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Overview

« Overview of Data acquisition
« DAQ signals
« Signal conditioning
« Sampling concepts
 DAQ hardware
— PXI
* Device drivers
« Software development for PC-based DAQ (using LabVIEW)
« Hardware timing
» A few other examples (including VISION)
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Data acquisition (DAQ)

« Data acquisition involves measuring signals (from a real-world
physical system) from different sensors, and digitizing the
signals for storage, analysis and presentation.

* Analog input channels can vary in number from one to several
hundred or even thousands

Computer-based DAQ system: /—\

Transducers Signal Conditioning Data Acquisition Device Personal Computar \

Physical
Phanamana

NI SC DAQ \/



http://zone.ni.com/devzone/cda/tut/p/id/4084
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Overview of Data acquisition (DAQ)

A DAQ system consists of:
« Sensors (transducers)
« Signal Conditioning

» Cables
* DAQ hardware : N
* Drivers N
 Software NE
v oSS

1 Sensors and Transducers 4 DAQ Hardware
2 Signal Conditioning 5 Personal Computer and DAQ Software
3 Cable Assembly

DAQ fundamentals turtorial from NI:
WWW.NLCom http://zone.ni.com/devzone/cda/tut/p/id/3216



Types of Data Acquisition Systems

 DAQ types and some of their characteristics:

1. Laboratory DAQ

Permanent location

Can be a large and heavy installation
Often rack mounted (19-inch racks)
PC-based

2. Portable DAQ
« Small and light
« PC-based (connected to a PC), or

« Stand-alone units, like data loggers, that do not need a PC
connection (e.g. a flight data recorder)

3. Both 1. and 2. can be required to be ruggedized
for use in the field
«  Shock and vibration tolerant
Water and dust protected
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Categories of DAQ signals

Analog input
Analog output
Digital I/O

Counter

— Quadrature encoder input for rotational measurements
— Digital edge counting
— Frequency measurements

Other signals: bus-based and serial
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Digital Signal Information

Two types of information:

e State
Rate

EEREEEA SR

wm i

Arnplitude
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Analog Signal Information

4. 71 Volts
Three types of information: A
* Level
« Shape

* Frequency

Amplitude
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Considerations for analog signals

« Signal source - grounded or floating

e Source impedance

— The DAQ device must have a much higher input impedance
than the signal source

— This is usually not a problem as the DAQ devices are
designed to have a very high input impedance (GQ range)

« Single-ended & differential signals

4
L. +Z,

7
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Signal Source Categories
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Grounded Signal Source

— Signal is referenced to
a system ground
 earth ground
* building ground

— Examples: I I
« Power supplies ™
 Signal Generators
« Anything that plugs into

an outlet ground
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Floating Signal Source

« Signal is NOT referenced to
a system ground
— earth ground
— building ground
« Examples:
— Batteries
— Thermocouples
— Transformers
— Isolation Amplifiers
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DAQ-card input signal configuration

— DAQ input channels can be configured in two ways:
« Differential
« Single-ended
— Referenced Single-Ended (RSE)
— Non-Referenced Single-Ended (NRSE)
— The optimal connection depends on how your signal is
grounded
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Single-ended (SE) signals

* One signal wire for each input signal

« Can be used for the following conditions:
— High-level input signals (greater than 1 V)
— Short cables
— Properly-shielded cables or cables traveling through a noise-free
environment
— All input signals can share a common reference point (ground)

« To types of connections:
— Referenced Single-Ended (RSE)
— Non-Referenced Single-Ended (NRSE)

Amplifier

Input =ignal
o +

Ground
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RSE vs. NRSE configuration

« The RSE configuration is used for floating signal sources. In this case,
the DAQ hardware device itself provides the reference ground for the
input signal.

« The NRSE input configuration is used for grounded signal sources. In this
case, the input signal provides its own reference ground and the
hardware device should not supply one.

— Measurement made with respect to a common reference (AISENSE), not
system ground (AIGND)

— AISENSE is floating

RSE NRSE

ACH ACH

+ +
Vi AIGND | Vi | AISENSE

1 — 1 oo
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Ground loop illustration

The blue connection to ground must not be added, since it creates a ground loop

RSE

ACH

_|_
\ AIGND
AVg l
[ L

Ground loop!

g
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Two signal wires for each input signal (input and return signals)
The measurement is the voltage difference between the two wires
Recommended for the following conditions:
— Low-level signals (less than 1 V)
— Long cables
— The input signal requires a separate ground-reference point or return signal
— The signal leads go through a noisy environment

DAQ devices with instrumentation amplifiers can be configured as differential
measurement systems

Any voltage present at the instrumentation amplifier inputs with respect to the
amplifier ground is called a common-mode voltage

The instrumentation amplifier rejects common-mode voltage and common-mode
noise

Input signal . Instrumentation Amplifier
Amplifisr ~—
. __J__ + \-\L""'m
Input signal SN ~
= "' Grounded Signal Source | Vs | . e
‘= Return signal - +
Return signal T - - _ Measured Voltage
o = J-I-ﬁ L I

Common Mode Voltage, '{cw‘
Ground Potential, Noise, etc. ™~
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Options for Grounded Signal Sources

ACH(+)

ACH (-)

AIGND

Differential

>
1

£3

AISENSE

NRSE

AlGM

I
-
o

+ Rejects Common-Mode Voltage
- Cuts Channel Count in Half

NOT RECOMMENDED

- Voltage difference (Vg) between the two
grounds makes a ground loop that could

damage the device

GOOD

+ Allows use of entire channel count
- Doesn’t reject Common-Mode Voltage
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Options for Floating Signal Sources

ACH(+) N
@1 _ACH () >“” + Rejects Common-Mode Voltage

% HNGND T - Cuts Channel Count in Half

Differential = - Need bias resistors
ACH BETTER
@1 AIGND| > +Allows use of entire channel count
+ Don’t need bias resistors
RSE l - Doesn’t reject Common-Mode Voltage

ACH GOOD
@ AISENSE + Allows use of entire channel count

L_M - Need bias resistors

/7];7 NRSE - Doesn’t reject Common-Mode Voltage
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Signal conditioning

Signal conversion
— E.g. current-voltage converter

Amplification
Attenuation
— Voltage divider
 Filtering

— Anti-aliasing
 |solation
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Current-to-voltage converter

