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National Instruments Overview

$1,400

$1,200

- 35+ years of industry
experience #1000

- 1,700+ R&D engineers 5800
- 600+ Field Engineers

. 200+ Application Engineers
- 700+ Alliance Partners

- Broad Customer Base with no so
iIndustry >15% of revenue
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Our Mission

We equip engineers and scientists with tools that
accelerate productivity, innovation, and discovery.
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Technology, Innovation, and News
Scientific Research and Big Physics

To Equip Engineers
and Scientists

To Inspire

NATIONAL Future Innovators
INSTRUMENTS

To Solve
Grand Challenges

‘YNATIONAL
ni.com ’ INSTRUMENTS'




Jﬂ-k N / /

",.lwm l\l‘“




Worldwide Customers
& Fermilab 8 JeT/ @ igic - o % ®

Max-Planck-Institut
fir Plasmaphysik

EURATOM Assozafion

o -
e .‘

A

. g
- A

ceeeeee] M

BERKELEY LAB

M Lawrence Livermore
National Laboratory

» Los Alamo

NATIONAL LABORATORY
3

OAK
RIDGE

National Laboratory

Bnogklﬁam
NATIONAL LABORATORY

el
R < {
LNLS a4l %%S INFN cbo meanuson - RNGANS 19))~
«\"’? I ao 7 ‘ / Istituto Nazionale ’ IN ) ;m

ni.com  N__2% DHDAQO "t 7 0 e e

PAUL SCHERRER INSTITUT W Variable Energy Cyclotron Centre

w
\“4

HE 9




LabVIEW System Design Software

Project Explorer

Manage and organize all
system resources, including
I/0 and deployment targets

Deployment Targets
Deploy LabVIEW code to the
leading desktop, real-time,
and FPGA hardware targets

Instant Compilation
See the state of

your application at
all times, instantly

Front Panel

Create event-driven user
interfaces to control systems
and display measurements

Models of Computation
Combine and reuse .m files,
C code, and HDL with
graphical code

Accelerates Your Success

Hardware Connectivity
Bring real-world signals into
LabVIEW from any I/O on
any instrument

Parallel Programming
Create independent loops
that automatically execute
in parallel

Block Diagram

Define and customize the
behavior of your system
using graphical programming

Analysis Libraries

Use high-performance
analysis libraries designed
for engineering and science

Timing

Define explicit execution
order and timing with
sequential data flow

By abstracting low-level complexity and integrating all of the tools you need to build any measurement or control system

ni.com
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LabVIEW Environment Basics

“Project” = System Configuration “VI" = Program or Function

A
4 \

[=[=][==]

ﬂ 1-Simulate Signal.vi Front Panel | = || = || 3 | m 1-5imulate Signalvi Block Diagram

: {a . . |_||_||_| File Edit View Project Operate Tools Window Help E File Edit View Project Operate Tools Window Help
i GEttEI;g Stzrl'.telj."-"[;rﬂ_l. T CI]:I = T EEl_ |‘:{> |@| O@ | 15pt Application Font |« ” o |” . )\ | ‘@| -‘:"K W OEI |L.;||IE’ T | 15pt Application Font |+ ||.. J\ | @ ":"K
ile it View Project perate  Tools - -

EErIE 65 [ e -]

ltems | Files 3 =
: 0.75-
= [kl Project: Getting Started.lvproj : 05- Frequency
= B My Computer | w o25- |@»—|—'
Do : i . o :
E'g,' 1 SImU|EtE$IgﬂE|.\fI £ o Ampliﬁl—:
- 5 Dependencies £ os- = : d
*_:-__:- Build Specifications . = Simulate Signal | Waveform Graph =
[ = Sine  o-fiEC]
-0.75- =
0.06 ! i
e m
il
phi w2 i L
101 2in | Il stop

“Front Panel” = User Interface | |“Block Diagram™ = Code
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Extend Your LabVIEW Skills




Graphical System Design
The Platform Approach to High-Performance Embedded Design

Monitor Embedded Control Mechatronics
g,

ff'*r

J
& . I D
e fE

‘ D

I—FI_I—I—F

B4 LabVIEW

Desktops and PXI and Modular NI CompactRIO and Open Connectivity
PC-Based DAQ Instruments Custom Designs with 3" Party 1/0

‘7 NATIONAL
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LabVIEW System Development Environment

Complete
System IDE

I8 Project Explorer - Microgrid In.., |ﬂ‘

File Edit View Project Operate Toals Windg

EECIE ||| a3 bt | R~

Ttems \ Files |

=]

ELFK Windows + Desktop PC Application

HE !!, l'est Bench - FLL Outputw
-5 Dependencies

(

S E:l Micragrid CompactRIO

T woi) [4— Real-Time OS + Processor Application System Design Tool

|;£. Camplete Inverter Contralvi

=8 rosa oo cwoow | g=— FPGA Configuration/Application

= viadl

g, ModL/DOD

- f, Modl/DOL

&, ModL/DOZ

& Madl/DO3

by Madl/DO4

o &, Madl/DOS

i Mad2

i [ Mod3

i [ Modd

H [ Supporting Code
-l DMA Channel

- 40 MHz Onboard Clock
[I Madl (Slot L, MI9474)
- ) Mod2 (Slot 2, NI9201)
-} Mod3 (Slot 3, NI 9225)
- @} Madd (Slot 4, NI9225)
-l PrettyFPGAVI

2] _“'-5_' Dependencies

i Build Specifications

TZ popendens
‘7 NATIONAL
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Graphical System Design

The LabVIEW Project One environment for the FPGA, real-time embedded
processor, desktop, HMIs, web services, and more...

I3 Project Explorer - My Projectlvproj

File Edit Yiew Project Operate Tows  swmwow e

DG %o X[[whiE-E o

- Host (RT/Win/Linux)

Items | Files L
=] ik;l, Project: My Prnjecw/‘é
& B My Computer Interface code (CPU)

[l My Hostwi =

=

i [ Device Status
-G PHI

i [ Other - -
40 MHz Onboard Clack
Sample Clock il

-8 Sample Clock 3 -
- 4 DIO

g
B
G- RFOut0
E
e
£

FPGA Target

|| L~ I/O and Synchronization

. Clocks
. DRAM Interface

Top-level FPGA VI

- o SRAM

- |mll My FPGAv

_';q'_' Dependencies

= % Build Specifications
[ My FPGA

_'5;'_' Dependencies

--r_ Build Specifications

(compiled to bitstream)

Build settings
(passed to Xilinx ISE tool chain)

ni.com 13
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LabVIEW System Development Environment

Complete

System IDE

Math and
Analysis

Signal Processing

| a4 I Cthvaarr:h I %Custumize'l

PID

| 1 I Q Search I 2, Customize i

FIO
S5

PID i
FID

E-rm

PID Gain Sch...

EID

Ly

PID Setpoint ...

FID
Ha
PID Advance...
FID

=it

PID Structure...
FID

_@2

L

PID Control L. PID Output R... PID EGU to P... PID Percenta...

EID
S

PID Adwvance...
FID
NE
PID Autotuni...

