Utilizing the Latest Technologies In
Data Acquisition

INSTRUMENTS

y NATIONAL

y NATIONAL

INSTRUMENTS



Agenda

A Computer Based DAQ Fundamentals
A Utilizing New Technologies

‘7 NATIONAL

’ INSTRUMENTS



PCGBased Data Acquisition (DAQ)
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PCGBased Data Acquisition (DAQ)

HIL Simulation for Hybrid Cars Bridge Health Monitoring in India
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Measuring Analog Input Signals

Factors to consider:
ASampling rate
AResolution

ARange and amplification
ANoise and filtering
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Analog I/0: Sampling Rates and Updat

Rgtes

AUndersampling may result in the misrepresentz
the measured signal (aliasing).

AAfter a signal is aliased, it is impossible to reco
the original signal.

ASample at least twice as fast as the highest fre:
signal being measured.
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Resolution

ANumber of bits analodigital converter (ADC) uses to represent
AHigheresolutiahDetect smaller voltage changes
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16Bit versus 1-Bit Measurements

Dim —

2
%

“-{#'P?'E' T 1

D in 2 3

‘7 NATIONAL

’ INSTRUMENTS



Optimize Resolution with Amplification

==

Optimizes Resolution over the Range of the Measurer

- .

10 mV 32 levels 10V 65,536 levels
signal of resolution = signal of resolution
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Use Lowpass Filters to Remove Noise

|1|||||f| L
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Fncy Domain quency Domain

ARemoves noise
ABlocks unwanted frequencies
APrevents aliasing
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-
Improve Filtering FIeX|b|I|ty with

Digital Filters

Software (algorithmic) filters
A Change filter topology

A Change filter type (lowpass
and so on)

AChange cutoff frequency
A Change filter order (number of

v
L ]IJM'{\ 1 . I "ﬂ \) ””1” i f\'\ ‘

poles)
|
|
8 .
DAD Assiskant Filter Filtered Signal
data ’ b Signal =
- Filkered Signal » OE
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Use a Combination of Analog and Digi
Filters
AAnalog filters prevent signal aliasing

ACircuit components dictate the type and freque
the filter

ADigital filters complement analog filters by prov
I nfinite Atunabilityo

ADigital filters consume processor time but they
used posdcquisition
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Signal Conditioning Provides

Amplification and Filtering

0 g
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Integrated Signal Conditioning

SCC

B

PXI Instruments SC Series FieldPoint cDAQ

‘7 NATIONAL

INSTRUMENTS




Signal Conditioning Inputs

A Lowlevel voltage signalisl(@d mV) | -

A High volt ignalg (1000 V o
igh voltage signals (1 ) “
A Sensors o ke

" Accelerometers

Thermocouples e Tﬂ'——

RTDs —_ e .
Strain Gauges B
Pressure Sensors

Load Cells
LVDTs/ RVDTs _
Resolvers —.
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Hardware versus Software Timing

IVIVAVAVAY Y Y
4

1 kS/s to 20 kS/s 0 to 200 kS/s
varying by point 50 ns timing accuracy

C/‘:/

Arbitrary sampling rates, Clocked sampling rate,
pointby-point data buffered data
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Using a Buffer to Acquire Samg

AUse in conjunction with hardware
timing
AContinuous or finite length
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Analog Triggering

Acquired Signal /\/\/\/\/\/

A

e /\/\./W\./\/\/\/

Trigger Signe
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Digital Triggering

Acquired Signal N\/\/\/\/

A

Trigger Signad
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Analog Output

Channel 0 | DAC

Channel 0 /\/\/
Channel 1 /\/\/

Channel 1 | DAC

AMost Multifunction Die®ices have a digitednalog
converter (DAC) for eachefanalog output channels

ADACs are updated simultaneously with the AO Sampl
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Waveform Generation

AHardWare time (CIOCk hnlngﬂutput.viﬂlnckl]iagr l |:||E|[z|
buffered Output i ’_EIE;}IDI@IE;_|bullﬁf|_nir|13|:|_|:.ﬁ.|:|plicati0nFl:unt ~|[3=~G=~]
AEach channel can out
independently timed
W av ef O rm S SimulgitEESignal :
AMultiple AO operation :
can occur In parallel |, .
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Digital I/O S —

A DIO with Multifunction DAQ Devices =% 5 i ammamaiana st .

