. esson 5

You Will Learn:

A. About plug-in data acquisition (DAQ)
boards

. About the organization of the DAQ VIs
. How to perform a single analog input

. About the DAQ Wizards

. About wavefor m analog input

B

C
D
E
F
G
|

ow to write waveformsto file
ow to output an analog signal
Oow to use counter/timers



The fundamental task of all measurement systems is the measurement
and/or generation of real-world physical signals. Measurement devices

help you and the measurements you take.
We acquire and convert physical signals, such as s
voltage, current, pressure, and temperature, into digital formats |
and transfer them into the computer.
Popular methods for acquiring data: plug-in
DAQ and instrument devices, GPIB instruments, PX1 (PCI
eXtensions for Instrumentation) instruments, and RS-232

Instruments. ..
e Data acquisition (DAQ)
library supports all DAQ
boards

e LabVIEW uses the NI-DAQ
driver-level software
e DAQ boards for
—Analog I/O
—Digital I/0
— Counter/timer /O
e Data acquisition system
components




DAQ Software Architecture
— Windows

Windows Device Manager | LabVIEW for Windo

DAQ Library Vs

&

Measuremgnt
& Automation nidag32.dll for

NI-DAQ Driver
Software

!
|

Windows Registry

Enelog Input




DAQ Hardware Configuration

« Measurement & Automation Explorer (MAX) by selecting
Tools>>Masurement & Automation Explorer...in LabVIEW

N =]ES
File Edit ¥iew Tools Help
Configuration E"Properties. . #  Bchow Help
5 g My Bysten . Mamme I Yalle
5} Sl Dats Neighborkiond T serial riumber D=BA3S06
1 (& Devices and Tnkerfaves FYsocket mumber it
%l + LF Tradtional MI-D&Q Devices -EBUS Noribe Dx2
= (o RI-eA e Thevices B Memory Range 1 DxFE1IEFO00 - MxFELE
> B [\}3 B Memory Rarge 2 D<FE1EED00 - OxFELE
. g + ERAL L {(Unidentified) I iR Level Dx12
V | a/v + _jf Ports (Serial & Paralel)
. 1l h Historical Data
Configure « @ ks
# [@ Foftware
and Test e
* @ Femote Syshems
< _ 2
m Atributes ‘ﬂ De-lfilce.F.i.lJutng ‘:%l Calibration |




Hardware Connections
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Hardware Connections

ACH2

ACH1
AlGND
ACH1O
ACH3
AIGND
ACH4
AIGND
ACH13
ACHs
AlGND
ACH15
DACOQUT!
DACTCUT!
EXTREF3
D4

DGMD

[w][w}]

DIoe

DGMD

+8V

DGMD

DGHD
FFIVTRIGA
FFN/TRIGZ
DGMD

+EV

DGMND
FFIE/UFDATE"
FFIEAWFTRIG
DGND
PFIQ/GPCTRO GATE
GPCTRO OUT
FREQ CQUT

1 No connect on the DAQCard-Al-16E-4, DACQCard-Al-16XE-50, NI PCI-8023E, NI PCI-6032E,

NI PCI-8033E, and NI PCHE034E
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ACHO

AIGMND

ACHS

ACHZ2

AIGMD

ACHI

AISENSE

ACHi2

ACHE

AIGND

ACH14

ACHT

AIGMD

AQGMNDE

AQGNDE

DGMND

DIc0

DIoE

DGND

DIC2

DIo7

[B][@k]

SCANCLK
EXTSTROBE"
DGND
PRIZICONVERT®
PFIZ/GPCTR1 SOURCE
PFI4GPCTR1 GATE
GPCTR1 _OUT
DGHD
PFIT/STARTSC AN
PFIZ/GPCTRO SCOURCE
DGHND

DGND

2 Mo connect on the DAQCard- Al-16E-4 and DACQCard-Al-16XE-50

3 Mo connect on the DAQCard-AI-16E-4, DAQCard-Al-16XE-50, DAQCard-8024E, NI PCI-8023E,
NI PC-6024E, NI PXI-6030E, MI FXI-6031E, NI PCI-8032E, NI PCI-6033E, MI PTI-G034E,

MI PCI-E035E, NI PCI-8036E, PCI-MIO-16XE-10, and PCI-MIO-18XE-E0

Figure 1-4. SCE-68 E Series 1/0 Connector Pinout (Full)

Note:
The channels available depends
on the DAQ card we use.