« Transimpedance amplifier (Feedback
Ammeter)

« Recommended connection for small
currents

« Sensitivity determined by Rf

« Add a capacitor Cf in parallel with Rf to
avoid oscillations

« Rfusually large to achieve a large gain
* e, dominate for large Rf

RF
' \ Vo = —Iiv Rr
A >
Input _+/ VO N o
Noise equivalent circuit:
R
f —
e nj/::_

|_ enp —" /N
b TAVAY

ey — +

- e, = input current noise * Rf
e,, = input voltage noise
e, = thermal noise (voltage)
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Amplification

— Used on low-level signals (less than around 100 mV )

— Maximizes use of Analog-to-Digital Converter (ADC) range and
INncreases accuracy

— Increases Signal to Noise Ratio (SNR)
E.g.-5Vto+5V

Noise _
Instrumentation
1 mv Amplifier
10 mV |
10V
1000 _
Lead Wires
Low-Level Signal External |
Amplifier DAQ Device
Vsignal
SNR = Vygua/Vaose = (10 MV * 1000) /1 mV = 10 000 SNR =20 lﬂg( v )
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Operational amplifier R2

R
(Op-amp) TR
— Inverting op-amp amplifier
* Vo =-R2/R1* Vi ——0ov

NOnN-i - lfi Input ’ —
— Non-inverting op-amp amplitier i Opt

— Vo = (1+R2/R1) * Vi

R2
m‘ \

— Non-inverting op-amp amplifier useful when a

high impedance input is needed 0
— Inverting op-amp amplifier useful when a low

Impedance input is needed
— Non-inverting op-amp amplifier gives less

noise (due to G = 1+R2/R1 instead of

G =-R2/R1
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Attenuation

« Voltage divider

« A circuit that produces an
output voltage (V) thatis a
fraction of its input voltage
(Vin)

« Can be neededto geta
high-level signal down to the
acceptable DAQ-card range

.
T“Ein

__.i"
out
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Input Coupling

« Use AC coupling when the signal contains a large DC
component. If you enable AC coupling, you remove the large
DC offset for the input amplifier and amplify only the AC
component. This configuration makes effective use of the ADC

dynamic range

(@
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Isolation amplifiers

« |solation electrically separates two parts of a measurement device
« Protects from high voltages

« Prevents ground loops

— when two connected points are at a different ground potential, creating a current flow in the
interconnection, which produces an offset error

« Separate ground planes of data acquisition device and sensor
 |solation techniques: Optical, Capacitive, Inductive Coupling

~ V4
8.5V .AI+ b \\I I,’
OISt
15V 1 |
Al GND

® ?lsolators
/ \

/7 \
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« Before we look at hardware filtering, lets
have a look at sampling concepts ....
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Sampling Considerations

— An analog signal is continuous

— A sampled signal is a series of
discrete samples acquired at a
specified sampling rate

Actual Signal
— The faster we sample the more

our sampled signal will look like
our actual signal

— If not sampled fast enough a
problem known as aliasing will

occur _
Sampled Signal
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Aliasing

Aliased
Signal
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Sampling & Nyquist’s Theorem

* Nyquist's Theorem

— You must sample at greater than 2 times the
maximum frequency component of your signal to
accurately represent the frequency of your signal

« NOTE: You must sample between 5 - 10 times
greater than the maximum frequency component of
your signal to accurately represent the shape of your
signal
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Sampling Example

-

100Hz Sine Wave

Sampled at 100Hz

Aliased Signal

VY= VVA

100Hz Sine Wave

Sampled at 200Hz

Adequately Sampled
for Frequency Only
(Same # of cycles)

ATAAYRYAY)

100Hz Sine Wave

Sampled at 1kHz

Adequately Sampled
for Frequency and
Shape
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Adenqualaly Sampled Signal

Hardware Filtering )/TW NATTN [
VIOV
» Filtering T
— To remove unwanted signals from the signal that you are trying to
measure

« Anti-aliasing low-pass filtering (before the A/D converter)

— To remove all signal frequencies that are higher than the input
bandwidth of the device. If the sighals were not removed, they
would erroneously appear as signals within the input bandwidth of
the device (known as aliasing)

Frequency Domain: Differential Analog
Amplifier Lowpass A/D

Filter Converter

Xl —|+
o ADC —
‘ @6\96 ‘ P\\\@g ‘

fN Hz N Hz
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Analog filters

Filter types: LP, HP, BP, BS, Notch

Low-Pass

Passive filters:
— RC, LCR

— (often inductors L are avoided, but they

are needed for high Q-factor)
Active filters

— opamp + Rand C .,_C||__|

_ (Can av0|d L) 220 nF 220 nF

Some common filter characteristics

— Butterworth
— Chebyshev

Magnitude (dB)
. & \
o

-140

~ Butterworth

Chebyshevl
MRy Empth...ﬁ.....@.

azol o fo i

oVout

RS0 kQ

— Bessel (constant group delay in pass band)

— Elliptic

passband  franstfion band

v SRS

Bessel

= -3
2 = = M
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Sallen-Key - Active analog filter

* Free program: FilterPro from Texas instruments
— http://focus.ti.com/docs/toolsw/folders/print/filterpro.html

LP HP
Icl R1
VWA
R, R, | c, c, 10 kQ
in o—\NV'—o—\NV"—‘ -+ in t-—| I—o—l +
v =""rout Y =Vout
> 220 nF 220 nF >
Cy == R,S10 kQ
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« Can be suitable as an ADC anti-aliasing filter if you build your

Switched-Capacitor Filter

own electronics

« Be aware of possible clock noise (add RC-filters before and after)

« The corner frequency (cut-off) fc is “programmable” using an
external clock

 Example:
— MAX7400 8th-order,lowpass, elliptic filter

— MAX7400 has a transition ratio (fs/fc) of 1.5 and a typical stop band

rejection of 82dB

VsupeLy 1

0t

I

1

INFUT ———

CLOCK —

fc =fcLk /100

N

CLK

Voo Srow

MAXIMN
MAX7400
MAX7403
MAX7404
MAX7407

GND

OUT —— OuTPUT

1

COM j—_L
0s 01
L

0. 1pf

41N (dB)

