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Lesson Outline

« Data acquisition
« DAQmMx library

 Example
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Sensor (e.g.,

temperature to

voltage

/

Iransducer

DAQ system

Data acquisition is a process that
1. gathers (analogue) signals from measurement sources;
2. digitizes the signals to store, analyse, and plot on PC.

Amplification,
filtering

Signal
Conditioning

Data acquisition \

hardware:

Communication br!'dge
between sensor &
computer

(¢.9. NI USB-6009)

» DAQ |

Interfacing via
USB, PCl express

IR

Contains analog &
digital channels:

Al (analog i/p)
AO (analog o/p)
DI (digital i/p)

20/04/2020



Transducer

Transducer: a device that converts a physical phenomenon
iInto @ measurable electrical signal, i.e. voltage or current.

Sensor (e.g.,

te?é\p o g il Amplification, Interfacing via
T filtering USB, PCI express

i \/ \ Compuler
QO P i Signal 7 l) 0 )
~ —-J Conditioning ,
Eat;‘ acqws:tton Contains analog &
araware: d,g{ta{ hannels:

Communication bridge :
between sensor & Al (analog i/p)
AO (analog o/p)

computer iniog
(e.9. NI USB-6004) DI (digital i/p)
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Signal

Signal: a detectable physical quantity or impulse (such as a
voltage, current, or magnetic field strength) by which
messages or information can be transmitted.
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(e.9. NI USB-6009)
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- DAQ 7
Conditioning >
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Signal conditioning

Signal conditioning: a set of operations that maximizes the
accuracy of a system, allows sensors to operate properly,
and guarantees safety (e.g. attenuation, isolation)

Sensor (e.g.,
teTtAp e Amplification, Interfacing via
T filtering USB, PCl express

Signal
Conditioning

Data acquisition \

hardware:

Communication br{dge
between sensor &
computer

(e.9. NI USB-6009)
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DAQ Hardware

Data acquisition hardware: a device that digitizes incoming
analog signals so that the computer can interpret them.

Sensor (e.g.,
teTtAp e Amplification, Interfacing via
T filtering USB, PCl express

Iransducer \/
~

, N Signal
>— Conditioning

Eat2 acqgisition Contains analog &
C‘ar ware‘. ' brid d{gr'ta( channels:
ommunication vridge :
between sensor & Al (anaiog i/ p]
computer AO ((Tn'a(og' o/p)
(¢.9. NI USB-6009) Di (aigital idp),
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Sensor (e.g.,

temperature to

voltage

/

Iransducer

DAQ Software

Data acquisition software: transforms the PC and the data
acquisition hardware into a self- tool for data acquisition,
analysis, and display.

Amplification,
filtering

\V

Signal
Conditioning

Data acquisition
hardware:
Communication br{dge
between sensor &
computer

(e.9. NI USB-6009)

Interfacing via
USB, PCl express

Contains analog &
digital channels:

Al (analog i/p)
AO (analog o/p)
DI (digital i/p)
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Computer Interface

Computer interface: a computer that controls and triggers
the acquisition system, and stores / processes the digitally
acquired signals.

| CONTROLS |

Sensorf(e.g.,
tet;;\p eqature to Amplifgation, [hterfacing via
chrns filterin §sB, P

Iranjducer

l ‘/‘ ('u::lkxv::;l\lmn_ub ’J DAQ | 4
| DIGITAL DATA N avalog &
igital channels:

Communication bridge Al (analog i/p)

between sensor &
AO (analog o/p)

computer inglog
(e.9. NI USB-6009) ?’_@‘;‘{’ff“ ip)
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Instrument control

Instrument Control Layers

LabVIEW @ LabWindows ™/CVI C/C++ and .NET
S ey

Application Layer

Instrument Driver Network (IDNet) Modular Instrument Drivers (niDMM, niSCOPE, etc)

Instrument Driver

IVl Compliance Package

NI-VISA

Driver Layer

NI-488.2 NI-Serial NI-VXI
NI-GPIB devices NI RS-232/422/485 = NI VXI devices ﬁ TCP/IP (Ethernet)
Hardware Layer devices | ; USB
- PXI

‘YNATIONAL
’ INSTRUMENTS'

VISA = Virtual Instrument Software Architecture
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Drivers

 |nstrument drivers

a library for a specific class of instruments, typically specific for a
given vendor or model

EXAMPLE: Lecroy Oscilloscope HDO4034

* Driver Layer

acts as an interface between the application software and theDAQ
hardware, and prevents a programmer from having to do register-
level programming or complicated commands.

EXAMPLE: NI DAQmXx

Dr G. Frigo 20/04/2020 11




NI DAQmx

NI DAQmx is the driver software you use to communicate
with and control your NI data acquisition (DAQ) devices.

NB: NI DAQmx is explicitly for NI hardware, other vendors
instrumentation may require specific libraries.

It includes an extensive library of functions and Vls you can
call from LabVIEW to program your devices, plus:

 Measurement & Automation eXplorer (MAX)
 DAQ Assistant

Dr G. Frigo 20/04/2020 12



NI MAX

MAX is an application that informs other programs which
devices are connected and how they are configured.