For instance,
DAQCard-Al-16E-4 NI |ent to
us, there is no output channels
available

Let’s configure the Card with
Measurement & Automation
Explorer



In Analytical Instrumentation,
we convert physical phenomenainto data,

using a to convert a
physical phenomenon into an electrical
Phenomena Transducer
Temperature Thermocouples
Resistance temperature detectors (RTDs)
Thermistors
Integrated circuit sensors
Light Vacuum tube photosensors
Photoconductive cells
Sound Microphones

Force and pressure

Strain gages
Piezoelectric transducers
Load cells

Position
(displacement)

Potentiometers

Linear voltage differential
transformers (LVDT)
Optical encoders

Fluid flow

Head meters
Rotational flowmeters
Ultrasonic flowmelters

pH

pH electrodes

Summary of signal sources and

masurement systems

Signal Source Type

Floating Signhal Sounce
(Not Connected to Building Ground)

Grounded Signal Source

Examples

= Ungrounded Thermocouples

Inpust = Signal Condifioning with
Isctated Cutpuis

= Baitery Devices

Examples
= Plug-in Instruments with
Monisolated Gutputs

ACHI
@_
Y L ACHE

Difterenti=l
(DFF)
WOT RECOMMENDED
ACH I‘:— ACH ';
TV AISND K’{" vy
Singlle-Ended — T : G ;,..f" — L, &
GErourel I + Vg -
Feferanced
RRE) RIfEND
i

Ground-otp ksses, Vo afa added 1o

Single-Ended —
Menreferenced
[MRSE}

See text for mformation on bias resistors,

measured signal.
{E)% l AISENZE -~
R =




There are two types of voltage: direct current (DC) and alternating
current(AC). DC signals are analog signals that slowly vary with time.
Common DC signals include voltage, temperature, pressure, and strain.
AC signals are alternating analog signals that continuously increase,

decrease, and reverse polarity on a repetitive basis.
However, any physical signalswill be converted into almost two

types of measurement by transducers: voltage and counting.

Transducer

Analog-to-Digital
Conversion

. b | ey

Softvwware Signal

Conditionin [s | DC Measurement

Rl LhL

Aoreracingg
{Labk W ITEWW W)

=1 e

Wiind Speaed

Counter
Starts

|

- -t ; >t it - 8
Initial Low High Low High Low
Delay Time Time Time Time Time




« Analog I nput NI-DAQ

o
e Analog Output Traditional
. NI-DAQ
 Digital I/0
o
e Counter
 Calibration and A. labVIEW Traditional NI-DAQ
Configuration
e Signal Conditioning
r‘AI_EI H Fl ‘
h:1-
NG L] D ata Acquizition
NI-DAQ contains two data % ; SR
acquisition diivers—Tradidonal ] (2, M2, HE HEe !
MNIDAG and NIEDAGMe--each B &) [7,] [" ] [ nnd| [&nn]
with its own application i 5 VEmm)
programming Interface (AR, e,
hardware configuration, and e |
softwars configuration, tﬂ




Analog Input VI Organlzatlon

II} Analog Input

fl Al fl Al

— > HULT FT HULTFT OME FT OME FT
Easy I/O Vis || R 3|

Ll Al
) corie|| sTART || READ ||s-2can || cLERR
Intermediate ViIs— avxic | | BV e Y PN ]| E Wl

UTIL A0
Utility VIs g E"“E Advanced Vls

 Single-point Vis

device Al device Al
channel [0) =70 sample channels (0] ~"lyy === samples
high lirnit [0.0] — il high limit [0.0] — ——=2
lowa Birnit (0.0] — lowe hirit [10.101]
Al Sample Channel.vi Al Sample Channels.vi

10



DAQ Channdl Name Control
e Datatypeusedto

_ communicate with
= |80 | DAQ boards

lil1 2 k - - B

__@a:;m - * Enter channel
IS, ¥ names by number
om0 0170

F_. or by virtual
- I‘v‘ﬁﬁﬂ g channel name

o [ defined in MAX

DAL Channel Name

temp i

chanl
chanz

L e | "




