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What is LabVIEW?

LabVIEW is a graphical programming environment
used by scientists and engineers to develop
automated research, validation and test systems
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NI was started by a couple of
physicists....

NI created hardware in 1970s, then
added an easy way to program it in
1986 — LabVIEW

Background
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Measurement challenges

Conflicting programming approaches
Disparate drivers

o ) ) Temperature
Timing, triggering, and
synchronization

Fixed soft/hardware
Changing requirements

Heterogeneous
systems




HW and SW Integration

Integration is the key to efficiently creating
a control and measurement system.

LabVIEW effortlessly joins together
hardware and software.
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DAQ Comparison

Software Used for Data Acquisition and Instrument Control

OPTIONS C++/C#/JS/IVB LabVIEW MATLAB DASYLab
Ease of programming (novice) Difficult Easy Medium Easy
Programming Community size Very large Large Large Medium
Complex Applications Yes Yes No No
Built-in DAQ Support No Yes Some Yes
Built-in Analysis No Yes Yes Yes
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NI Modular Instruments

PXI/PXle modules

Compact
RIO

chassis







LabVIEW EnviroDment

LBCD General Configuration
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Application development

Program as you think

Read inputs
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Graphical interface
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Dataflow |

Data driven execution

/ Intrinsic
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Dataflow I

Data driven execution
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Comparison with text

13 LabVIEW Example.vi Block Diagram e
File Edit View Project Operate Tocls Window Help ‘{T
(01| @]25) [walr 2| 15pt Application Font |+ |3 |[a~ | (5~ |52l [+l Search NE A
I : 1< .« 4+ For Loop
for (1 0, 1 10; 1i++) R
{
/* loop body */ /* loop body */
} Al ]
for (1 = 0; 1 < 10; i++) For Loop
{
if (check(i)) break; [ fosces | (@]
}




Comparison with text

if conditionl then

elseif condition2 then

elseif condition3 then

else

end if

"conditionl"”

/¥ statemens ¥,

e I
4 "conditionl”

"condition3”

Default

switch (n) {
case 5:
printf (“Small number.");
break;
case 100:

break;
default:

break;

printf (“Large number.");

printf (“Outside range”);
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LabVIEW OOP

LabVIEW has object-oriented capabilities — encapsulation
and inheritance

But BEWARE
LabVIEW is a by-value language, including its objects
Most other OO environments use by-reference
objects
All data is private
Explicit accessor methods must be used to
access the data

Methods are public by default but can be made private
(called by class’s methods only) or protected (called by child
classes to0)

LabVIEW objects are supported on Desktop, RT and FPGA
Objects can be by-reference if needed

Load.lvclass

Path to file Bundld By Name Leoad.hvclass

sl - CEIL HPP.l'lrlebb
- g Record.lvclass

Class \\3.. Load.lvclass
Private data ——OW8" Lead.tl
’@ Do Action.vi
s Create Cormmand.vi
Yalidate_Path.vi
Savelvclass

Public method

Private method
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The LabVIEW Compiler

The LabVIEW environment continually parses the block diagram

File Edit View Project .— Solid RUN button
Valid code -> T M [0
o File Edit View Project — Broken RUN button
Invalid/incomplete code -> NN

If code is valid, clicking on the RUN button causes LabVIEW to compile
the code and then execute it

Click on a broken RUN button to get detailed information on the error

1 errors and warnings

# Block Diagram Errors
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Creating Executables

When developing/debugging LabVIEW code it can be run
and tested within the LabVIEW environment

Once the code is working as desired it can be compiled
into an executable (.exe etc), then launched like any
other program
LabVIEW supports both 32 and 64-bit OS: Windows,
Linux and 10S

B 1sM-LBCD Executable Properties

(.“EDE Information

Source Files Build specification name

Destinations ISM-LBCD Executable
Source File Settings

leon Target filename
Advanced ISM-LBCD.exe
Additional Exclusions

Version Information Destination directory
Windows Security

N C:\Users\ANGARA\Documents\Projects\CERNAISM-LBCD Executable\builds\|SM_LECD\ISM-LBCD
Shared Variable Deployment

Run-Time Languages
Web Services
Pre/Post Build Actions Build specification description

%

Preview Executable for Basler AC cameras

ENPAN Project: 1SM_LBCD.vproj
= Wy Computer

B[ Cenfig

B[ Components

[

£

i [ Utilities
i [ Tests
Support Tools

libs

Examples

Shared

Module MAIN.vi

B2 Dependencies

= = Build Specifications

& I15M-LBCD Executable

-

LnaLa ALy
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Creating/Calling DLLs & SOs