I Static (softwatiened) DIO
i Eight or 32 lines = - .

v

-

i Add SCXI or SCC for isolation === "*MhhiBle ' ML 40 104 i
A High Speed DIO =

I Dedicated digital devices

I Up to 100 MHz clock rates

I Up to 64 Mbits/ch onboard membry

I Programmable voltage lev2lé {0 5.5 V)
A Industrial DIO

I Up to 60 V ranges
I Buikin bank or charnioblannel isolation
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Utilizing the Latest Technologies in DA

Digital Isolators and Their Impact on
= \easurement Performance

Advanced Data Acquisition Techniqu
Onboard FPGAs

{1\ for Challenging Applications
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Utilizing the Latest Technologies in DA

Digital Isolators and Their Impact on
»w \easurement Performance

Advanced Data Acquisition Techniqu
Onboard FPGAs

Timing and Synchronization Technol
a for Challenging Applications
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The Convenience of USB

A Simplicity e
A Plug and play Q%
AWide Adoption

A 2.1 billion USB devices by2009
A4 USB ports perdC )

1Electronics.ca Research Network, Feb 2005
?PC Magazine.com, Dec 2005
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http://www.crutchfield.com/S-wQscbOk2mjq/cgi-bin/ProdView.asp?i=47230GVIDB&id=morephotos&a=&s=0&cc=01&g=226850

USB Evolution

100000 - PCl Express
— USB
10000 4 | Ethernet
. —PCB .
Q) C Buses PCI 32/33 Gigabit Ethernet
3 1000 - /
9 .
s e 100 Mbit Ethernet / / USE 2.0
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» 10 - /
USB 1.1
10 Mbit Ethernet
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Traditional USB DAQ Transfer Architect

Data Acquisition Device

|3

— -

Interface

s &

E ; lﬂl g .
System Timing || Processor | :
Controller B . :

Data Acquisition Front End 5 USB Communication and Control Logic
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NI Signal Streaming Technology

4 Data Acquisition Device with NI STC3 Technology

All rFIFO

Advanced
Timing
Controller
(NI-STC3)

CTR rFo

Microcontroller

NI Signal Streaming
Controller

Interface to
USB port
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Message Based Communication

ste->=Al Mode
ste->Al_ _Mode
sto->Al Mode
ste->Al_Mode
stc->Al Mode
ste->Al_Mode
stc->Al Mode
ste->Al_Mode
stc->Al Mode
ste->Al_Mode
stc->Al_ _Mode
ste->Al Mode
stc->Al Mode
ste->Al_ _Mode
stc->Al_ Mode
ste->Al_Personal.set_ Al _ EXTMUX CLK Pul

|} 23
stc->Al_SC Load A
St oAl START ST ac U|re Comml
stc->Al_START_STOP_ Select.set Al ST/ ]

stc->Al_START_STOP_ _Select.set_ Al START
ste->Al_START_STOP_ Select.set Al STAR
ste->Al_START_STOP_ Select sal
ste->Al_START_STOP_ Select.set Al ST
ste->Al_START_STOP_Selecl.set Al STO
ste->Al_START_STOP_Select.set Al ST«
stc->Al_START_STOP_ _Selecl.set Al ST
stc->Al_Trigger Select.set Al STAR
stc->Al_Trigger_Select.set Al _START1
stc->Al_Trigger_ Select.set Al START1
ste->Al_Trigger Select.set Al STAR
stc->Al_Trigger Select.set Al STAR
ste->Al_Trigger Select.set Al _START
stc->Al_Trigger Select.set Al STAR
ste->Al_Trigger Select.set Al _STAR

.set_ Al _CONVERT_ Sourcs
.set_ Al CONVERT Sour
.set_Al_ S| Source

set_Al_ Sl _Source

.set_AIl_ Start

Set_Al_ Trigge:

.set_Al_ Trigge:

set_Al_SC _ Initial Load
.set_AIl_SC Reload

set Al Delaved
.set_Al Delayed
.Set_Al Extermal (
.set_ Al _Extermal Gate
.set_Al Extemal Gat

UQQUQQN~J4444J4

.saet_ Al _SI2 Sour
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Increased Device Intelligence

A Device contains element of driver
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NI Signhal Streaming Performance Improver