DAQ Wizards

« DAQ Channel Wizard
« DAQ Solution Wizard

=2 . Welcome to the Comman Solutions Gallery.
.\l Solution

Select one of the application categaries to view a list of comman salutions.
H Open any selected application by double clicking on the common salution,

Wizard hen any PRication by .
Gallery Categaries

Common Salutions

ar by zelecting it and clicking the Mest buttan.
Tranzducer Meazurements -

Bench-Top [nstruments

1 Channel Dscillozcope &

2 Channel Deciloscope
Crigital kMulbirmeter
Function Generatar

Arhbitrary W aveform Generatar

YWoltage & Current bMeasurement
Drata Logging
Contral dpplications

L

i Spectrum Analyzer
— Applization Salution Description
& zimple 2 channel ozcillozcope with features such az tiggerning. -
w
¢ Back MHext = Cancel

12



Waveform Analog | nput

« Al Acquire Waveform

* VI displays a dialog box if an error occurs

device

LJronnna HULT FT

channel [0] B !

riumber of zamples
zample rate (1000 zampleszec)
high lirmit [0.0)

ek IO T
Ly lirrit [0L0]

Al

Al Acquire Waveform_vi

wiaveform

* Vlreturns a waveform datatype

@
s

Wavelorm

forae| el vie] || 7

=i

W arvetorm
11} Y |§ 0
40500:00 PM | =00
v 12/31/03 : o0
= 2000
|3 0.000000 =000
000

Anal og-Pertaining to or being a device or signal having the propeyty of
continuoudly varying in strength or quantity, such as voltage or audio.



DAQ — Data Acquisition

Let's do Simple Acquisition Example Test.vi Clicktosee

Two parameters
e Device=1
e Channel=0

with
SCB-68

channels [ﬂ}|

Al
1] 3]¥l HULTFT

i"u_._
T/n i'""":

millisecond for one iteration
connection board
]




In Analytical Instrumentation,
we convert physical phenomenainto data,

using a to convert a
physical phenomenon into an electrical
Phenomena Transducer
Temperature Thermocouples
Resistance temperature detectors (RTDs)
Thermistors
Integrated circuit sensors
Light Vacuum tube photosensors
Photoconductive cells
Sound Microphones

Force and pressure

Strain gages
Piezoelectric transducers
Load cells

Position
(displacement)

Potentiometers

Linear voltage differential
transformers (LVDT)
Optical encoders

Fluid flow

Head meters
Rotational flowmeters
Ultrasonic flowmelters

pH

pH electrodes

Summary of signal sources and

masurement systems

Signal Source Type

Floating Signhal Sounce
(Not Connected to Building Ground)

Grounded Signal Source

Examples

= Ungrounded Thermocouples

Inpust = Signal Condifioning with
Isctated Cutpuis

= Baitery Devices

Examples
= Plug-in Instruments with
Monisolated Gutputs

ACHI
@_
Y L ACHE

Difterenti=l
(DFF)
WOT RECOMMENDED
ACH I‘:— ACH ';
TV AISND K’{" vy
Singlle-Ended — T : G ;,..f" — L, &
GErourel I + Vg -
Feferanced
RRE) RIfEND
i

Ground-otp ksses, Vo afa added 1o

Single-Ended —
Menreferenced
[MRSE}

See text for mformation on bias resistors,

measured signal.
{E)% l AISENZE -~
R =




DAQ — Data Acquisition
Simple Acquisition Example Test.vi

We can try different input modes

Two parameters  Single ended
« Device = 1 Differential by configuring anc

the Switch Applicable Signals
— Single-ended analog input®
e Channel=0 ‘ ‘
Temperature Sensor
SE 54 83

with
SCB-68

Differential analog input

-=
w Z
Gz
II oo
Qo
r"j
23
=51
'. =8
)| 7
Tz
o5
ElQ
oy oW
P =

connection bOard




Writing Waveform Datato File

« Waveform Filel/O
subpalette of the
Waveform palette

e R « ThreeVIsfor writing
B || waveform datatofile
E'"E Eﬁ but WriteTo

Y| — , Spreadsneet Filevi is
: ﬁ the most important

T @ '
a I cumeesmienesa - EN@ole Indexing
.