FID
st

Mathematics @
| a4 I Q Searchl )., Customize™ i
g 2 i IR s
& [ [ =[]
Murneric Elernentary  Linear Algebra
g ﬂ\ﬁ[,ﬂ! dH.l'dt’
: HHHHR [rit)dt.
Fitting Interp & Extr.. Integ & Diff
[I]] [ &P ﬂvb
M It
Prob & 5tat  Optimization Differential E...
[ [ 4 [
/E*_. E,ﬂn,x' EE
PID Geormetry Polynormial — Script & For...
1] i {
o 4
PID Online A... PID Lead-La...
FID FID
[+, T ]

» 4 3
iy ra
Wfm Genera... Wfm Conditi... Wfm Measure
4 2 2
g . il
Sig Generaticn  Sig Operation Windows
C C o ¥ -
L, L, Finy ‘E..l
Filters Spectral Transforms ~ Point B
ni.com
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LabVIEW System Development Environment

Complete Math and Reuse of
System IDE Analysis Existing Code
13 Draw Fractal (pure Mathscript).vi Block Diagram BEX]
File Edit View Project Operate Tools Window Help o
©[m][2][2] [walR]or [ 140t Application Font [~ [3m~][Ta] [£5~] FRAE
Length .m File Scripts [ h .m File Scripts .
[DELK
1%lInitialize Z for k=1:depth;
= =T DX, Y =meshgrid(x,); 4 7=7.724c
o Z=X+i*Y;
Sam%les D6L]
132 |

Graphical

1111 ] Ii
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LabVIEW System Development Environment

Complete Math and

System IDE Analysis

Reuse of
Existing Code

4 Control (PID) -

"Control (PID}"

ENTITY fi1t

por
MO

enp 1713

RODY
CLEK:
RST:
RFD:

DOUT ouT std

LIBRARY Teese;
UsE jeee.std_Togic_1164.aLL;

Library xilinxCoreLib;
I

T

IN stod_Togic

ouT std_Togic;

IN std_logic;

IM std_ 'Iogwc,

ouT std_lagic;

IN STd_ 'Iog[;wc _VECTOR(15 downto 03
ogic_VECTOREC30 downto 03];

ARCHITECTURE Tilt_a oF filt 1Is

component wrapped_filt
port

MD: IM std_logic;

RDY: OQUT std_ og'ic;

CLE: IN std_logic;

RST: IN std 1Dgwc,

RFD: ouT std_logic;

DIN: IN std_logic VECTOR(LS downto O

i)
Channel 0 Setpoint

=

Control Reset

=

Channel 0 Configuration

PID Gains

Output Range =

Offset
TH— X
" ¥
faet resulft H

o, od2/a00 B

ni.com
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MAWatchdog Timed Out?»

Control Period (ticks)
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LabVIEW System Development Environment

Complete Math and Reuse of
System IDE Analysis Existing Code

Graphical Syntax |
E Ma Error "t
E = T
- = Emal— !
error in (no errorj i : @ ;-r errn out
o
Resource Mame |0k i-?! B [E] : %Ei mﬁ
I3 e | il |
1d Query (default: True) [TER - o8 i lw
ers g
Reset Device (default: True) ------ IF1-o—) EJ |
P Instmment Handle Cut
EUMI
W7 NATIONAL
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LabVIEW System Development Environment

Complete Math and Reuse of Graphical
System IDE Analysis Existing Code Debugging
{8 RT Main.i Block Diagram on Bio Reacter.lvproj/NI-cRIO9076-01600878 * (=@ = ])
File Edit View Project Operate Tools Windew Help TE
E Yy E ..................................... EI
— @ "
{3 Probe Watch Window |ﬂl
Probe Display
Probel(s) Value P
[ = RT Main.vi (Bi [aeeraee
Bio Reactor.lvproj/NI-cRIC3076-01600878 < [ mhe
¢ NATIONAL
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LabVIEW System Development Environment

Complete Math and Reuse of Graphical
System IDE Analysis Existing Code Debugging
== S === B 2

= e ) [, =—— SR X

ig :VabWVchVa(W]

i

!
0.05

RawW]

| ! ! !
0.01 0.02 0.03 0.04
Time {s)

!
0.05

Average PLL Frequency

; 4ﬂ\ ﬁ? 8\0 1?0 1}10 &40
0t e 180
“ v

{ @ Canfigure

|
Fun [ . Stap

!, e [ [@ ‘

Hertz
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The NI Approach to Flexible Hardware

NI LabVIEW RIO Architecture

nnnnnn

« Real-time OS = Application IP Analog Input

= Application software = Control IP
. Ngfwork”]g and « DSP IP Anabg Output

eripheral 1/0 drivers ===« Specialized I/O drivers _—
. pDMAp\’ interrupt’ and and interface Dlgltal I}"O

bus control drivers = DMA controller

p— Custom 1/0

Highly Productive LabVIEW Graphical Programming
Environment for Programming Host, FPGA, I/O, and Bus
Interfaces

‘YNATIONAL )
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Abstraction of Hardware Complexities

Acquire analog data point-by-point

v DA FIFO Ik

Transfer analog data to host CPU via
DMA FIFO for data logging, display, etc.

LabVIEW FPGAvs. VHDL

ni.com 21 "INSTRUMENTS”




Introduction to LabVIEW FPGA:




Field-Programmable Gate Array (FPGA)

OO0 00 00 ac Memory Blocks

Store data sets or values in user defined RAM

L, Configurable Logic Blocks (CLBSs)
Implement logic using flip-flops and LUTs

Multipliers and DSPs

Implement signal processing using
multiplier and multiplier-accumulate circuitry

Programmable Interconnects
Route signals through the FPGA matrix

O
DDEDDDD%

101 D101 O] C10]

I/0O Blocks

Directly access digital and analog 1/0

]
]
]
]
]
]
[
n

y NATIONAL
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FPGAs Are Dataflow Systems

F
A

HINEIEEE I EpEIE

OO0 W >

000000 oo
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Parallel Processing

>

OO0 W >

N [«
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LabVIEW Environment Basics

“Project” = System Configuration “VI" = Program or Function

A
4 \

[=[=][==]

ﬂ 1-Simulate Signal.vi Front Panel | = || = || 3 | m 1-5imulate Signalvi Block Diagram

: {a . . |_||_||_| File Edit View Project Operate Tools Window Help E File Edit View Project Operate Tools Window Help
i GEttEI;g Stzrl'.telj."-"[;rﬂ_l. T CI]:I = T EEl_ |‘:{> |@| O@ | 15pt Application Font |« ” o |” . )\ | ‘@| -‘:"K W OEI |L.;||IE’ T | 15pt Application Font |+ ||.. J\ | @ ":"K
ile it View Project perate  Tools - -

EErIE 65 [ e -]

ltems | Files 3 =
: 0.75-
= [kl Project: Getting Started.lvproj : 05- Frequency
= B My Computer | w o25- |@»—|—'
Do : i . o :
E'g,' 1 SImU|EtE$IgﬂE|.\fI £ o Ampliﬁl—:
- 5 Dependencies £ os- = : d
*_:-__:- Build Specifications . = Simulate Signal | Waveform Graph =
[ = Sine  o-fiEC]
-0.75- =
0.06 ! i
e m
il
phi w2 i L
101 2in | Il stop

