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Agenda

* Introduction to National Instruments
« What is Virtual Instrumentation?

» Key Features of a DAQ Device for synchronized
measurements
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National Instruments Profile

« Leaders in Computer-Based Measurement and Automation
* Long-Term Track Record of Growth and Profitability
« 4800 Employees +40 countries

« $821 MM Revenue in 2008

* Investment in R&D: 16 % of revenue

* 9 R&D locations

« 2 Manufacturing sites

« 25000 customers in 90 countries

*  More than 600 alliance partner as system integrators
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http://www.ni.com/modularinstruments/d/express.htm
http://www.ni.com/labview85/d/test.htm

What is Virtual Instrumentation?

Customer-Defined
Traditional Vendor-Defined — - PC-Based Measurement
Instruments and Automation Solutions

Processor Display

Power

RAM Supply

ROM Hard Disk
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Virtual Instrumentation Applications
« Test

= Physical/environmental measurements
= Prototype validation {est & Automagjp

= Manufacturing test A A/-\A
= And more... /.:[,’

 Control
= |ndustrial monitoring and control Data
= Motion control
= And more...

* Design
= Simulation and prototyping

= Design characterization
= And more...

Acquisition

DESIGN

NATIONAL

’ INSTRUMENTS



T —
The NI Approach - Integrated Hard- & Software-Framework

Test and Data Management Software

NI TestStand, DIAdem

Interactive Tools Application Development Software
SignalExpress LabWindows/ = Measurement
VI Logger LabVIEW Cvi Studio

Vision Builder Al

Graphical Development ANSI C Development  Visual Studio Components

Measurement and Control Services

PXIfCompactPCl Motion

GPIB/Serial
and Vx|

Data Acquisition and
ionin:

Distributed /0
Signal Conditioning RLCS

Hae FHATIDHAI.
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Evolution in Data Acquisition

Sampling
Rate

Resolution

# of Al
channels

#of AO
channels

# of DIO
#of CTR

Bus Interface

Data Transfer

100 kS/s

12 bit
16

2

8

2, 16 bit,
10 MHz
ISA

Ca 1 MB/s sys

1.25 MS/s

12/16 bit
16/64

8,32

2, 24 bit,
20 MHz

ISA/PCI/PXI/
1394/USB

10 MB/s sys

5/10 MS/s

12,14,16 bit
2,4,8 SS

2/0

8
2, 24 bit

PCI/PXI

80 MB/s sys

250 kS/s-1.25
MS/s

16/18 bit
16/32/80

4/2

24,48

2, 32 bit,
80 MHz

PCI/PCle/PXI/U
SB

80 MB/s sys

250 kS/s-
2 MS/s

16/18 bit

32/16/16
SS

4/2

24,48

4, 32 bit,
100 MHz

PCle/PXle

250
MB/s/dev

DMA channel 3, 16 bit 3 3 6 8
I Avg. Price 2000-4000 1500-4000 2000-7500 700-2000 700-10°000 l



Data Acquistion Devices

« Most DAQ devices have: Multifunction DAQ Device

- Analog Input
- Analog Output
- Digital I/O

- Counters

bammmd Counter

* Applications specific devices for: Computer lI0
= High speed digital I/O
(R

- High speed waveform generation
- Dynamic Signal Acquisition (vibration, sonar)

« Compatible with a variety of bus protocols:
- PCI, PXl/CompactPCl, PCI Express, PCMCIA, USB, 1394/Firewire®
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PC-Based Data Acquisition (DAQ)

Analog
Digital

Counter/
Timer

Sensors H

Motors [ [ ] .
Relays —O’ o> b
Transd nal Signal
ransducer Signa B iitoning

ni.com

DAQ
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Key Features of a DAQ Device

/0 Specification
= Analog Accuracy
= Channel Count

Software
Timing/Event Counter/Synchronization

Bus Interface
= Data Througput vs. Latency
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Key Features of a DAQ Device