Printed on 2/7/2004 at 5:29 PM

Format (%, 3F) we

file path (dialog if empty]) meeesee
20 data =

10 data —'_

append to File? (new fileF) - i

transpose? {na:F) —-es s

Waveform Chart

------ = e file path (ot A Path i,

12 5

T

Write To Spreadsheet File.vi

Corverts & 2D or 1D array of singe-precision {5GL) numbers to a bext skring and
writes the skring to a new byte stream file or appends Ehe skring to an existing File, '




Resolution - Determines How Many
Different Voltage Changes Can Be
Measured

— Larger Resolution = More Precise
Representation of Signal

Range - Minimum and Maximum V oltages

— Smaller range = More Precise Representation
of Signal

Gain - Amplifies or Attenuates Signal for
Best Fit in Range

Quiz - what’ s the resolution with a 16 bits
board intherange of =12 V?

18



Analog Output Vis
e Single-point VI

device Rl
chantel [1] =~ B .o
walle ==

Al Update Channel.vi

Ao
device o

channel (0]~ B,
update rate [1000 updates/zec) — fFri=——-
waveform =

Al Generate Waveform.vi



Digital Input and Output VIs

e Line=single TTL signal

pork width_[E] —

DIG
device bLe

digital channel ~""g—
ine — —'_
|||"|E State ..................... ;
ikeration [0:inibialize]

Write to Digital Line._vi

port width [8] —

i nIG
device bIe

digital channel -~ k=g

ine —

iteration [O:initialize]

............ |"-|E EtatE

Read from Digital Line.vi

e Port = collection of lines (4 or 8)

port width [B] ———

device
digital channel -~ =

pattern —

iteration [:nibialize)

Write to Digital Port _vi

part width [3] —

device

digital channel ="

0DIG
FORT

B

pattert

iteration [D:initialize]

Head from Digital Port_vi

20



cCounters

A counter isadigital timing device.
Typically used for:

event counting for PMT, EMT
frequency measur ement
= Counter

neriod measur ement [efaf=] |

nosition measur ement

= |PLLSE q-HII-:I?ﬁ_F rg%‘% ‘Im'
' SEEE | el e i ]

nulse generation S et e =
4 4




cCounters

<=1 Functions

[T
Rlead

i

Waveform Chart|

millisecond multiple

| b
'I?'I_?_ == Data Acquisition | —
) | counter | T
By B, "8, HE. ¥
: Waweorin Chart _#eto [0

- E <=1 Courter 1

@ = E'n- HE B T i
= i ~ il '

Tiew




oot Pond Counters-pul se generation

1. Find the VI from
Help»Find
Examples...»Search

2. Type in “counter” and
sear ch

3. Choose Gener ate
Pulse Train (DAQ-
STC).vi

r
device

Block Diagram

Gate controls are located
off the the left of the frant False
control panel

Internal
timebase Case

freq/duty—]

cation




B. LabVIEW NI-DAQmXx
NI-DAQ

Traditional

NI-DAQ

7| A

el NI Measurements

NI-DAGmX

MI-DAGIMY 1S the |atest MEDAQ
driver with new Vis, functions
and developmenttools for
controlling measursmesnt
devices. The advantages of
MI-DAaGmx include the DAG
Assistant far configuring
channels and measurement
tasks for a device; increasead
perrormance, including raster
single=point analog O and
multithreading; and a simpler
APIfor erzating DAQ
applications using fewer
functions and Vis than earlier
versions of MI-DAG,

24




DAQ VI Organization in LabVIEW software

B. LabVIEW NI-DAQMX H

%

3

DAL Asgistant
B Untitled 1 Block Diagram ™

File Edit dperate Took Bromse Window Help

Salect the measursment tppe for yaur

5181 Bl [ wmren Al f | =

@

A0 sesstant

Click

mmmatnlwhmﬁmwuih

218 0] (5 ol ] [ Aesientert (Bl 5] (5]

& Croata How. .

NI-DAQ
DAD Amsistoni
lJ Se-l.elct the F=esursmenctype fo- your

AR

Oy Aasictart Callackor Hadstics
Axa b rrr— i:l‘lﬂ! __________ f_lill._ﬂf ______ :&'GIEE-

,,,,,,,,,,,,,,,, B ] Collected Scrials sped | Arkbewkc Mo s

.....