“Front Panel” = User Interface | |“Block Diagram™ = Code
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LabVIEW FPGA

“Project”

System Configuration

“VI 7

= Application

A

4

5. oE)=)

4 Project Explorer - Exercise 2-

13 FPea.vi Frant Panel on Exercise 2-FPGA Salution ... EI-@

\

p
13 FrGA i Block Diagram on Exercise 2-FPGA Solution.vproj/FRGAT... [ = |[ & |[ 22 |

o [ FPGA Subhs

& [ FPEA Custom Controls
s,

- #B 40 MHz Onboard Clock
- %' Dependencies

28 .% Build Specifications
_4;_" Dependencies

wa

- = Build Specifications

[
fit [ Connectorl
&
[i

FPGA, Display Comrmand

MNewy Display State

Exercise 2-FPGA S tion.luprojiFPGATarget| 4 am }

File Edit View Project Mperate Tools  Mindo File Edit \iew Project Operate Tools  Window T :l File Edit View Project Operate Tools Window Help |E
e [EX=E BED A [2HIH >8] =NEIE
Tterns | Files | ﬁMaxTemp Telmlp IIIIIII Termp Warhing 1. FPGA Button Press i
Er |_2. Project: Exercise 2-FPGA Solution,hpraj ) £ 0 AT .
E‘ E M}" Camputer RPM " |FPGA Display Command M True 't
Pl -_q Dependencies 0 | L@ é New Display State
I 4» Build Specifications = g @l
= “ NI RID Evaluation HWY (10.0.0,2) Yoltage E‘
Bl B8 Chassis (shRI0-3636) 0 3
2 {8 FPGA Target (RIOU, shRIO-3636) i 1@
H [ Conmectord Battery State i
Charged

|PJ‘LI'LI LEDWarning®

Termnp Warning
F

i

ercise 2-FPGA Solution. vproj/FPGA Targeflf « I 3

“Front Panel’= Interface Elements

/O Node

“Block Diagram”= Code

ni.com
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LabVIEW FPGA vs. VHDL: Blink an LED
VHDL Implementation

begin
LED <= LED_local; Physical wire connection to "LED”
process (CLK_50MHZ)
begin

if rising edge (CLK_50MHZ) then
if ToggleLED then
LED local <= not LED local;
end if;
end if;
end process;

CounterProc: process (CLK 50MHZ)
begin
if rising edge (CLK_50MHZ) then
if CounterValue = kCounterTC then
CounterValue <= (others => '0');
ToggleLED <= true;
else
CounterValue <= CounterValue + 1;
ToggleLED <= false;

end if;
end if;
end process CounterProc;
= W7 NATIONAL
28 ’ INSTRUMENTS'
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LabVIEW FPGA vs. VHDL: Blink an LED
VHDL Implementation

begin

LED <= LED_local; Physical wire connection to "LED”

bagin o Toggle the physical LED when

if rising edge (CLK_50MHZ) then

if ToggleLED then Internal timing signal “ToggleLED”
LED_local <= not LED_local; . -
end it IS true. Executes every tick of the

end if;

end process; SOMhZ CIOCk

CounterProc: process (CLK_50MHZ)
begin
if rising edge (CLK_50MHZ) then
if CounterValue = kCounterTC then
CounterValue <= (others => '0');
ToggleLED <= true;
else
CounterValue <= CounterValue + 1;
ToggleLED <= false;

end if;
end if;
end process CounterProc;
P W7 NATIONAL
' INSTRUMENTS'
end rtl;




LabVIEW FPGA vs. VHDL: Blink an LED

VHDL Implementation

begin

LED <= LED local;

Physical wire connection to "LED”

process (CLK_50MHZ)
begin
if rising edge (CLK_50MHZ) then
if ToggleLED then
LED local <= not LED local;
end if;
end if;
end process;

Toggle the physical LED when
Internal timing signal “ToggleLED”
IS true. Executes every tick of the
50Mhz clock.

CounterProc: process (CLK_50MHZ)
begin
if rising edge (CLK_50MHZ) then
if CounterValue = kCounterTC then

ToggleLED <= true;
else

ToggleLED <= false;
end if;
end if;
end process CounterProc;

CounterValue <= (others => '0');

CounterValue <= CounterValue + 1;

Counter establishes the timing of
the “ToggleLED" signal. Goes

“true” when the counter reaches
50,000,000 (1 second) and resets

end rtl;

counter.
ﬂNATlONAL
L




LabVIEW FPGA vs. VHDL: Blink an LED
LabVIEW Implementation

LED 1I/O Resource

‘YNATIONAL )
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LabVIEW FPGA vs. VHDL: Blink an LED
LabVIEW Implementation

ni.com

LED I/O Resource

NOT (Toggle)

32
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LabVIEW FPGA vs. VHDL: Blink an LED
LabVIEW Implementation

ni.com

Loop Timing (1000mSs)

NOT (Toggle)

LED I/O Resource

33
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Parallel Processing

>

OO0 W >

N [«

¢ NATIONAL
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High-Speed Control

{Input Process Variable | [PID + Lowpass+Notch| [Output Control Signal|

1° 20 Connector0/AID ] B an Connectorl/A00°

Setpoint [IE—| -
PID gains [ e

Bandwidth Coeff.[@
Resonance Cocﬁ.@

[

y NATIONAL
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Custom Triggered Analog Input

R e e i o e e o M e e R R R .'a: : B e e I e e e e e e e e R e e e .'.'=:|".'.'=::

FPGa 1)O Mode | Samples per Channel

AN A0 ¢
e AL v

uence Struckure

FPGA IjO Node

; Rate (Period) i 7 ’ W AID .l
i 13

Level

D000 0000000000000 0000C0L%0

- Custom timing & synchronization
- Multi-rate sampling

- Custom counters

- Flexible PWM

- Flexible encoder interface

‘YNATIONAL i
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Digital Communication Protocol APIs

- SPI: FPEA SPI_Configure.wi FPGA SPI_Read Write, vi
- ZPI EPI

- 12C: 12C_WriteBitToSlave.vi
HalfCycle(Ticks) ——ESN
_ I T
Bit Value - Eit
. pif oo arror out
errar in
- Serial:
LV FPGA Serial Calc Timing Values.vi
baud rate (1000000 T Half Bit
FPGA Clock Rate (40000000) = W —|_|— One Bit
One and Half Bit
— Two Bit
VNATIONAL
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http://www.ni.com/white-paper/9117/en
https://decibel.ni.com/content/docs/DOC-1151
https://decibel.ni.com/content/docs/DOC-1151
https://decibel.ni.com/content/docs/DOC-1151

Simplified FPGA Design Flow

/:> Design

.