~—— PASSBAND ——

t RIPPLE

fg

TRANSITION RATIO i

g

¥

~—— STOPBAND ——»

e f FREQUENCY
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Importance of LP-filter selection for
DAQ bandwidth

» fc = cut-off frequency e
- fs = sampling frequency 1R -+
\

« BW = bandwidth

IHFA
4 pashand  transtion band stopband

_____________ .

R;
M (dB) \ l
1 BW - .
—> "
0 5
3 g
Mgy — |mmmmbmmm e oo s DN e
- — £ (H2)

fs = 2*10p

v

A

fs = 5*fc (in this example)
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ADC architectures

* Multiplexed

« Simultaneous
sampling

Multiplexed

;h 0

ch x ——

h ADC

S5H w/ multiplexing — simultaneous sampling

Gh 0 —Amp

SSH

gmx-—EE@h

SSH

Amp ADC

ch 0

Gh

Multi-ADC — simultaneous sampling
|
|
|

Amp ADC
Amp ADC
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ADC resolution

« The number of bits used to represent an analog signal determines the

resolution of the ADC

« Larger resolution = more precise representation of your signal

« The resolution determine the smallest detectable change in the input
signal, referred to as code width or LSB (least significant bit)

code width

den

ice range

7

resolution

Example:

device range _

zr'eso}'u tion

10
2

= 15mV

16-Bit Versus 3-Bit Resolution
(5kHz Sine Wave)

10.0
875 .................. : :
16-bit resolution
7-50 ....................................................
- 625 ...........................................................
g s

3.75 011

o5 010

1.25 001 e N me—. ... ...

0 oloo |
0 50 100 150

200
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Digital signals: Bits, dynamic range,

and SNR

 SNR = signal to noise ratio

 The number of bits used
determines the maximum
possible signal-to-noise ratio

e Using the entire ADC range
(using an amplifier) increases
the SNR

* The minimum possible noise
level is the error caused by
the quantization of the signal,
referred to as quantization
noise.

M AD —

AGC
Automatic Gain Control may be
part of a digital feedback loop

— Analog waveform

[._—— Quantized waveform

Same noise but less signal;
lower S/N figure

Compare

\

o

Higher S/N figure

Risk of
“clipping’.
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-3dB

ADC oversampling .

| > |

« The SNR of an ideal N-bit ADC (due to quantization effects) is:
SNR(dB) = 6.02*N + 1.76

« |f the sampling rate is increased, we get the following SNR:

- SNR(dB) = 6.02*N + 1.76 + 10* log,,(OSR)
* OSR = f/f quist Af

0

* Nyquist sampling theorem: f; = 2 *Af .,
« Oversampling makes it possible to use a simple RC anti-aliasing
filter before the ADC

« After A/D conversion, perform digital low-pass filtering and then
down sampling to f,qist

* Effective resolution with oversampling = N + 1/2 *log, (fs/fyquist).
where N is the resolution of an ideal N-bit ADC at the Nyquist rate

— If OSR =f//f = 1024, an 8-bit ADC gets and effective resolution

nyquist —

equal to that of a 13-bit ACD at the Nyquist rate (which is 2 *Afg,, )
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ADC range

« Range refers to the minimum and maximum analog signal
levels that the ADC can digitize (+/-5 or +/-10 typical for many
DAQ-cards)

» Pick a range that your signal fits in

« Smaller range gives a more precise representation of your signal, given
that the signal is not clipped (saturated)

« If your signal is clipped you can in general not determine the absolute
signal levels
« Bipolar signals are signals that range from a negative to a
positive value (e.g. -5to +5V)

« Unipolar signals are signals that range from O value to a
positive value (e.g. 0 — 5 V)
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Gain

— Galin setting amplifies the signal for best fit in
ADC range

— Gain settings are 0.5, 1, 2, 5, 10, 20, 50, or 100
for most DAQ cards.

— You don’t choose the gain directly in LabVIEW
* Choose the input limits of your signal
« Maximum gain pos@sible IS selected
« Maximum gain possible depends on the limits of your
signal and the range of your ADC
— Proper gain = more precise representation of
your signal
 Allows you to use all of your available resolution
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Gain Example

* Input limits of the signal: 0 to 5 Volts
« Range setting for the ADC: 0 to 10 Volts
» Gain setting applied by instrumentation amplifier: 2

Amplitude
(volts)

10.00
8.75
7.50

5.00
3.75
2.50
1.25

Different Gains for 16-bit Resolution
(5kHz Sine Wave)

- Your Signal

|
50 100 150 200
Time (us)
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Other noise reduction techniques In
DAQ systems

« Position noise sources (e.g. motors and power lines) away from data
acquisition device, cable, and sensor if possible

« Place data acquisition device as close to sensor as possible to prevent
noise from entering the system

« Twisted pairs, coax cable, shielding e
« Software Filtering (e.g. averaging) S—
(a) Twisted-pair cable — View Made
(% Signas | shaw a: um
. AN L | | e
\ / oK | d | [t
O O
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Software filtering

« Easy, flexible, predictable, inexpensive
« Unable to distinguish aliased signals from true ones

— Need a hardware anti-aliasing filter before the A/D
conversion!

* Modern PCs have plenty of CPU speed for software filtering

ﬁﬁmﬁgme Filter [Filter]

‘ Filtering Type

_ower-Level Filter Vs s

Filters CLkSFF Frequency (HZ)
101
A | 8, Fearch | &2 Wiea

= | = = | = =W () Finice impdse response (FIR) flter
Butbsrvsorth Chetayshsy Irw Cheby shey Eliotic Bi=s=el T L
(B | [ [ Topelogy
ﬂﬂ ‘k Buttensarth |
Equifipolz LP  EquiRippleHP  EquirRippie BF Equiflipol: B3 Bty
E E 3 : e e
" LI_):n e (&) signals []5ho chrum
ir_ 2 Trarsfer function
Ireerse F Zero Fhese FIFL Win Filar e
= D_J* D K lagritudz in dB
‘mlun | i 11} FIE Fraquency In log
MedianFl=r  Saviczky-Golay Govarced 1IR - Advane=d FIR
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Data Acquisition Hardware

Plug-in card (PCI/PCle)

Computer

Terminal Block

 DAQ Hardware turns your PC into a
measurement and automation
system
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DAQ Device

— Most DAQ devices have:
* Analog Input
* Analog Output
 Digital 1/0
« Counters
— Frequency measurements
— Angular measurements from angular encoders

DAQ Device
Computer

— Connects to the bus of your computer

— Compatible with a variety of bus protocols
« PCI, PXI, CompactPCl, PCle, PXle, PCMCIA, USB
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PXI

« PXI| = PCI eXtensions for Instrumentation.