‘W Traditional USB DAQ
B DAQ with NI signal streaming

1500%

1400%

1200%

1000%:

2002

&00%%

A400%%

2003

DAQ with NI signal streaming

Traditional USBE DAQ

Analog Input

Analog Qutput
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Wireless: The Next Bus for Data Acquisitior

Ethernet

wap  Compact \yap CompactRIO
CompactDAQ USB-9xxx WLS-9xxx ENET-9xxx FieldPoint

SB DAQ System USB Carrier Wi-Fi Carrier Ethernet Carrier
Wireless Programmable

Automation Controllers
Data Acquisition (PACs)
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http://digital.ni.com/express.nsf/bycode/expwu4

NI WAFI Data Acqguisition

A NFEDAQmxriver software
A 10/100 BasE/X Etherne! e

A IEEE 802.11b/g radio
A Easy to use
A Secure (IEEE 802.111)
A High bandwidth
A Established infrastructure
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WHFI: The Basics

802.11 1997 2.4 GHz 2 Mb/s ~30 m
802.11b 1999 2.4 GHz 11 Mb/s 30 m
802.11a 1999 5 GHz 54 Mb/s 10 m
802.11¢g 2003 2.4 GHz 54 Mb/s 30 m
802.11n 2009? 2.4 GHz ~540 Mb/s ~50 m

A 2.4GHz is an unlicensed band

AYouoOre compet i ng-Fiwaspoks,
and microwaves

A 802.11b/g defines 11 channels to reduce inter

y NATIONAL

INSTRUMENTS



WiFI Security

A Three levels of-Wisecurity
A WEP (not good)
A WPA (better)
A WPAZ2 (best, synonymous with IEEE 802.111)

A The best wireless security has two key compo
A Encryptior= data protection
A Authenticatiorr access control
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Encryption

A TKIP = Temporal Key Integrity Protocol (WPA

A AES = Advanced Encryption Standard (WPA2
A NISTendorsed standard for government agencies
A FIPSapproved (FIPS 197)

Key size (bits) Number of Time requiredat Timerequired at
alternative keys 1 decryption/us | 10° decryptions/us

=43 x 10 35.8 minutes 2.15 milliseconds
56 26=7.2 x 16 1,142 years 10 hours
128 21%8= 3.4 x 10 5.4 x 18years 5.4 x 1Byears

Time required for exhaustive key search (brute force attack)
http://csrc.nist.gov/publications/fips/fips197 /o4
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http://csrc.nist.gov/publications/fips/fips197/fips-197.pdf
http://csrc.nist.gov/publications/fips/fips197/fips-197.pdf
http://csrc.nist.gov/publications/fips/fips197/fips-197.pdf

Authentication

A Three players in 802.11i authentication
A Supplicant = client trying to access network AY)
A Authenticator = WAP hardwired to secured networl
A Authentication Server = verifies identity of client

Supplicant Authenticator Authentication
Sever
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Nativex1 PCl Express Interface

A Dedicated bandwidth of up to
250 MB/s In each direction

A 8 DMA channels

A Software optimizations for low
latency and singleint control
applications
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Utilizing the Latest Technologies in DA

Advanced Data Acquisition Techniqu

Onboard FPGASs

' el Timing and Synchronization Technol
v for Challenging Applications
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What Is Isolation?

A No direct electrical connecs
between two or more circt

A Floating from any other
reference potential

A Separated from undesirec
Influence of another circui:

AA. K. A. Not ¢
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Types of Isolation

C Isolation

o Barrier

=

3 : ;

O 2 -

: IR

9 o »

CU —

-

< .

Analog Signal Digital Signal

c :
Isolation

g Barrier

®© = il

@) °

N 2 Digital

—_ S Isolators

@ o

= e -_—

B | -

)

Analog Signal Digital Signal
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Benefits of Isolation

A Accuracy
A Eliminates ground loops
A Rejects common mode vol

A Safety
A Protection from voltage spi QALY
A Tested and certified

A Simplicity
A 0to 20nAI/O, 24V DIO  ISULATED
A No need for external conditioning
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Accuracy: Eliminates Ground Loop

A Common problem with single ended measurements
A Cause Difference in ground potentials
A Differentidlonly good for underl®/ VDC

Nonisolated Isolated
DAQ Board DAQ Board
Al
Signa
Al GND
Croudvolase . Isolaion
difference AT

No Ground Loop —
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Accuracy. Common Mode Voltage Rejectio

AVoltage common to both the +cirashnels

What will a nagolated M Series board read?