1

Simulation

Compilation

Deployment

4

y NATIONAL
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Simplified FPGA Design Flow

Entry *HDL/IP Integration

\ 4

Simulation

Design J *Interface Abstraction  <Configuration-Based

1

I

Compilation

ﬂ

Deployment

VNATIONAL i
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Interface Abstraction

* |/O Interfaces to NI and 3" party /O modules
« Built-in DMA FIFO interfaces

Butterworth Filter wp OMA FIFO I

it Wiite

| » Elernent

b Tirmneout

Timned Cuk? M-

VNATIONAL i
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Configuration-Based Design

3. Getting PWM

‘E'.ﬂ.l'l. EnginePWM E;\

=

i3 Configure Analog Period Measurement

1

ni.com

Mumber of penods

[=]

Threshold Crossing Detection

Level

1 =
Hysteresis
0.5 = Interpolate crossings
Chrection
Rising E'
Measurement Time

QK || Cancel ||

Help
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IP Integration in LabVIEW FPGA

B anoes LIBRARY Tees;
QPR Complen Use feee.std_logic 1184.ALL;
Pew Library xilinxCoreLib;
o o ENTITY Fﬂ 1
4. Pasgonse X v pol
i FE io- IN std_Togic;
w(\ FIR comp“er ROV: OUT std_ ogic;
CLK: IN std_logic;
RST: IN std 'Ingic;
Froquency Respocse (Magnitude) Companent Name FR_and_Dwoonate_ by 4 RFD: oUT std_logi
DIN: IN std 15?“: VECTOR(ls downtao 0);
-y Filtex Contfcmnts pouT: oUT std_Togic vECTOR(30 downto 0));
5 i EnD 173
< o
s Sl Sounie COt Fée A | ARCHITECTURE Tl . -
" SUERY Library iees;
" q Caettert Yocter - | - U EXTTIRTE - component wrapped_| i .
-d Vectur - NS AMTANIHRIIEE A use jeee.stod logic_1l64.all;
| Coeficents 166 i CWsers\rvrret Dedieg DSMI0C | frowse.. ROV: OUT . .
"3 - CLK: IN ;i use jeee.numeric_std.all;
- ¢ . RST: IN st}
1‘ Narnber of CoefMoont Sats 1 Fanpe: 1.2% RRD: OUT o
g§ "1 M of Conficunts (e 3e) - 73 BouTs ouT | . . .
= - end componant; entity DemoClipadder is
ad Fiter Spechaton . R
| —— configuration port C
bl | o Filter Type Decarancn ."n E e
-d St — -~ generic ma clk : in std_logic;
4 Race Crange Type ; Fonper =
-3 - - areset @ in std_logic;
e | o ate Vb Uf o Ranger 14
| X cPorta @ in std_Togic_wector(l5 downto O
- 5 wcrmaton Rate Vake | < Range! 2..000¢ 4 ¢ Ji
-: ors P e I-l - munget 1.4 cPortE : in std_logic_vector(l3 downto 0);
4 . oy
-! \ Mrnder of O i ' & 188 caddout @ out std logic_wvector(1ls downto 03 := (others => '0')
4
A L B A T e M dwiare Over saenpleny Specfiation BH
— end pemocTipadder;
osmatend Fragancy ix 1S rek ! Skt format Froguedy Specfcaton i w E‘
5 ] Kanpt. 3.000001.330.9 Woa BEGIN . . .
Sat % Deplay - i X architecture rt1 of pemocClipadder is
= uo @ wrapped_filt
begin
processgareset, <1k) begin
iffareser = '1') then
EnD f971t_a; caddout <= (others =» '0')

elsif rising_edge(clk) then
caddout <= std_logic_wvector(signed(crorta) + signed(crortel);
end if;

end process;

input valid

ni.com INSTRUMENTS

end rtl;
output valid
Hin dy__ —rE]) e
EE— ool
Ql —p din 2 10ut
n dout 1 —{bERE)
[ W'}J dout2  *h
QOut
2l
DDC by 4 Example.lvpro)/FPGA Target « | i (B yNATIONAL



Simplified FPGA Design Flow

-

ni.com

/ >| Design '
¥

\:'

Interface Abstraction  <Configuration-Based

*HDL/IP Integration

Simulation

Compilation *

\ 4

Deployment ‘

*Interactive Window Debugging
«Simulation Tools

43
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Interactive “Front Panel” Window

{3 FPGAi Front Panel on Exercise 2-FPGA Solution.lvproj/FPGA Target = | O |t
File Edit View Project Operate Tools Window Help ] Jﬂ
o || @) 15pt Application Font |« || §o+ || s0a~ ||t~ | (@0~ |« | 2 OLH i

Max Temp Temp Temp Warning i
o2 0 i
RPM [

0

Voltage
0

Battery State

Charged
FPGA Display Command Mew Display State
RPM
Exercise 2-FPGA Solution.lvproj/FPGA Target| « I | P
W7 NATIONAL
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Visual Simulation and Debugging Tools

Debug with standard
LabVIEW features in
simulation

3 Sampling Probe Watch Window

o |

FPGA Target

Probe(s)

[1] Digital Signal A 1
[2] Digital Signal B 0

40 MHz Onboard cl.

Value

16.0761E-6, 40 MHz Onboard Cleck

4

=]

m

e g
100n  150n  200n  250n  300n  350n  400n

~

b

3 Son
Time (5)
I 1
i3 Period and Phase Measurement.vi Block Diagram cn Period and Phase Measurement.lvproj/FPGA Target * E@ﬁ

File Edit Vi

OO0O000000000000

Period (m5s)
=

Phase Shift (Deg)

Digital Signal &

=

Period and Phase Measurement.lvproj/FPGA Target <

I | 3

ni.com
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Verify signal timing
— with digital
waveform probe

Simulator offers
— bit-true simulation
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Simplified FPGA Design Flow

Design

Interface Abstraction  <Configuration-Based
*HDL/IP Integration

Simulation

ﬂ

i -

f

Interactive Window Debugging
«Simulation Tools

Compilation

>
N——

]

g

ni.com

Deployment

*One-click automation <Local Computer,
of the Xilinx Tools Server, or Cloud
Compilation

y NATIONAL
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Compilation Process

LabVIEW FPGA Code Compile VHDL through Xilinx FPGA Logic Implementation

k cycle by inserting another f1ip flop
us0i1gitalInputFr:
ess( areset, Clk )

areset then

Frevbi?1(a1lnpu( <= false;

sif rising_edge(Clk) then
P;$v01g1ta1xnpu! <= coigitalinpur;
process PreviousoigitalInputfr;

hen we have a 1ittle combinatorial logic to detect a rising
ingedgedetected <= c0igitalInput and not cPrevoigitalinput;

I finally we have a register that increments when that ri

ni.com 47 INSTRUMENTS
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Compilation Process

LabVIEW FPGA Code

=

Compile VHDL through Xilinx

ting another f1ip flop

k cycle by insert
ugoiaitalxﬁputrr: i
ss( areset, Clk )
areset then
prevdoigitalinput
if rising_edge(Clk) then
r:gvoiqi!a1xnpu( <=

<= false;

rocess previousoigitalinputFF;

cofgitalinput;