* |/O Specification
= Analog Accuracy
= Channel Count

» Software
* Timing/Event Counter/Synchronization

* Bus Interface
= Data Throuput vs. Latency
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Software Framework for DAQ

Application N - . wm
Software | o A | JIAden

Measurement & Automation Explorer

Measurement
& Automation
Explorer

Express-

Ori
e Technology

Software

Hardware
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Data Acquisition with LabVIEW

NI-DAQmx driver software provides connectivity between LabVIEW and
your hardware

Configuration Based Programmatic Interface

k
h h
k k

DA Assistant | 00000000 | S e—— L] P— S— g
data " AT Yoltage ~|  |Sample Clock ""” Analog 1D Wim _

= NChHan NSanm

NI-DAQmx driver configures
* Triggering » Buffering
» Sample rates  « Signal routing
» Clocking . efc...
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Parallel Operations in LabVIEW

Configuring and visualizing multiple tasks graphically is easier

reguenc

F P
r. *j : h
- : "
L3 L3
r o »
Simulate Signal DAQ Assistant

ETTI o, S Parallel loops automatically
o take advantage of
Analog Output Loop .
o e multithreading and

multi-core processors for

P e— higher performance
T

v _' ull

- Analog Input Loop _
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Key Features of a DAQ Device

» |/O Specification
= Analog Accuracy
= Channel Count

« Software

* Timing/Event Counter/Synchronization

* Bus Interface
= Data Throuput vs. Latency
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X Series Multifunction DAQ

p to 32 Analog Inputs, up to 2 MS/s
16-bit resolution)

U
(
Up to 4 Analog Outputs, up to 3.33 MS/s
(16-bit resolution)
U
F

p to 48 digital I/O lines, up to 10 MHz
our 32-bit counters on each device
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X Series Key Features

NI-STC3 timing and
— SR synchronization
" X Series 133993901
Ai teChnO|Ogy

Multifunction DAQ Device

S

‘7 NATIONAL
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NI-DAQmx software optimizations High-throughput, native
PCI Express interface
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NI-STC3 Timing and Synchronization
Technology

 Counter improvements

* 100 MHz timebase

* New digital I/O timing engines

* Retriggering on every subsystem
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Counter Applications

Input Output

 Counting Edges * Finite pulse train

 Quadrature encoder and * Continuous pulse train (PWM)
position measurement +  Frequency generation

* Pulse and pulse-width + Frequency division
measurement

 Frequency, period and semi-
period measurement

 Two-signal edge-separation
measurement
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100 MHz Timebase produces more
accurate sampling rates

| | | Analog or
: Programmable
Timebase | Sl ClockDivider [l P'dta IO

* How to create a 1.25 MS/s sample clock?
= 20 MHz/16 =1.25 MS/s
= 100 MHz/80 = 1.25 MS/s

* How to create a 1.23 MS/s sample clock?
= 20 MHzM7T =1.18 MS/s
= 100 MHz/81 = 1.235 MS/s
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Synchronizing Multiple Functions
Multi-Function Synch Al/DI:

inimum Yalue IIE » Continuous Samples |

Maximurn Yalue [D5L ¢ Rate @ IaifSamEIeCIockI

Analog Input Physical Channel

—
1:0

- : =l
= - T
Al Yoltage * Sample Clack

Samples to Read

Measurement

|OK Message + wWarnings "l

Analog Whm
1Chan N3amp

timeouk
10,004

Digital Measurement

Continuous Samples |
Digital Input Physical Channel T

) [ el
Digital Input ~ Sample Clock =

Multi-Function Synch AVAO: —

Minimum Yalue |IE
Maximum Yalue |IE [}

Continuous Samples =

Samples to Read  Measurement

Analog Wfm
1Chan N3amp
Signal Type
Actual Input Rate

FOEL ]