« PXlis a high-performance PC-based platform for
measurement and automation systems.

« PXIl was developed in 1997 and launched in 1998.

« Today, PXI is governed by the PXI Systems Alliance (PXISA), a
group of more than 70 companies chartered to promote the PXI
standard, ensure interoperability, and maintain the PXI
specification.
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PXI

« PXI systems are composed of three basic components:

— Chassis
— Controller ‘a;ﬂ;l—. =,

— Peripheral modules
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PXIl chassis

« The PXI chassis contains the backplane for the plug-in DAQ
cards

* The chassis provides power, cooling, and communication
buses for the PXI controller and modules.

« Chassis are available both with PCI and PCI Express
« 4 —18 slots chassis are common
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PXI controllers

ju |
LB
« PXI Embedded Controller l’al. m

« Laptop Control of PXI
— Using e.g. ExpressCard serial bus

« Desktop PC Control of PXI
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PXl-based DAQ systems

» The benefits of PXI-based data acquisition systems include
rugged packaging that can withstand the harsh conditions that
often exist in industrial applications.

« PXI systems also offer a modular architecture, which means
that you can fit several devices in the same space as a single
stand-alone instrument, and you have the ability to expand your

system far beyond the capacity of a desktop computer with a
PCI bus.
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PXI triggering and timing

* One of the key advantages of a PXI system is the integrated timing and
synchronization.

« The PXI chassis includes reference clocks, triggering buses and slot-to-
slot local bus.

— Any module in the system can set a trigger that can be seen from any
other module.

— The local bus provides a means to establish dedicated
communication between adjacent modules.

100 MHz
'*‘“"P'-‘.’f?‘?-'.’-'.?‘-'?_*- F-".-f‘-?-“*
PX Star © SYNC100
IPXiExpressy Trigger ’ ]

B
a
c=2
=X
[T
-

af- -
Bt -y

wi .
3

Timing
: Controller
[=]

FXle
System
Controller
PXle SLY
Hybrid
Peripheral =

I \

PXle
Peripheral

PXi-1
Peripheral

-
I

- Differantia Star b H
Triggers

B ——

e e e
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Device Drivers

In computing, a device driver or software driver is a computer
program allowing higher-level computer programs to interact
with a hardware device.

A driver typically communicates with the device through the
computer bus or communications subsystem to which the
hardware connects. When a calling program invokes a routine
In the driver, the driver issues commands to the device. Once
the device sends data back to the driver, the driver may invoke
routines in the original calling program. Drivers are hardware-
dependent and operating-system-specific.
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NI Instrument Drivers - IDNET

« All NI hardware is shipped with
LabVIEW driver software

« Driver upgrade to the latest ni.com/idnet
version available at www.ni.com

° Many ’[hird-party vendors also Shlp Instrument Driver Network

Instrument Driver Metwork makes available more than 8,000 drivers for instruments from over 275 third-party vendor

L bVI EW d - 'th th - Measurement Studio for Visual Studio.
a rlve rS WI e I r Looking for NI drivers such as NI-DAQmx, NI-488.2, NIIMAQ, etc.? Hardware drivers, firmware updates, and applic
Instruments

Measurement Studio) are available in MI Drivers and Updates. Visit NI Drivers and Updates for more options

Find an Instrument Driver
Browse All Drivers = Submit New Driver <o Request New Driver |, Request Support

Browse All Drivers

Search within results

»>

Manufacturer Interface Development Environment
A IEEE 488.2 (GFIB) LabVIEW

B-C usB LabVIEW Real-Time
D-E Ethernet LabWindows/CVI

F-H Serial IMeasurement Studio for
K LKl Wisual studio

L-M FXliCompactPCl Application Area

N-0 Rl Automation

P-Q WXINME RF

R-5 Other

Testand Measurement
e Technology


ni.com/idnet
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Every programmable test and
measurement instrument has a set of
commands that it understands. Typically, a
programmer’s manual that comes with the
Instrument documents these commands,
and it is up to you to find the commands
you need

Instrument drivers simplify this process by
abstracting the low-level commands for
each instrument and providing a familiar
API for all instruments. By using an
iInstrument driver, you can focus on the
application you are developing

Connect to any instrument using
LabVIEW instrument drivers

Ed

‘1

Instrument
Driver

LabVIEW

v1

Instrument

Commands
I*IDN?. MEASD

‘1

Bus
Communication

Protocol
{configure, read, trigger)

id

b e 00
R ——
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Using device drivers in LabVIEW

« The flow of an application typically starts with opening a connection
to the hardware, configuring hardware settings, reading and writing
measured data to and from the hardware, and finally closing the
connection to the hardware.

« Since most drivers follow this framework, learning a new driver is
relatively easy

e To “modes” to choose: m» Configure -r

— High-level, easy-to-understand
- 3 Agilent 34401 Read Single Measurement.yi Front Panel e E) e
operations (Plug and Play) B o v«,f‘»« T w == ==

— Lower-level operations required to ;"—"ﬂamw WM i
use more advanced features e QZ"JJ‘“L T H_@

Manual Resolution (5.5 Digits)
»

Function (0: DC Voltage)
Enable Auto Range (T: Enable)

Manual Range (1.00)
o
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“In Port” and “Out Port” in LabVIEW

« Use these Vs only for 16-bit I/O addresses

 These Vs are not available in Windows Vista or Windows
7/, because it allows read/write access to any I/O port on
the system, which is discouraged for security reasons.

 Solution: Use VISA ...

address data read

7
error in (no error) : error out

address
write value -

error in (no error) ==

error oukt
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VISA

* VISA = Virtual Instrument Software Architecture.
* NI-VISA is the NI implementation of the VISA standard.