-

en we have a 1ittle combinatorial logic to detect a rising

ngEdgedetected <=

cofgitalinput and not cpPrevoigitalinput;

rement <

~

FPGA Logic Implementation

g s
‘(\\Vé\,‘%m\

b\
gy

p

e e - N ([ _
Translation Optimization Synthesis
VHDL Generation Analysis & Logic Place & Route
Reduction Timing
Verification
\_ \_ VRN
ni.com 48

_ ™
Bit Stream

Generation
Download & Run
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One-Click Deployment and Compilation

- IEI N
{3 Period and Phase Measurement.l... Eug

File Edit View Project Operate Tools Window Development
[keY=1- 1IF Xl 8k | R~ PC

Items | Files

= E; Project: Period and Phase Measurement.lvpraj
= B My Computer
| readmetd
=] §# FPGA Target (PCle-7841R)

.- #1840 MHz Onboard Clock Con |p||e Q.H Q,
H : -
s i

Eﬂ Period and Phase Measurement.vi

>_'-!|_.-|_" Dependencies Server and -
= -.’-._ Build Specifications a
|0 erodand hase Messurement | Workers

% Dependencie: TN

- Build Specific;  Rebuild

Estimate Resource Usage

\ Check Signature H |gh_ “ig ig ig

Generate Intermediate Files

Display Compilation Results Perform ance = - -
Download Cloud

Remowve from Project b
Properties
‘7 NATIONAL
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Simplified FPGA Design Flow

Interface Abstraction  <Configuration-Based

Design _
*HDL/IP Integration
T ° i : .
\_____ Simulation In_teract!ve Window Debugging
*Simulation Tools

L

*One-click automation <Local Computer,

Compilation | of the Xilinx Tools Server, or Cloud
Compilation
- *Packaged and Board-
Deployment
\—— ploy } level Hardware Options
ni.com 50 ;‘ﬂ”ﬁz%"nﬁlms*




LabVIEW RIO Hardware

CompactRIO and NI Single-Board RIO PXI, PC RIO (R Series, NI FlexRIO)

Ultra Rugged Performance High Performance

Expansion 1/O

pii [_ [5 Il

MXI-Express RIO Ethernet RIO EtherCAT RIO Wireless

‘7 NATIONAL
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LHC Collimator Control

- 550+ axes of motion
- Across 27 km distance

- The jaws have to be positioned with an
accuracy which is a fraction of the beam
size (200um)

- Synchronized to

- < 5ms drift over 15 minutes
- Maximum jitter in us

‘7 NATIONAL
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PXIIn CERN Accelerator Complex

CNMS
- — PR —
FAl
/\Non’h Area \

FAR LHCb

East Area

A LINAC & [ - FXi<
[T 4] | P
FAl ~ i fpe— Leir
LINAC 4 e
N7 NATIONAL
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Software-Designed Instrumentation

DUT Control Power Level Servoing

Protocol Aware ATE Noise Correction

Vector Signal Analyzer Software Defined Radio

Frequency Triggering Channel Emulation

Test Sequencing Vector Signal Generator

Frequency Domain Averaging

¢ NATIONAL
>
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New Software Designed Instruments

GG G © ©
= oo

B @

PXle-5668R

26.5 GHz, >500 MHz

RTBW VSA

@e .@'

PXle-5654
20 GHz, -110dBm to +20dBm
Signal Source

ehe|
¥

PXle-5624R
2 GS/s, 12-bit
IF Digitizer

NI PXle-6591/92R
12.5 Gbps, 4-8 ch.
High Speed Serial

ni.com

>

PXle-5170/71R
250 MS/s, 14-bit, 4-8 ch.
Oscilloscope

55

PXle-7976R
3.5GB/s Streaming
K410T K7 FlexRIO
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Software-Designed Instrumentation
Completely Open-Source Driver Ensures Ultimate Flexibility

The VSA Acquisition VI separates the acquisition side from the V54 and V56
Acquisition and Generation VI Acquisition and generation are able to be run in
separate Vs in this way.

RIO Device

RIOj- :. - -

2!
e
|E_9

AR
170 g X
Center Frequency for Acquisition (Hz) o 1/ L= @

_ IntLO ~ StartMone = Power Spectrum stap /
B ®
A

DE
Reference Level (dBm)

Code Recommended - Add your
own custom error codes to this
error handler.

123

[x]

RBW (Hz)

ez

DE
Span (Hz)

Hizs
DE
Averaging Parameters
:{‘l 2

150
Spectrum Parameters

%

The vector signal transceiver is ready to run out of the box, but the driver

Is written entirely in LabVIEW, giving you direct access to the instruments
/0.

‘YNATIONAL i
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Introduction to LabVIEW Real-Time



What is Real-Time?

- Rea
- Rea
- Rea

-time does not always mean really fast
-fime means absolute reliability
-time systems have timing constraints that must be

met to avoid failure

- Determinism is the ability to complete a task within a fixed
amount of time

ni.com
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Real-Time Development Tools

Development
Software {

Real-Time
Hardware {

¢ NATIONAL
ni.com 59 ’ INSTRUMENTS'




LabVIEW MathScript RT Module

- Text-based controls, signal
processing, analysis, and math

- 900 built-in functions / user-defined
functions

- Reuse many of your .m file scripts
created with The MathWorks, Inc.
MATLAB® software and others

- A native LabVIEW solution

nteractive and programmatic
interfaces

- Does not require 3-party software
- Enables hybrid programming

) ~ MathScript Fractal.vi Block Diagram =
[ [@] @] [ [2] [ualfe o8] [ L1t Appication Font |~ | T |[5a~ | [€5~ el sen
1

Y »
B sarrscznzzazzazsaEnazzzaaazsssnInT)

MATLAB® s a registered trademark of The MathWorks, Inc..

y NATIONAL
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CAMAC Systems replaced with by
CRIO+EPICS+LabVIEW FPGA

- ( i e i
; = :
( ﬂlll( ("' ¥ y
1N\ a3 A 5 [

- |

o e g
< i

y NATIONAL
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LNLS (Brazil): FOFB Control System

(= U—— 0D

\;' | ‘/
o

Conditioned signals

CO BPM + Sterring Magnets

Ethernet network

- EtherCAT cRIO (Al) EtherCAT network
e networ

. Steering Magnets Power Supplies + cRIO (Al AO DIO)

‘YNATIONAL )
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FOFB Control System

System Validation: Speed

]

PC
(User Interface)

TCP/IP Ethernet
Network

&

Acquisition EtherCAT Network

Acquisition Chassis

NI19144

Function
Generator

Actuation EtherCAT Network

Actuation Chassis

ni.com

NI9144 ~

Amplitude (V)

Oscilloscope

Scan Period: 100 us

4 5} 8 10 12 14 16 18 20
Time (ms)

MIMO system @ 5KHz

15x improvement !