DAQ Board

5V(Y) BCYY,

I
N4

Q

GND

5 \E Common Mode

+— Voltage
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Accuracy. Common Mode Voltage Rejectio

AVoltage common to both the +cirashnels

|solated/Noatrolsl val inaselett dueM ddennes boadd: nezithgevabd read 5 V

('

5V(*)

Q

Voltage

()
N\

DAQ Board

BV

. _<
O 60 \'< 55 \E Common Mode

I

4 :
Automotive measurements

A 42V and 12 V common
mode

Battery stack testing

“A Small individual 1 V cell

Signal + Common mode: 60 VDC
Signal = 10 V (same as the nizolated M Series)
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INSTRUMENTS



Simplicity
Multifunction
@ DAQ Board
@ External
Isolation

gxztgrne'lal\ Industrial
-20m Sensor/
Analog I/O Actuator

SSRs - '
@ To Handle
24V Logic Levels

INSTRUMENTS
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Simplicity
Multifuncti
(233, (1) oAgsca

@ Isolation

SSRs
@ To Handle
24V Logic Levels
Industrial

Sensor /
Actuator

p

INSTRUMENTS
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Safety from Hazardous Voltages

A Protection for user, data and equipment from tran:
A lIsolated M and S Series: Y40 1950 VDC for up to 5 sec

A Applications

A Factory floor, production lines, process control where h
voltage and transient signals are common

A Proximity to large motors or wall powe
A Medical equipment

A University Labs HIGH
VOLTAGE

y NATIONAL
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Utilizing the Latest Technologies in DA

Digital Isolators and Their Impact on
»w \easurement Performance

Timing and Synchronization Technol
a for Challenging Applications
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Applications Requiring Custom Hardwe

A Custom data acquisition

A Digital communication protocols
A Decision making in hardware

A Control over 40 kHz

A Sensor level signal processing
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Benefits of FPGAS

C Massively parallel S
C Reconfigurable

C Digital signal processing
C Highspeed control

C Faster time to market

D Typically require digital
design expertise
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Reconfigurable Intelligent DAQ

A FPGAbased 1/0 timing
A Userdefined onboard processing
A Hardwarmed speed and reliability
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LabVIEW FPGA Module
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Intellectual Property (IP)
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Typical MIO DAQ vs. Intelligent DAQ

/O Control

Fixed ASIC for timing and
triggering

Open FPGA for timing an(
triggering

Analog I/0 Multiplexed, shared sam

"—

Simultaneous or independ;

s

counters

clock operation
Digital 1/0 Up to 32 lines, Up to 160 lines,
Correlated DIO C— hardware timed
Onboard 2 general purpose Custom counters on any
Counters —

digital line

y NATIONAL

INSTRUMENTS



Custom Triggered Analog Input
With Intelligent DAQ

Y'hile Loop

_ase Struckure
Pis& IiD Mode m'
M

Sequence Struckure
iDooDoDoooD0ooooooooooooooon

FPEA IO Mode m

DMa0
Tirneouk

Ful

OO0 o000 00000000o00o00oooonan
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Intelligent DAQ Applications

A Custom timing/triggering
A Ultrahigh speed control
A Sensor simulation

A Hardwarértheloop test
A Specialized communication protocols

EQDY AMD CHAZEIES

AUTD ELECTROMICE g S

‘ | SRFETY {3
— FOWER TRAIM -':F L
X »le e Lo

e

y NATIONAL

INSTRUMENTS



Utilizing the Latest Technologies in DA

Digital Isolators and Their Impact on
»w \easurement Performance

Advanced Data Acquisition Techniqu

Onboard FPGASs
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Synchronizing Multiple Devices

M Series

Continuous Samples |

Tinirmurn Yalue IIE

aifStart Trigger

'mﬂﬂﬂﬂﬂﬂﬂﬂﬂ

i

Maximurn Yalue IIE

B = DAGM: Timing G
RefClk.Sre

1100000000 b4

—

4

RefClk.Rate

Sample Rate

e Cloc"