 LabVIEW instrument drivers are based on the VISA standard,
which makes them bus- and platform-independent.

e Supports communication with instruments via:
— GPIB
— Serial
— Ethernet
— USB
— PXI
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NI-DAQmMX

— NI-DAQmx (multithreaded driver) software provides ease of
use, flexibility, and performance in multiple programming
environments

— Driver level software
« DLL that makes direct calls to your DAQ device

— Supports the following software:
NI LabVIEW

* NI LabWindows CVI o T U
LabVIEW LabWindows"/CVI C/C++ C# VB .NET
« C/C++
o NI-DAQmx Driver Software
C# ncludes MAX, Virtual Chanine nd DAQ Assestant
* Visual Basic .NET.

PCI | PClExpress PXlI | PXIExpress | USB @ Ethernet | Wireless

|ata Acquisition Buses
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NI Measurement & Automation H@

Explorer (MAX)

« All NI-DAQmx devices include MAX, a configuration and test utility
* You can use MAX to

Configure and test NI-DAQmx hardware with interactive test panels
Perform self-test sequences

Create simulated devices

Reference wiring diagrams and documentation

Save, import, and export configuration files

Create NI-DAQmx virtual channels that can be referenced in any
programming language

0“7511|-m Measurement & Automsation Explorer - _"._u
Flo [ Yew look ek
Configuration |

D Wy Syt

N Ot New

LT

National Instruments
Measurement & Automation Explorer

Scales

2 Catver
5 D Pescta Systems

BLWOEE FF =
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5

= 9 My Syskenm
+-[gl Data Meighborhood
= ﬁ" Devices and Interfaces
ﬂ NI LISE-32154 (BNC) "Desvl”
& Mebwork Devices
+- X1 PRI System (Unidentified)
+ y Serial & Paralel
+ 44 Scales
+ 63 Software
+-[f)l I¥1 Crivers
+ Q Rermate Systems

MAX Example

3] elr-1es H Test Panels, .. ESE 2Y|Ce mr_reale [ask,.. anrigure
X i self-Test | BEY | Reset Devi mif Create Task & Configure TEDS
Mame Walue

=] serial Mumber OxESOSAF

Test Panels : NI USB-9215A (BNC): “Dev1™

Input Configuration
Differential “

Amplitude vs, Samples Chart
10—

g -
0-
-5 -

-10-1
]

- Start Stop

Analog [nput
Channel Name Max Input Limit
Devl/fail w | 10
Mode Iin Input Limik
on Demand w | [-10

Fuake (Hz)
= 1000

Samples To Read
1000

FY
w

Auko-scale chart

Value |0

[

Help ] [ Cloze
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LabVIEW Express: DAQ assistant

Measurement IjC

Mathematics

Signal Processing
[aka Communicakion
Connectivity

SignalExpress

Select a V...
FPiaA Inkerface '

Create Mew Express Task...

NI-DAQ’ T

Exec Control | R DAQD Assistant INSTRUMENTS

Acquire Signals
Select the measurement type for the : = !

task.

Generate Signals

A task is a collection of one or more virtual
channels with timing, triggering., and other
properties.

To have multiple measurement types
within a single task, you must first create
the task with one measurement type. After
you create the task, click the Add
Channels button to add a new
measurement type to the task.

Cancel
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Create New Express Task...

-
NI-DAQ Ao
, INSTRUMENTS™
DAQ Assistant
i[E  Acquire Signals e
Select the measurement type for the : —
task. = Analog Input
A task is a collection of one or more virtual
channels with timing, triggering. and other [ Yoltage
properties.
Temperature <
To hawve multiple measurement types
within a single task, you must first create Skrain
the task with one measurement type. After
vou create the task, click the Add Current
Channels button to add a new
measurement type to the task. Resistance
Frequency Create New Express Task...

Position NI_DAQ"‘

Sound Pressure DAQ Assistant
Acceleration

Select the physical channel(s) to
Force add to the task.

If you have previcusly configured
Pressure global virtual channels of the
same measurement type as the
task, click the Virtual tab to add
TEII’E]LIE or copy global virtual channels to
the task. When you copy the
glebal virtual channel to the
task, it becomes a2 local virtusl
channel. When you add = global

. virtual channel to the task, the
Finish task uses the actual global
virtual channel, and any changes
to that glebal virtual channel are
reflected in the task.

oS - I ST I ST 1

< Back || Mest >

If you have TEDS configured,
click the TEDS tab to add TEDS
channels to the task.

For hardware that supports
multiple channels in a task, you
can select multiple channels to
add to = task =t the same time.

12

NATIONAL
INSTRUMENTS"™
W& Physical |
Supported Physical Channels
2. Devl (USE-92154 (BMCY) ~
al
aiz
a3
)

£Ckrl= or <Shift > click to select multiple channels,
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g o = + X
Undo  Redo Run Add Channels  Remove Channels
{ it Express Task |&,é Cannection Diagram |
1 —_
Fa0rn —
S00rn —
o 250m-
3
= 0-
[=18
£
=L -250m -
-500rm -
=750rm -
-1 _I | 1 1 | 1 | 1 1 | 1 | 1 | | 1 | 1 | 1 1
0 0 20 30 40 510 60 F0 0 &80 S0 100 110 120 130 140 150 1e0 170 180 190 200
Time
Display Type ukoScale f-#ds
Canfiguration | Triggering " Advanced Timing ” Logging |
skap (F) . Channel Settings
= a
DAQ Assistant @ . Detaiy . = thag—elﬂmt Setup
data Settings ‘ ﬁ Calibration |
i Yolkage_1
m Signal Input Range
Scaled Units
| wolks w
Iin -10
Terminal Configuration
Ciick the Addf Channels button | Differential |
[+ fo add mova channals fa Custom Scaling
the task. | <M Scale w | /@
w
Tirning Setkings
Acquisition Mode Samples ko Read Rate (Hz)
M Sarnples [»] 1k | | 1k
1 Sample (On Demand)
— 1 3ample (Hw Tirmed)
4 M Samples
Continuous Samples
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LabVIEW - Sequential DAQ design

 Configure

» Acquire data

* Analyze data
* Visualize data
- Store data

Initialization code goes he’re' . ‘Main loop does ‘Shutdown code goes here
e Openfiles ' L _ the real work _* Close files

« Tum off or clear 1/O

Shut-
down

_ <iniflalizello
. Manage confnguratlon mfo

AMALY ZE}-

ACAUIA

T nk
| vy | I S H

Interval

Figure 3.25 Dataflow instead of Sequence structure enhances readability. It has the same func
tionality as Figure 3.24. Note that the connections between tasks (subVIs) are not optional: they
force the order of execution.
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LabVIEW: Low-speed DAQ