‘7 NATIONAL
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FPGA <= RT: FPGA Read/Write Controls

Real-Time
FPGA VI VI

2. Convert Voltage to Temp

 ge? D

Max Temp Max Temp RPM
TEMPC g || LEDWarning ® ELF— RPM e |
p e Woltage  » voltage
' - .- Temp ! -
. .- Terp \Watning ¥--

Battery State o Temp

: Temp Warning
e

Baktery Skate

§
[

y NATIONAL
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FPGA < -> RT. Direct Memory Access (DMA) FIFOs

- DMA FIFOs are an efficient mechanism for streaming data from the
FPGA to RT Processor

- Most RIO hardware targets have 3 dedicated DMA channels

ni.com

Sample Delay
(Ticks)
[Usz ¥

FPGAI/O Node

|°M ModS5/AI0 %‘

[o}-

FIFO Method Nade
B9 DMA FIFO 4ib °)

4

4

Timed OQut?  »

Full Flag

65
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FPGA <—-2> RT. DMAFIFOs

o f
[I® o o1 /a0

B — 5
Bk FIFO AIb® st
- .Rea
Write {1000} Number of Elements —
— F Element b Timeout (ms)
4 Timeout Data v
B Timed Out? | Elements Remaining o

| > G | >

FPGA DMA FIFO Real-Time Buffer

y NATIONAL
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Real-Time Processor €<—> Network

- Communicating with Development PC, distributed targets
- Real-Time VI front panel should only be used for debugging

- Embedded targets are designed to run headlessly
- Often no graphics support

Host PCs Deployed Embedded System

VNATIONAL i
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LabVIEW High-Performance FPGA Developer’s Guide

- LabVIEW single-cycle Timed Loop programming
- Throughput, latency, and resource optimization techniques

- HDL and third-party IP integration I —

- Data transfer mechanisms |

f

f .

rr High-Performance NI-RiO
| Developer's Guide
| —

ni.com/hprioguide

68
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http://ni.com/hprioguide /t _blank
http://ni.com/hprioguide /t _blank

Control & Monitoring SuperKEKB Vacuum

System
- 300 cold cathode gauges

- Residual gas analyzers

- Vacuum switches

- 300 wheel type flow meters

- 6000 Platinum resistance thermometer sensors

- All measurements every 1 or 2 seconds and data recorded (several
minutes) - All above data controlled by EPICS

- All of the above controlled and measured using LabVIEW-FPGA, cRIO &
EPICS (in cRIO)

- Controlled remotely from control room
- Highly reliable control and alarm system

y NATIONAL
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Addressing Big Physics
Application Requirements



Platforms and Standards

QAM Modulation of a JPG Image (with impairments)
WDua  Cometabaton Pt Imlml’"l

et ke - enveen, B

More than 1,500 PXI Products from More than 70 Vendors

DAQ and Control: Instruments: Interfaces:
Multifunction I/O Oscilloscopes GPIB, USB, LAN
FPGA/Reconfigurable Digital Waveform SCSI + Enet
I/(_). G_erllerator/,.é\nalyzers Boundary Scan/JTAG
Digital I/0O D.|g|tal Multimeters CAN + DeviceNet
A.nzlilog Input/O.utput Slg_nal .Generators RS232/RSA85
Vision and Motion Switching VXINVME
Counter/Timers RF Signal Generation and
Analysis
ni.com 71 "7I=SA'-II'-II!%NMAELNTS



Features and Specifications

- Analog Input
— Up to 250 kS/s, simultaneous
sampling
— 4, 8, 16, and 32-ch options
— Built-in signal condition for - Digital I/0
SENSOrs —Up to 10 MHz timing
—Strain gages, — Counter/timer, PWM
accelerometers, — 8 and 32-channel options

thermocouples, RTDs :
— Upto 60V, £20 mA —5V/ITTL, 12/24/48 V logic

_ _ levels
— 12, 16 and 24-bit resolution . Specialty
— Available ch-to-ch isolation — 2-port CAN modules
- Analog Output | — Brushed DC servo motor drive
— Up t0100 kS/s simultaneous  Third Party Modules
updating ) T —LIN, Profibus, WLAN 802.11,
— Up to 16-ch per module MIL-1553, ARINC-429, GPS,
— 210V, £20 mA and more
_— Isolation . Wmbes



BP Application Special Requirements

25,206 EPICS
L
RASM EPICS Support 'Tf'gcd?c?te
Llfecycle
Management

Blg PhyS|cs
Appllcatlons

U

®

gamma ray

Radiation and Safety : EMI,
Magnetic Field UL, CE, SIL
Testing
RoHS
Environmental: ROHS, _ Global Calibration
ChinaROHS, WEgg  Global Technical And Repair

Support 7 NATIONAL
i »

ni.com INSTRUMENTS




Linux Support

Linux Support

1, ! .

A | Phys
Appllcatlons

—

‘7 NATIONAL
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Linux Integration - Summary L&

Hardware Customer Custom NI Custom Open | Platform
Driver Development | Source Driver Integrated

Measurement MHDDK ITER DAQmMx Linux,
HW Hypervisor
RIO FPGA interface C APl ITER API, Hypervisor

y NATIONAL
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EPICS Support

EPICS

%

EPICS Support

I I 11
:' “ A 10

Big Physic

y NATIONAL
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EPICS

EPICS Integration o

EPICS

LabVIEW I/O Server .EPICS oh

Client or Server

NI Linux RT Standard EPICS I0C
on cRIO Implementation EPICS
LabVIEW RT Hypervisor EPICS I0OC lii

on PXI Shared MemoryS on Linux

EPICS

PXI Linux Driver EPICS I0C
(No LabVIEW)  Device Support on Linux %

y NATIONAL
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Radiation and Magnetic Field Testing

lf(“ I V‘E =l
A Big PhySICS /
Appllcatlons

,

Radiation and
Magnetic Field
Testing

‘7 NATIONAL
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Calliope Gamma Research Lab at ENEA
Casaccia

gamma ray

& e & ms . © "

o 2 - - —
- —e —t

3
r) vindass < —
o] { 32
, ! externd | i.‘_§_
H ﬁllb}fir\(h ; g
1 !.
i |
| r Metalclad
A it
& ? i Labyrirth | A
Wilicing, Jrooses !=
access % i
| Sicing metd-clad deor | Y :
| S '~—_L,.., i e ey SO T — _:
Labceatery wea I: Opticd laratary 1
W iTeomins NI PXle-1075
TR e o
k3 o = :
@‘ it E
v o] :
& ||| B '- :
L o ey o 4 .
5| |
L & | S = L}
PXiA © © 0o 0ol0o 0 0 0 @ o © © ® ® © ® ©
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http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/37/054/37054956.pdf
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/37/054/37054956.pdf

PXle and cRIO Gamma Testing

PXle-7962R / NI 5761 28 \ \
NI 9264 30
PXle-1075/PXle-8375 100 ‘ ‘
PXle-7962R / NI 5781 100 NI 9205 72
PXI-6682H 100 ‘ ‘ ‘ ‘
NI 9477 / NI 9425 131
PXle-6259 100 ‘ ‘ ‘ ‘ ‘ ‘ ‘
PXle-6368 100 NI 9148 | | | | | | | 152 |
0 20 40 60 80 100 120 0 20 40 60 80 100 120 140 160
Integrated Gamma Dose (Gy) Integrated Gamma Dose (Gy)
Passing mPartial Failure m Complete Failure ~ Unknown Passing mPartial Failure ~m Complete Failure Unknown