Amplitude

|IE ¢
rate

Conkinuous Samples ¥

minimum value |[DEL
masximum valuel DBL K
phwsical channels 3

1% =t DAGmx Timing %

SampClk.Rate K
AC volkage Sample Clock, ~

w2 ]
Analag Wk

Start -
Digital Edge 1chan MSamp

Actual Update Generation Fate »06L]
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Synchronizing Multiple Devices

M Series:

Measurement

Analog 10 Wm
MChan MSamp status
Samples ko Read

. Measurement
timeout

Analog 10 Wm
NChan M3amp shatus

aifStart Trigger
'
B = DAGM: Timing G |nn N |~
RefClk.Sro ﬂ ’ bl

[1oooooooofs—F_ RefClrate

Continuous Samples |

[inirmurn Yalue |[DEL

Maximurn Yalue IIE

IOK Mmessage 4+ warnings 'l

T =& DAQmx Timing 5
RefClk.Src
RefClk.Rate

Ooooo

[a1 voltage ]| [Sample Cloc"
oooo

timeout Measurement 3

I_,:I 5 f‘”
TS|
Analog 10 Wkm

MChan MSamp status

|(_0nt|nu0us Jur

Wirirnum ¥alue ﬁ DEBLK
Mlazimurm Yalue ﬂ DEL ¥

LI/ 0

L]

B =& DAGm Timing 7
RefClk.Src
d RefClk.Rate

Physical Channel

Measurement 2

1L |
Analog 10 Wm
NChan M3amp skatus

[a1 ¥oltage ] [Sample Clock =]

Minirmumm Yalue ﬁ DEL K
Maxirnum Yalue ﬁ DEL K

Physical Channel
% =t DAgmx Timing §
RefClk, Src
[a1 voltage ]| [Sample Clock =) ] RefClk.Rate
ston R
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Synchronizing Multiple Devices

X Series:

Create voltage channels for two or more
DAQ devices with DAQmx Create Channel

lacquire and plot values continuously|

Waveform Graph

|Cn:|nt|nu-:|us Samples bl
|% Devijain: 15, Devz/ai0: 15 M-P
b
{

i = &

a1 Yoltage | |Sample Clack |

Analog 10 Wi _
MChan MSamp

And what if we want to log this to disk?

Create voltage channels for two or more
DAQ devices with DAQmx Create Channel

0 en or Create ™

|continuous Samples

lacquire and plot values continuously|

Waveform Graph

[; Devifain: 15, Devejain:1s M-E m-| [BC:\am. tdmsJ

[£1 volkage =] |Sample CI::u:k |

IL::ua and Read vI

= 10 &5 4
{8 {8

Analag 10 WFm
MChan N3amp

Configure Logging.vi Log at to disk at 1 GB/s with <5% CPU utilization
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Key Features of a DAQ Device

» |/O Specification
= Analog Accuracy
= Channel Count

» Software
» Timing/Event Counter/Synchronization

* Bus Interface
= Data Throuput vs. Latency
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Native PCI Express x1 Interface

* Dedicated bandwidth of up to
250 MB/s in each direction

8 DMA channels

» Software optimizations for low
latency and single-point control
applications
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Bandwidth v. Latency

>

Bandwidth

Increasing (Improving)

10000 A
. PCI /PXI Express (x4)
= 1000 - Good Better Best L 4
=
= N PCI/PXI (32/33)
-'g 100 = Gigabit Ethernet USB 2.0 . *
= ®¢ IEEE 1394 VME/VXI
D Fast Ethernet ¢ ;
s 10 - & GPIB (HS 488)
USB 1.1 GPIB (488.1)
1 ? | | | | | 1
10000 1000 100 10 1 0.1

ni.com

Approximate Latency (us)

Decreasing (Improving) Latengy
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Key Takeaways

Devices are available from low-cost to 2 MS/s/ch with
simultaneous sampling

Easy multi-function synchronization
Easy multi-device synchronzation
Easy data streaming and logging e
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