« DAQ assistant Express VI used in the block diagram

« Data written to file using the Write to Measurement File
Express Vi

Wrike To
DA Assistant Measurement File

daka ' Sig\qals
S

S
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Using the NI-DAQmx API

« Create virtual channels programmatically

« Use graphical functions and structures to specify timing, triggering, and
synchronization parameters

DAQmx Create

physical charnets Virtual Channel.vi

name to assign j v Mdoglnptt b v voltage
Analog Output B Voltage RMS

Digital Input Temperature b Thermacouple
Digital Output Current RTD .
Counter Input. p - Currenk RMS Thermistor P Current ExcRation
Counter Oukput B Resistance | Yoltage Exciabon
Strain 4 %
Frequency 4 yata = ™3
Postion b
Accelerabion » 1} l Q.,Search' oz View™ ‘
Sound Pressure B
Mors » w_",":" ﬁ
TEDS ’ | iuh (%=

B . I
r@"r"ﬁr‘mr{?

=€ 1=€] I=€] [=€]
SlCe & |2
g= b

ib] ps:"'v

ag’
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[

DAC) A:
da

v T T T

B

k!
Yisible Tkems

Help

Description and Tip...
Breakpoint

DAQ Assistant -> standard Vls

DM - Data Acquisition Palethe

Replace
Cpen Front Panel

Size To Text
View As Ieon

Properties

10

data

k]

B g

)

number of samples
1000

Analog 10 Wim _
MChan M3amp

input terminal configuration

[input terminal configur ation

|DiFFerentiaI M
rminirun salue
-5, 00E40 ]
mazzimum value
5,00E4-0

|DiFFerentiaI M
rminiriunm v alue
-10,00E4+0 |

mazzimum value number of samples
10,00E+0 1000 |

auto cleany - -
H hiysical channel hiysical channel sample mode m
- - . task out
Devwl/ail ""E Dewvllail ""'i |C0nt|nu0us Samples | —
eLr-?r in| [ o # w error out
Fau kel

channel name
Wolkage 0

units

| Aunn | Aunn
a1 \u'oltage_'" a1 \u'oltage_'" Sample Clock o

rake
1000,00

channel name
Wolkage 1

Wolks )

custom scale name

uniks
Wolks )

custom scale name
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LabVIEW: Medium-speed DAQ

 Example: Cont Acqg&Graph Voltage -To File (Binary).vi
« Standard VIs used, and data written to a binary file

Create file Create
header
file path {(dialog if empky)
Close file
0l ® Dx -
|
Mininurn Yalue '-:
- Samples to Read
132 stop i
Mazximum Yalue Rate (Hz) — ) E |ok message + warnings |
¥ ¥ |Continuous Samples | 10.00 L
Phwsical Channel : .
[T JIT b & &
A T s AL ﬂ {7
Al Voltage ~ Sample Clock = Analog 20 132 =X,
MChan MN3amp
Create Set Start Read data Slos
analog sample acquisition SIS
input rate

channel
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ransferring Data from DAQ-card to
System Memory

« The transfer of acquired data from the hardware to system
memory follows these steps:

— Acquired data is stored in the hardware's first-in first-out (FIFO)
buffer.

— Data is transferred from the FIFO buffer to system memory using
interrupts or DMA.

— The samples are transferred to system memory via the system bus
(PCI/PCle).

Controller\ (Chassis

RAM

S PXI
Slots

Southbri e
(VQ Control

(PCI Bus)

A
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Interrupts

The slowest method to move acquired data to system memory
Is for the DAQ-card to generate an interrupt request (IRQ).
signal. This signal can be generated when one sample is
acquired or when multiple samples are acquired. The process
of transferring data to system memory via interrupts is given
below:

— When data is ready for transfer, the CPU stops whatever it is doing

and runs a special interrupt handler routine that saves the current
machine registers, and then sets them to access the board.

— The data is extracted from the board and placed into system
memory.

— The saved machine registers are restored, and the CPU returns to
the original interrupted process.

The actual data move is fairly quick, but there is a lot of
overhead time spent saving, setting up, and restoring the

register information.



UiO ¢ University of Oslo

DMA introduction

* Direct memory access (DMA) is a system whereby
samples are automatically stored in system memory
while the processor (CPU) does something else.

« A computer usually supports several different DMA
channels.




DMA Ackmow eclge
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DMA (direct memory access) | | h 4

« DMA permits peripherals, such as a DAQ-card, to transfer data
directly to or from memory without having each byte handled by
the processor (CPU). Thus DMA enables more efficient use of
Interrupts, and increases data throughput.

* The process of transferring data via DMA is given below:

— When data is ready for transfer, the DAQ-card notifies the
DMA controller.

— The DMA controller then asserts a DMA request signal to
the CPU, asking its permission to use the bus (data bus,
address bus, control bus).

— The CPU completes its current bus activity, stops driving the
bus, and returns a DMA acknowledge signal to the DMA
controller.

— The DMA controller then reads and writes one or more
memory bytes, driving the address, data, and control signals
as if it were itself the CPU.

DMA Intro



http://www.eetimes.com/discussion/beginner-s-corner/4024879/Introduction-to-direct-memory-access/
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DMA (direct memory access) ll

— When the transfer is complete, the DMA controller stops
driving the bus and deasserts the DMA request signal. The
CPU can then remove its DMA acknowledge signal and
resume control of the bus.

— In single-cycle mode, the DMA controller gives up the bus
after each transfer. This minimizes the amount of time that
the DMA controller keeps the processor off of the memory
bus, but it requires that the bus request/acknowledge
sequence be performed for every transfer. This overhead
can result in a drop in overall system throughput if a lot of
data needs to be transferred.