DAQ VI Organization in LabVIEW software
B. LabVIEW NI-DAQmX

o '.- Wﬁm
- r 0 L]
| NI-DAQU P E NI-DAQ -
[ ey = DD At Bl Towwrt Uil s Tavak |
Bk vt i L R T B TR A . ks (==l =" [ —
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Vol i i S a5 il B P s e Il Rarsr
dhawahi i g chucinla : 1
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HRA g Ba bE el & aay Lk o £S5 Doyl CT. OO i N
eppleatar, e con anlp add chtal I, -
chia T BT T i} - -
LT T st i Tasd Tewry .h. Tk Triggey
Fard & C st e o 0 This ke Y ; .
Tadid v g thaimb L s Talcls -
tharrely, Youp can grh mdek rpglps S | Sanis
charraly s the 1 devics : s F ,-g o T B
& Tl Con ety 10 A | s e
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|
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¢
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* I—EEH‘.‘--- — —_— =
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DAQ VI Organization in LabVIEW software
B. LabVIEW NI-DAQmX 3

| NEoAQ W E N1DAQ

Swc Tep e

Rkl e By ' @A i e Srdor & rosrwe fer vour szsle
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# Lmwar—Scale rabini b owig s
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Counter
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 Usethe Measurement & Automation Explorer to
configure DAQ boards and virtual channels

* DAQ VlIsorganized into six subpalettes— Analog
| nput, Analog Output, Digital 1/0O, Counter,
Configuration and Calibration, and Signal
Conditioning

e Analog Input and Output subpalettesare divided into

levels— Easy I/O, Intermediate, Advanced, and
Utility Vs

e Easy I/O containsVlIsfor
— Single-channel analog input and output
— Single-channel waveform input and output
— Multichannel wavefor m input and output
— Digital input and output
— Counter / Timers

28



Summary
Connections and configuration

—>
«—

L L [
s -

Configuration: -

Connections:

I

29



The NI USB-6008/6009 provides connection toeight analog input (AL
$195 CAD!II channels, two analog output (A channels, 12 digital inputfoutput (131
channels, and a 32-bit counter when using a full-speed USH interface.

Table 1-1. Differences Between the USBE-6008 and USB-G009

Feature USE-61HkSs UsE-6iH
Al Resolution | 2 hits differential, |4 hits ditferential,
|| bits single-ended |3 bits single-ended
Maximum Al Sample Rate® |0 kS/s 48 kSfs
IO Configuration Open-drain Open-drain or push-pull
"Might be system dependent

.............
.............

ooooooooooooo
ooooooooooooo

1 USB Cable Strain Relief

I"'J - i ! I'_I;\;-.: .-e; with Pin Ciisnbslon G sd e a2 :érl\.'w. Il-;':-.urql-}-:u
. 2 U [{c Po~ 2 ] 4 =gmi -
Figure 2. USB-8008/5009 !

[ @ f Aped 5. Sigrad Latal Appdeatian Dhagram
-

L L 30

Figure 3. USE-G008/E009 Back View



| /O Connect or

Table 1. Analog Terminal Assignmeants

Table 2. Digital Terminal Assignments

Maodule

1

'|

o

(AT e ST s aTa e

Signal. Signal.
Terminal Single-Ended Muode DifTerential Maode

1 GND GND

2 ALD Al O+

3 Al4 AL D=

4 GND GND

] 5 Al Al 1+

N f AlS Al -

b 7 GND GND
on

e b AlZ Al 2+
=]

o q AlG Al 2-
=]

= 10 GND GND

= 1 AL3 AL3+

&3 12 ALT Al 3-
=

- 13 GND GND

= 14 ADD ADD

W, 15 AD 1 AD |

16 GND GMND

Maodule Terminal Siznal
17 P
-—\I 18 Pi. 1
1] 19 P2
7 N 20 1.3
==
- 2] P4
==
== 22 PO.5
e % 27 PO 6
% % 24 P07
== 25 P10
S(=
== 26 P11
i = 27 P12
i [
| = % 28 P13
1 Lol
== 29 PFLD
%;ﬂ 3n +25Y
- |
- 2 31 +SV
32 GND

31




Let'stry remote VI

532a
532a0
532ctr

32