[a1 voltage ] [Sampl

|(_0nt|nu0us Jur

Wirirnum ¥alue ﬁ DEBLK

B =2 DAQm: Timing &
RefClk.Src
RefClk.Rate

Measurement

timeout

Analog 10 Wm
MChan MSamp status

Samples ko Read

Measurement

K _message + warnings )

S|

Mlazimurm Yalue ﬂ DEL ¥

Physical Channel

B =2 DAGm: Timing |
RefClk.Src

Oooo

Ooooo

[81 voltage ~] [Sa

mple Clock ]|

Minirmumm Yalue ﬁ DEL K
Maxirnum Yalue ﬁ DEL K

Physical Channel JI70

[81 volkage ~]

[5ample Clack =]

ni.com

. RefClk.Rate

RefClk, Src

RefClk.Rate

MChan MSamp

Analog 10 Wm v”
status

tirmeaut

Measurement 3

l1o.0]
L Er

Analog 10 Wkm
MChan MSamp status

timeout

Measurement 2

Analog 10 Wm
NChan M3amp skatus

sop {28

‘7 NATIONAL
’ INSTRUMENTS




Multidevice Acquisition AND Logging

[LC\Documents and Settings)AdministrakoriDeskbopiData, kdms o

Minimum Yalue |[DELk lContinuous Samples | lcreate or Replace |

Samples to Read Measurement loK message + warnings |

Maximum Yalue |[DEL k Sample Rate
Physical Channel 7 Ll l\—|
5 T )
iy e, o ) S
AT Yoltage v| Analog 10 Wm ;
MChan MSamp v :
|Ln:|§ and Read 'l Eimneout stop E
10.00 m

[

Configure Logging.vi

Theeasiest AND fastesty to log acquired data to disk

INSTRUMENTS
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Importance of Timing in Test, Measurement and Contro

A Trending
A Allows interpolation /\/\/\/
A Graph vs histogram

A DMM vs Digitizer

A Correlation
A Relating two events to one aWN\/
A Phase

A Controllability
A Timing of control loops
A Determinism

A SImUIatlon Capablllty —Setpoim+ Error -» I Kjie(r)dr —v(z)—»-—()utput—r

A Timing is inherent to a simula -

» P K e(1)

[ D g0
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The Challenge

Synchronize Dynamic
Measuremen®ver Lonc
Distances

Shore-Based DAS
(Sub-System #1) (Sub-System #2)

GPS Sateliite

Maobile Surface Vehicle w/ Onboard DAS

D
Mobile or Stationary (Tethered)
Cable to Underwater Vehicle w/ Onboard DAS
Shore-Based DAS Hydrophone Array (Sub-System #3)

INSTRUMENTS
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RTSI and the PXI Trigger Bus

RTSI PXI
RTSIO PX_Trig0
RTSI1 PX_Trigl
RTSI 2 PX_Trig2
RTSI 3 PX_Trig3
RTSI 4 PX_Trig4
RTSI5 PX_Trig5
RTSI 6 PX_Star
RTSI Clock [PXI_Trig/

Pxl J2 Connector

—-
=
=
=
=
=i
=
-
=

ADirect mapping of RTSI signals to PXI Backplan
Connector (J2), no ribbon cable needed

y NATIONAL
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-
Considerations for Distance and Delay

A Delay o signal is proportional to the distance it has tc

A Star triggee designed so all trigger signals have the
delay (<1 ns, <150ps)

Star Triggers
] &
= 2| Local Local _ | Local
c E 22| Bus |m| B ¥ T| B | = Extamal
21 |2 e S el S (eeoood=n S| £ K i
k= =3 wn o o Interface
= T & = 3
8 E £ o g
= g 5 = =
2 £ = 3 o
2 i
W
T % F T
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Comparing Synchronization Technologies

Precision

1012sec

10°sec

10%sec

103sec

sec

Signabased

<10%m 102m 10%m 10im 10%m 103m 10*m 10°m  Global

Proximity

y NATIONAL
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-
Global Positioning System (GPS)

A Satellite constellation completed in Margh 1994

A Globallavailable
ATi me synchronization between

A Can be used to calculate position within meters

: b ilig2 HEt ; : .:
" e 4 .
7 N CTTIREE
b IlEBRR | '_j., F e U 2R ’».'_j.. »
334:13:00:01 I 334:13:00:01

(1) Source: Trimble http://www.trimble.com/gppiEigps shtml#0
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