— In burst mode, the DMA controller keeps control of the bus
until all the data buffered by the requesting device has been
transferred to memory (or when the output device buffer is
full, if writing to a peripheral).
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LabVIEW DAQ - hardware setup

* When the sample clock (DAQmx Timing.vi) is Rats (H)

configured, DAQmx configures the board for V- [Eontiros Samgles =]
hardwared-timed I/O :

— DAQ card sample clock or external sample clock :
- - : - Sample Clock. = |
« By enabling continuous sampling DAQmx - . :

automatically sets up a circular buffer
a Q buffer
DMA transfer

« DMA is the default method of data transfer for
Data acquisition card l RAM (in the PC)

DAQ devices that support DMA
Data > ||ADC |=—> FIFO Data > PC \ | Application
| buffer buffer memory

From sensor sclk To PC buffer

elease
dddddd
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DAQ data overwrite and overflow

An overwrite error indicates that information is lost and occurs
when the software program does not read data from the PC
buffer quickly enough. Samples that are written to the circular
PC buffer are overwritten before they are read into the
application memory.

— Solution: use Producer-Consumer architecture.

An overflow error indicate that information has been lost
earlier in the data acquisition process. Overflow errors indicate
that the First In First Out (FIFO) memory buffer onboard the
data acquisition card has reached its maximum capacity for
storing acquired samples and can no longer accept new
samples. An overflow error is symptomatic of a bus transfer
rate that falls short of the requested data input rate.

— Solution: use a Direct Memory Access (DMA) transfer mechanism.



viozuniersityofosio L1\ |s Buffer Size Determined in

LabVIEW DAQmx ?

If the acquisition is continuous (sample mode in DAQmXx Timing.vi
set to Continuous Samples), NI-DAQmx allocates a PC buffer equal
In size to the value of the samples per channel (gives the number
of samples to acquire) property, unless that value is less than the
value listed in the following table. If the value of the samples per
channel property is less than the value in the table below, NI-
DAQmXx uses the value in the table.

Sample Rate PC Buffer Size
No rate specified 10 kS

0-100 S/s 1 kS
101-10,000 S/s 10 kS
10,001-1,000,000 S/s 100 kS
>1,000,000 S/s 1 MS

You can override the default buffer size using the function DAQmx
Configure Input Buffer.vi
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Solve the DAQ related

H | g h -S peed DAQ / gre())(?lselrigse!listed on the

« Based on the producer-consumer architecture
« See the high-speed streaming lecture for more information!

Hardware timing, since no Wait
function is used in the producer
loop. The producer loop rate is
given by the DAQ-card setup

Producer loop

NI- Scope
Acquire
(Digitizer) =@

Enqueue Element

sample rate (Hz)
DAQ card buffer size

producer =

Dequeue Element Wirite to Disk
i

Consumer loop
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Common Pitfalls of Data Communication

Race conditions- two requests made to the same shared resource

Deadlock- two or more depended processes are waiting for each
other to release the same resource

Data loss- gaps or discontinuities when transferring data

Performance degradation- poor processing speed due to
dependencies on shared resources

Buffer overflows- writing to a buffer faster than it is read from the
buffer

Stale data- reading the same data point more than once

‘7 NATIONAL
p¥ INSTRUMENTS
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Timed Loop Il

* 1 kHz internal clock (Windows)
1 MHz internal clock (for RT-targets)
« External timing source capability (using DAQmx Create Timing Source.vi)

« A Timed Loop gives you:

precise timing

feedback on loop execution

timing characteristics that can change dynamically

possibility to start the loop at a precise time each day (using a time stamp)
phase (offset) control

possibility to specifies the processor you want to handle execution
execution priority

precise determinism in a real-time operating system

 When Timed Loops as used on Windows (no RTOS) the OS can preempt
your structure at any time to let a low-priority task run (based on
“fairness”
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Execution priority

« While loops run at normal priority, and timed structures run between
time-critical priority and above high priority.

« Therefore if you would like to have control of the priority of each

aspect of your application, simply use timed structures, and set the

priority between them using the priority input

File - VI Properties»Execution:

) ms

pEwr|lkHz |

bz

[ﬂ ¥IProperties

Category

Priority

./ backaround priorky (lowest)

abowe normal priority

high priority

time critical pricrity (highest)
subrouting

Execu

kion e

Preferred Execution System
same as caller w
[#] Enable automatic error handling
[ Run when opaned
[[] suspend when called
[[] Clear indicators when called
Auto handle menus at launch

Lok J[ comcel J

Help
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Software Timing

Attempts to resolve milliseconds on a PC within the limitations of the
operating system (such as Windows)

If you need better resolution or accuracy (determinism) you have to use
a hardware solution (“software in the loop” degrades precision)
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Hardware Timing

* Necessary for high-resolution and high-accuracy timing
— e.g. for data correlation
« Hardware timing can give ns to us accuracy (recall that
software timing gives accuracy in the ms range)
 Using GPS you can get atime uncertainty in the range of
10 -100 ns

« Ordinary DAQ-cards includes a stable crystal oscillator (for the
ADC) that gives a resolution of us or better, and this can be
used for timing
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Triggering

A trigger is a signal that causes a device to perform an action,
such as starting an acquisition. You can program your DAQ
device to generate triggers on any of the following:

— a software command

— a condition on an external digital signal
— a condition on an external analog signal

« E.g. level triggering

5V
Digital Trigger
T ov

Falling edge initiates acquisition

Figure 13-1. Falling-Edge Trigger

Analog Comparison Event

L

Figure 13-4. Above-Level Analog Triggering Mode
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Time stamping of data

Often need to timestamp an image in a video stream or a block
of data from a DAQ-card to GPS (UTC) time; e.g. for use in
data fusion in post-analysis.

If the data samples has a deterministic (regular) interval, such
as samples from a DAQ-card, it is sufficient to time stamp the
first sample/sample batch.

— The time of the remaining samples are found from

t=1t0+ At

Ao L
‘s

If the data samples are not deterministic (regular), e.g. video

frames from a camera, each data point/video frame must

include a timestamp
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Signal based vs. time-based
synchronization

« Signal-based synchronization involves sharing signals such
as clocks and triggers directly (wires) between nodes that need
to be synchronized.

 Time-based synchronization involves nodes independently
synchronizing their individual clocks based on some time
source, or time reference.

 There are advantages and disadvantages to both methods of
device synchronlzatlon. Synchronization Technologies

10'2s | On.
Ch;
/2]

X/ Mulncha

‘

Signal Based

Svynchronization Basics

<10%m 10%m  10°m 10'm 102m 10°m  10¢m 10°m Global

Proximity


http://zone.ni.com/devzone/cda/tut/p/id/9652
http://zone.ni.com/devzone/cda/tut/p/id/9652
http://zone.ni.com/devzone/cda/tut/p/id/9652
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Signal-based synchronization

* In systems where the devices are near each other, sharing a
common timing signal is generally the easiest and most
accurate method of synchronization.

