v in the block diagram menu
summer2020tutorial.lvproj/My Computer| < >




Creating a Custom Sub-vi

Right click and select “Edit Icon...”

MySubVi.vi Front Panel on summer2020tutorial.lvproj/My Computer * = O . . . .
3 i FRSEEEES 1. Write a vi to do the desired function
File Edit View Project Operate Tools Window Help
@ 15pt Application Font ~ | $ov gov v v o« :
¥ 4R @ WL | UptApphation fo tov Wav & @ - ? 2. Select the nodes to wire to the controls and
indicators. These will be the inputs and outputs
of the sub-vi.
A | A+B
gﬁ) o 3. Customize the icon!
B 4. Save the vi with a suitable name
9o
5. Use your new sub-vi using “Select a VI...”
v in the block diagram menu
summer2020tutorial.lvproj/My Computer| < >




Creating a Custom Sub-vi

t Panel on summer2020tutorial.lvproj/My Computer * = ] . . . .
ik s 1. Write a vi to do the desired function
File iew Project Operate Tools Window Help H“H
MY
() 15pt Application Font ~ | §ov gov e v | sue-v )
¥ 4R @ WL | UptApphation fo tov Wav & @ - ? Select the nodes to wire to the controls and
A . . . .
indicators. These will be the inputs and outputs
of the sub-vi.
A | A+B
gﬁ) o 3. Customize the icon!
B 4. Save the vi with a suitable name
g
5. Use your new sub-vi using “Select a VI...”
v in the block diagram menu
summer2020tutorial.lvproj/My Computer| < >




Creating a Custom Sub-vi

m Untitled 1 Block Diagram on Untitled Project 1/My Computer - O X

File Edit View Project Operate Tools Window Help
S>® @ N @ 2 waF o [15ptApplicaion Font ~ | 3ov v EH- al »| Search Q ? 1
~

<1 Functions Q, Search

Programming >

]
B m (%
Structures Array Cluster, Class, &

Variant

e
Ca
gl

String

o3
€
3
m
-5
Ll
@
°
S
n
3
]

Gl
9|
E

Comparison Timing Dialog & User
Interface
B |
Filel/O Waveform Application
Control
G 2 ]
Synchronization Graphics & Report
Sound Generation
Measurement |/0 >
Instrument 1/O >
Untitled Project 1/My Computer < phepstcs Le
Signal Processing »
Data Communication >
Connectivity

Control & Simulation »

Write a vi to do the desired function

Select the nodes to wire to the controls and
indicators. These will be the inputs and outputs
of the sub-vi.

Customize the icon!

Save the vi with a suitable name

Use your new sub-vi using “Select a VI...”
in the block diagram menu