Code can also compile into a windows library (.DLL) or

. . EI - Euild Specifications
Linux library (.SO) t]ﬁ ISV LBCD Exccutable
Calls to DLL or SO require knowledge of the =) Camera Interface DLL

&?-_l LBCD Installer

function prototypes - LabVIEW will generate the
appropriate documentation

LabVIEW can call functions within other DLL and SO
libraries

Function Prototype

void ARRAY2D(double *array, int array_length_row, int
array_length_col);

CLF_Example.dil:ARRAY2D
a B output [

1 1 RDEL)
IRJIR j
IR|IR
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Real-time Systems

Deterministic code operation
Create distributed control/test/acquisition systems

LabVIEW real-time (LabVIEW RT) —
Linux with the real-time patch LabVIEW RT

Desktop PC

Vision System
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Compiling LabVIEW for RT Systems

LabVIEW can run RT code within the development environment
Code is executed on the RT system
User interface is on the desktop/development system

Code can usually be run on different RT targets with only minimal
changes (file paths, hardware interfaces etc)

Once the code is running as expected, compile the code into an RT
executable
Executable can be deployed on RT system
Executable starts running once the RT has powered up and loaded its
operating system
Code is usually designed for running 24/7
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Compiling LabVIEW for FPGA

Many LabVIEW functions are available for FPGA
Some exceptions:
Unbound arrays, queues, strings
Double precision numbers (Single is permitted)
Non-homogeneous arrays of objects

Can add pre-existing HDL to LabVIEW FPGA code

The RT system accesses the FPGA using:
Front panel controls and indicators (fairly slow)
Direct memory access, DMA (very fast, up to GB/s depending on
backplane)
Interrupts (latency in order of ps)
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FPGA Example

ICARUS Detector at Fermilab

Based on PXle chassis, all
programmed with LabVIEW

Trigger system uses three FPGA
cards acquiring data at 40 MS/s

Triggers are time-stamped using
White Rabbit; global trigger sent
to readout electronics

White Rabbit network
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LabVIEW and Python

The Python node P
Call a function from a Python module + =
LabVIEW
X|  ermorou t
L
%ce

python’

28



LabVIEW in the Physics Lab



LabVIEW at CERN

550 LabVIEW Users C E R N LabVI EW

0 90 040 09 0 Support
afh SNaitel Training

30+‘Plrloject clients ™
T + LabVIEW

Center of Excellence

ANRA
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RADE - Rapid Application Development Environment

The LabVIEW solution at CERN to develop expert tools, machine development /§
analysis and test facilities integrated with the CERN control infrastructure. ADE
Contains a middleware interface for accessing instruments/processes on CERN

network

-1 RADE
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ISOLDE Suite of Tools

Consistent code structure for all modules (20+)
based on custom template

Average LabVIEW developers can modify code
Uses RADE palette for logging, CMW

.
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LabVIEW and Middleware s
EPICS support built-in %

Create EPICS 10Cs to run (usually) on Embedded systems
Create EPICS Clients on both Embedded and Desktop systems
Several third-party solutions that improve performance or the
scope of data-types (LNLS, ANL etc)

Example
Vibration monitor at Diamond - cRIO system with EPICS interface

Vibration Monitor ]
Devie | mmc-mhllﬁ:l'l ltalt|| wld|=|a|alofn [[= | sl 8] Dsplacement

1750 100150200250 300 700 1024
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el DLS_Vib Manag o
= ‘
126 7 =
167 L e e P O e R e [
z: ‘T ™ error in
£ t1 e CRUMCH) £ [cBumon Ao
331, =7 & AH5E |l ToRdpod AETCR
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Time w2
sl n] sl ] ml| (s o] ot [ 5|4 8]  vibration Criterion Curve
TS [Lsunch EPICS, FPGA and RMSprocess actors.
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LabVIEW Web Module

Compile LabVIEW and run within web-page (Javascript)
View compiled code on any device

- U2

Try www.webvi.io

JS
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Custom hardware

P XI

CTRP-PMC
(CERN)

Fine delay-FMC
(CERN)

PMC carrier
(Kontron)

FMC carrier
(INCAA)

cRIO

Fibre-based triggering
(ANGARA Technology)
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Summary

One development tool - multiple platforms: Desktop,
RT, FPGA, GPU, Web

Full integration between hardware and software

—_
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& Integration
JS P @ nfnznm.

CUDA _
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Thank you

Contact me: gary.boorman@angaratech.ch éﬁiﬁ(ﬁ%