« For example, modular instruments in a PXI chassis all share a
common 10 MHz clock signal from the PXI backplane, enabling
synchronization to less than 1 ns.

« To accurately use a common timing signal, a device must be
calibrated to account for the signal propagation delay from the
timing source to the device

L L L L Master

7] Derved Clock 1 Trigger

02

ﬁ 0= .

Slaves

Refer k Derived Clock 2 ‘ Clock

‘Ol [ [ e
LAt 2 s "ty 2 2 Yy
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Time-based synchronization

» Necessary for long distances

« Because of the inherent instabilities in (crystal oscillator) clocks,
distributed clocks must be synchronized continually to a time
refererence to match each other in frequency and phase.

 Time references: PPN Trigger

Pl g | T4
— GPS Master -( o IRIG-B ' . e‘_
— IEEE 1588 masters [ s\ J— B
— |RIG-B sources N

Slaves

Clock

Time-Referencing
Protocols

« By connecting a GPS with NTP-
server to a LAN the computers
can synchronize their clocks e e 4
within_ms using standard
Ethernet connections What is NTP?

GPS with NTP-server and IRIG-B output

Timing and Synchronization

IRIG = Inter Range Instrumentation Group
Systems :
NTP = Network Time Protocol


http://www.ntp.org/ntpfaq/NTP-s-def.htm
http://zone.ni.com/devzone/cda/tut/p/id/9882
http://zone.ni.com/devzone/cda/tut/p/id/9882
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|IEEE 1588 Protocol

« Gives sub-microsecond synchronization in distributed systems

« |EEE 1588 provides a standard protocol for synchronizing
clocks connected via a multicast capable network, such as
Ethernet.

— uses a protocol known as the precision time protocol (PTP).

« All participating clocks in the network are synchronized to the
highest quality clock in the network.

« The highest ranking clock is called the grandmaster clock, and
synchronizes all other slave clocks.

« The level of precision achievable using the PTP protocol
depends heavily on the jitter (the variation in latency) present in
the underlying network topology.

— Point-to-point connections provide the highest precision.
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GPS & |IEEE 1588 used for time
synchronization of multiple PCs

Computer with

8
IEEE 1588 card
I
-

Slave clock

Computer with

Ethernet IEEE 1588 card
_
e GPS with IEEE 1588 Switch <
output \:: Slave clock
or S

e PC with GPS card and
IEEE 1588 output

or

e PC with IRIG-B input
(from a GPS) and IEEE
1588 output
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Synchronization Technologies

Precision
10-'?s

10%s
10°%s
10%s

second

<10¢%m 102m  10°m 10'm 10°m  10°m
Proximity
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Time-based synchronization in LabVIEW

« Install the NI-Sync drivers
« Example: Time Reference (e.g. IEEE 1588, GPS or IRIG-B)

S " e Crdirary ChocH!, Dok = 1ar: Tora @_@
s i £ Poaarms
-

- e e T
1] I N— Y (] e ey ey oy | L jﬂ_-...-@

| 1588 Cvdirary Ciock. = Ood: Raschban

@ 1z T Rebarence Frasant H
ﬂl Py S————

nisync Close-

Ik A maohy Hon [
Hoeek frewn T e Brte 1 —
T Readvaresmis

[]
‘ o niSyne Get Time Reference niSync Get Time L
niSync Initialize [tk Froan Tiree A rence ire)|
Fle=]
wa Faltmrarce .
o) T
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Example — DAQ reference design for
LabVIEW

[Handle GUI Events|

C m
(b it Message Processor| \

: - _» Display Window
ata Acguigition

Ln:u qing [ ata
[l
Legend
Commands via AMC —
Time domain data via queue sssmms
Time domain data via notifier == === http://zone.ni.com/devzone/

cda/tut/p/id/11805
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Postrun analysis / Quicklook tool

« Usually not sufficient to only look at the data in “real-time” (live)

« Usually very important to look at the data (perform a playback)
as soon as possible after a data acquisition

— E.g. to check the quality of the data

« Itis very useful to have the Quicklook (playback) and analysis
functions integrated in the data acquisition program!

« |t should also be possible to read the measurement data by
other common post-analysis tools (like Matlab)
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Example: VISION

« Example: Configuration of a GigE
Vision camera
« Use MAX and the camera manual
to find the commands to configure
the camera

|“ Caontraller "I

YIS camera

die=l

o=t IMAGd: §

n = IMAgd: §

n = IMacdx

&=t IMAGdx )

=ﬂ ITriggerSDurce ["""‘

ko ckivedtbribute

F Yaluestring

Line1

Linel = external trigger
Freerun = sw krigger

ko chivedtkribuke
b WalueSkring

Eli

conkinuous

ko chivedtkribute
b valueDEBL

Fackivedtkribute

P ValueDBL

lE:posureTimeabs

|

LineInl

N =t IMAGd: L7

Fackivedtkribute

F Waluestring

SyncOukSource
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Vision time stamping example

Question: How to accurately time
GE680C — Visual camera (205 fps) stamp each image from a camera to
GPS time, without any delay added
from the software loop?

Possible configurations of sync out:

Exposing Corresponds to when camera 1s

integrating light.

Trigger Ready Indicates when the camera will accept a
trigger signal.

Trigger Input A relay of the trigger nput signal used
to “daisy chain” the trigger signal for
multiple cameras.

Loop time stamp is
Valid when camera is reading out data. not equal to image

sample time!
Strobe Programmable pulse based on one of the Image ref. - P

above events. Rt

Imaging Valid when camera 1s exposing or
reading out.

GPO User programmable binary output.




Trigger Timing Diagram

Readout Time

< »| Trigger < >
Latency
Tpd e
Expose Start [¢ e > Registered
4 Delay 4 Exposure Time

User Trigger

Logic Trigger

1
Trigger q) \
Jitter

P e i LA I

Trigger Ready

Imaging

|

Can timestamp the rising edge of Trigger latency™ 1.2us
the signal using e.g. the NI PX| 6682

Trigger Jitter™ +10ns
card (GPS, IEEE 1588 and IRIG-B)

Tpd* 90ns