« Cumulative effects are evident in the gamma testing

* Most (1 PXI/ 1cRIO) failed devices exceeded
expected failure dose of 50Gy

* More than half of the devices exceeded the maximum
expected failure dose of 100 Gy

y NATIONAL
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Fast and Thermal Neutron Testing

Frascati Neutron Generator, TRIGA Reactor, JSI,
ENEA, Italy (Fast) Slovenia (Thermal)

y NATIONAL
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Fast Neutron Results (SEUs/Min)

PXle System Total
PXI-6682H
PXle-1075 / PXle-8375

cRIOSystem Total
NI9148

g NI9264 / NI 9205
Al Other Dovices 2 0E+6 nfcm?/s, 71 minutes, 17 Failures NI9477 /NI 9425 2.0E+6 nfom?/s, 71 |minutes, 13 Failures
PXle System Total cRIOSystem Total
PXI-66862H NI 9148
PXle-1075/ Ei:zgggg _ _ NI 9264 / NI 9205 _ _
All Other Devices 4 8E+5 nfem¥s| 37 minutes, 1 Failure NI947T / NI 9425 4.8E+5 nfem?fs, 37 minutes , 0 Failures
PXle System Total cRIOSystem Total
PXI-6682H NI 9148
P07 1BR o838 _ _ NI9264 / NI 9205
All Other Devices 1.3E+5 nfem?/s, 83 minutes, 0 Failures NI 9477 / NI 9425 1.3E+5 nfom?/s, 83 minutes , 0 Failures
I
0 0.05 0.1 0.15 02 0.25 0.3 0 0.05 0.1 0.15 0.2
SEUs / Minute SEUs / Minute

« Single Event Upsets dominated the neutron results generally
meeting ITER requirements
« Did not see permanent damage

y NATIONAL
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Thermal Neutron Results (SEUs/MiIn)

Total PXle
Pile-8375 Total cRIO
PRIG6BIH
PXle-S671R NI9148
lelelelelelelele 9205/9264
Mia 1.90E+7 n/cm?/s, 88 minutes, 14 failures 9425/9477
Total PXle
PXle-8375
PHI6BEZH Total cRIO
PXle-5671R
PXle-S781R | ) NI 9148
Mio 1.52E+7 nfcm?/s, 93 minutes, 13 failures 9205/9264
Total PXle 9425/9477
Pile-8375
PXI-6682H
5555555555
PXle-5781R Total cRIO
Mo 7.71E+6 nfcm?/s, 192 minutes, 16 failures NI9148
........ 9205/9264
e 8375 9425/9477
PXI-6682H
PXle-5671R
PXle-ST81R . .
Mio 3.85E+6 n/cm?/s, 110 minutes, 3 failures Total ¢RIO

NI 9148
PXle-8375 9205/9264
PXI6E82H -

PXle-5671R - 9425/9477

llllllll
e 7.71E+5 n/cm2/s, 171 minutes, 3 failures

1.90E+7 n/cm?/s, 36 minutes, 2 failures

|

1.52E+7 n/cm?/s, 51 minutes, 2 failures

7.71E+6 nfcm?/s, 143 minutes, 2 failures

3.85E+6 n/cm?/s92 minutes, 1 failure

Total cRIO
Total PXle NI9148
PXle-8375

9205/9264
PXle-S671R

PXle-5781R . . 9425/9477
<=7.71n/cm?/s, 36 minutes, 0 failures

<=7.71E45 nfcm?/s, 208 minutes, O failures,

Q 0.04 0.08 0.12 0.16 02

(=]
o
o
=
o
S
~
o
o
@

0.04 0.05 0.06

 Where able to test, are almost 1 order of magnitude more flux
compared to fast neutrons

« Failure rates were less than or equal to what was seen with fast
neutron testing

* MIO hardware handled thermal much better than fast (O failures)

‘ NATIONAL i
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Radiation Testing Conclusions

- Gamma Testing
- Most devices exceeded expected failure dose of 50Gy
- Cumulative effects are evident in the gamma testing

- Fast Neutron Testing

- Single Event Upsets dominated the neutron results generally meeting
ITER requirements

- Did not see permanent damage
- Thermal Neutron Testing

- Were able to test are almost 1 order of magnitude more flux compared
to fast neutrons

- Falilure rates were less than or equal to what was seen with fast
neutron testing

- MIO hardware handled thermal much better than fast (O failures)

ni.com
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Magnetic Field Testing at DESY: Phase 1

PXI Chassis
* Fans fail between 15mT - 25 mT
» |nvestigation to find fans tolerant to higher field continues

NI 9148 (cRIO Ethernet Chassis)

» Chassis works well up to 60 mT

 Permanent HW damage at 230 mT

cRIO-9205 & cRI0O-9263

* Works well up to 40 mT

« Data error between 40 and 50 mT

« Permanent HW failure after several minutes at 50 mT




Reliability, Availability, Serviceability, Maintainability

¢ NATIONAL
>
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RASM

Availability

The messure of howe
1 12 akle 1o
|:::;:|1::||r'|'| it2 ntended functian,

gven n tha midst ot talures

Reliability Serviceability

Ak e e Features and aspects
as mtended, withaut HAS M of the system a

failure o dhomiinma,
and satsfies the desired
pErformanca racuirsmsants.

contributing o ease
of dagnois and repair.

Manageability

y NATIONAL
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System Reliability Lab (SRL)

Mission:
Assess the reliability of National Instruments product-
based systems and drive product improvements

- Created to focus on system reliability for the:
- Compact RIO and PXI / PXle hardware platforms
- LabVIEW software platform

VNATIONAI.
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SRL PXI/PXle Testing

- 20 systems
- 18 systems at room

temperature g |
. 2 systems in temperature | o GO

GROUNDING
_ DEVICES

chamber (cycles between
5°C and 5°C)

- 5 systems running on dirty
power

- 3 different hardware
configurations

- 32 test applications

- 24/7 execution during
missions

‘7 NATIONAL
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SRL cRIO Testing

- 40 systems

- 32 systems at room
temperature

- 8 systems in temperature
chamber (cycles between -40
and 70°C three times per day)

- 8 systems running on dirty
power

-4 unigue cRIO applications

- 24/7 execution during
mission

‘YNATIONAL
INSTRUMENTS"
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SRL Temperature Chamber

- Cycle Temperature
three times per day for
months

- 2 to 8 Systems run for
months at time In this
environment

- PXI'/ PXle: 5°Cto
50°C
- CRIO: - 40°C to 70°C

¢ NATIONAL
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SRL Dirty Power Test Station

- Simulates a bad power
grid
-5 to 8 Systems run for

months at time In this
environment

- Vary frequency from 47
to 63 Hz

- Vary voltage level from
90 to 264 V

‘7 NATIONAL
’ INSTRUMENTS"
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- Redesigned to mechanically fit into a custom rack

- Independently powered, redundant hot swap power supplies
and fans

- Remote Monitoring : Chassis Temperature, Fan Status,
Power Supplies

W NATIONAL
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Lifecycle Management

ni.com

/

\

Product
Llfecycle

L|fecycle
Management

Blg PhySICS
> Appllcatlons

‘YNATIONAL
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Hardware Life Cycle

o

2 Next Generation
Upgrade

Active

N

Purchase new
Repair Yes
Calibration Yes

Service Yes
Agreements

IIII Support Level

5-
(product line-dependent)

| Active | Mature |  Maintenance | Obsolete
Yes Yes No No

Mature Maintenan

Last Time Buy Notice—/'i

Last Time Buy Date — :
<1 year=,

15 years >i¢-1 year->€2-4+ years typical>:

Yes Yes Reasonable effort
Yes Yes Reasonable effort
Yes Yes Yes

ni.com
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s

/)

. . . o
Lifecycle Planning: Examples N
Product Part Number Released Active Mature Maintenance Obsolete

cRIO-9072 779998-01 Nov-2007 | Nov 2007 - Nov 2012 Nov 2012 - Nov 2017 Nov 2017 - Nov 2022 Nov-2022
cRIO-9073 780471-01 Nov-2007 | Nov 2007 - Nov 2012 Nov 2012 - Nov 2017 Nov 2017 - Nov 2022 Nov-2022
cRI0-9074 779999-01 Nov-2007 | Nov 2007 - Nov 2012 Nov 2012 - Nov 2017 Nov 2017 - Nov 2022 Nov-2022
cRIO-9002 779000-01 Aug-2004 | Aug 2004 - Aug 2010 Aug 2010 - Aug 2014 Aug 2014 - Aug 2019 Aug-2019
cRI0-9004 779055-01 Aug-2004 | Aug 2004 - Aug 2010 Aug 2010 - Aug 2014 Aug 2014 - Aug 2019 Aug-2019
cRIO-9012 779563-01 Nov-2006 | Nov 2006 - Nov 2011 Nov 2011 - Nov 2016 Nov 2016 - Nov 2021 Nov-2021
cRIO-9014 779564-01 May-2007 | May 2007 - May 2012 | May 2012 - May 2017 | May 2017 - May 2022 May-2022
cRIO-9022 780718-01 Feb-2009 Feb 2009 - Feb 2014 Feb 2014 - Feb 2019 Feb 2019 - Feb 2024 Feb-2024
cRIO-9023 781173-01 Feb-2010 Feb 2010 - Feb 2015 Feb 2015 - Feb 2020 Feb 2019 - Feb 2024 Feb-2024
cRI0-9024 781174-01 Aug-2009 | Aug 2009 - Aug 2014 Aug 2014 - Aug 2019 Aug 2019 - Feb 2024 Feb-2024
cRIO-9025 781313-01 Jan-2010 Jan 2010 - Jan 2015 Jan 2015 - Jan 2020 Jan 2020 - Jan 2025 Jan-2025
Product Part Number Released Active Mature Maintenance Obsolete
cRI0-9101 779052-01 Aug-2004 | Aug 2004 - Aug 2010 Aug 2010 - Aug 2014 Aug 2014 - Aug 2019 Aug-2019
cR10-9102 779007-01 Aug-2004 | Aug 2004 - Aug 2010 Aug 2010 - Aug 2014 Aug 2014 - Aug 2019 Aug-2019
cRI0-9103 779053-01 Aug-2004 | Aug 2004 - Aug 2010 Aug 2010 - Aug 2014 Aug 2014 - Aug 2019 Aug-2019
cRI0-9104 779054-01 Aug-2004 | Aug 2004 - Aug 2010 Aug 2010 - Aug 2014 Aug 2014 - Aug 2019 Aug-2019
cRIO-9111 780915-01 Feb-2009 Feb 2009 - Feb 2014 Feb 2014 - Feb 2019 Feb 2019 - Feb 2024 Feb-2024
cRIO-9112 780916-01 Feb-2009 Feb 2009 - Feb 2014 Feb 2014 - Feb 2019 Feb 2019 - Feb 2024 Feb-2024
cRIO-9113 780917-01 Feb-2009 Feb 2009 - Feb 2014 Feb 2014 - Feb 2019 Feb 2019 - Feb 2024 Feb-2024
cRIO-9114 780918-01 Feb-2009 Feb 2009 - Feb 2014 Feb 2014 - Feb 2019 Feb 2019 - Feb 2024 Feb-2024
cRIO-9116 780919-01 Feb-2009 Feb 2009 - Feb 2014 Feb 2014 - Feb 2019 Feb 2019 - Feb 2024 Feb-2024
cRIO-9118 780920-01 Aug-2009 | Aug 2009 - Aug 2014 Aug 2014 - Aug 2019 Aug 2019 - Feb 2024 Feb-2024
First 1/3 of phase
Second 1/3 of phase
Third 1/3 of phase VNA-"ONAL
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Global Services

Blg PhySICS /
Appllcatlons

S

Global Calibration

Global Technical And Repair
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World-class NI services
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Calibration Services @

NlFIexnble Calibration Options Reduce Maintenance Expenses

Perform vernification Your existing service NI can calibrate your NI can provide
and adjustment of NI providers can venfy and device at the NI service calibration service at
products in your own adjust NI products center in your region your facility

metrology lab

NI Calibration Executive Calibration Support Regional Calibration Onsite Calibration

y NATIONAL
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Global Sparing and Rapid Replacement for @
High Availability Requirements

Tier3 Tier2 Tier1
NI Factory NI Regional On-Site Spares Inventory
Repair Inventory

[

I

]

[
" [P —
Customer OSP

NI Factory
Repair Center

10 y NATIONAL

ni.com INSTRUMENTS




Safety Certifications

A Blg PhyS|cs ¢

Pr—

Appllcatlons

Safety : EMI,
UL, CE, SIL

26 ‘7 NATIONAL
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Environmental Certifications

Blg PhySICS £
Appllcatlons

S

RoHS

Environmental: ROHS,

ChinaROHS, WEEE
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Addressing Big Physics Requirements:

Recap
EPICS

L

EPICS Support

Product
|fecycle

Llfecycle
Management

Blg PhyS|cs
Appllcatlons

U

®

gamma ray

Radiation and Safety : EMI,
Magnetic Field UL, CE, SIL
Testing
RoHS
Environmental: ROHS, _ Global Calibration
ChinaROHS, WEEE G'Obé‘l'JTegrr‘t”'Ca' And Repair ——
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The Benefits of Off-the-Shelf Technology
With the Flexibility of Custom Design
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[Acquire Samples, Scale and Send o FFT Loop|

n o -
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Conclusions

-Measurement and Control products
must meet technical specifications and
features requirements

- Big Physics applications have additional
requirements

- NI adapts COTS products to meet such
requirements

- NI globally offers accompanying services to
be successful over long term
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Thank You
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Contact

Ravi Marawar, Ph D

Senior Program Manager
Scientific Research & Big Physics

ravi.marawar@ni.com

Eran Castiel, MS

NI Israel Big Physics
Segment Manager

eran.castiel@ni.com
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