Main functionalities:
* view devices and instruments connected to your system
« configure the NI hardware and software

« create and edit channels, tasks, interfaces, scales, and
virtual instruments

« execute system diagnostics
« update your National Instruments software

Dr G. Frigo 20/04/2020 13
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NI MAX console

:3 My System - Measurement & Automation Explorer

File Edit View Tools Help

<8 My System
@ Deta Neighborhood HSave & Refresh
« G Devices and Interfaces
ASRLIGINSTR "COM1*
@ ASRL3:INSTR "COM3"
A Network Devices
< Scaes
51 Software
« B8 Remote Systems
v m ELDO40-cRIO-13
v ) Devices and Interfaces
ASRLIEINSTR
@ ASRL2:INSTR
NI cRIO-9030 "RIO0"
& Network Devices
51 Software

Network Adapters

MAC Addre

Configure IPv4 Address
IPv4 Address

Subnet Mask

Gateway

DNS Server

Ethernet Connection (2) I219-LM

TCP/IP Network

128.178.26.
255.255.255.0
128.178.26.1

128.178.15.227

) Intel(R) Ethernet Server Adapter I350-T2

Adapter Mode
MAC Address

Configure IPv4 Address
IPv4 Address
Subnet Mask

TCP/IP Network
00:1B:21:DB:48:C8

DHCP or Link Local
0.0.0.0
0.0.0.0

) Intel(R) Ethernet I1210-T1 GbE NIC

Adapter Mode
MAC Address

Configure IPv4 Address
IPv4 Address
Subnet Mask
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TCP/IP Network
68:05:CA:64:6C:77

Static
100.100.100.10
255.255.255.0

v E3 My System
(5l Data Neighborhood
v &8 Devices and Interfaces
ASRL1:INSTR "COM1"
ASRL3:INSTR "COM3"
4 Network Devices
44 Scales
63 Software
v B8 Remote Systems
v i ELD040-cRIO-13
v Devices and Interfaces
ASRL1:INSTR
ASRL2:INSTR
£} NI cRI0-9030 "RIOO"
4 Network Devices
& Software
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Network devices

) S
& HDOA

File Edit View Tools Help

v B My System 5
@ Data Neighborhood HSave & Refresh | Open VISA Test Panel

v &8 Devices and Interfaces
ASRL1:INSTR "COM1"
ASRL3:INSTR "COM3"

v i Network Devices .
25 HDO4034 "TCPIP0::100.100.100.100::inst0:INSTR" Settlngs
44 Scales
&1 Software
v B8 Remote Systems
Name

« [ ELDO40-cRIO-13
v &8 Devices and Interfaces
ASRL1:INSTR
@ ASRL2:INSTR Hostname 100.100.100.100
1B NI RI0-9030 “RIO0"

& 2 Network Devices IPv4 Address 100.100.100.100
Vendor LECROY
Model HDO4034
Serial Number LCRY3513N 19423
Firmware Version 8.1.0
Status Present
LAN Device Name inst0
VISA Resource Name TCPIP0::100.100.100.100:inst0:INSTR
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VISA test panel

?‘/: TCPIP0::100.100.100.100::inst0::INSTR - VISA Test Panel

— X
— . NATIONAL
E] Configuration E Input/Output NII/OTrace  Help INSTRUMENTS

TCP/IP Settings |0 Settings ~ View Attributes Return Data

TCP/IP Settings Packet Settings No Ervor s
Hostname
100.100.100.100 Mo Packet Delay
Device Mame
- [ Keep Alive Packets
inst0 P
Address
100.100.100.100
Buffer Operations
Transmit Buffer Receive Buffer
0 0
Set Size Set Size
Flush Buffer Flush Buffer
W
Refresh Apply Changes

Dr G. Frigo
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Dedicated software

(@) S8 - Teledyne LeCroy WaveStudio - Display Capture - o X
Scope Terminal Trace [MBIHeEM Scope Setup: Mass Storage
L | Auto-Refresh Use Print Colors
<+ 7 =
/2 sec
Refresh Add Copy to  Save

‘ Annotation ‘Clipboard to File |

My Scope Explorer o ) = Display Capture x -

’; =; == =3 () File 3 Vertical =+ Timebase I Trigger & Display # Cursors [ Measure @ Math | Analysis X Utilites @ Support

Device St.. Bus Addr.. So.. S/N
®HD.. Al. Net 100.. 8.1.. LCRY3..

--%100.100.100.100 (HDO4034)
% Terminal
Front Panel
U Scope Options
-I@Traces

+-= Channels

+-= Math

+-= Memories

+—= Zoom

N DCIM Timebase 0.00ms Trigger 'C1/0C

= Display Capture 1,00 Vidiv 1.00ms/div Stop  490mV

@ Scope Setups 0.0mV ofst 1MS  100MS/s [Edge Positive

® Mass Storage TimeBase = Reference Clock Close
LabNotebook Sampling Mode Timebase Mode Real Time Memory Active Channels

RealTime Sequence
4 4 25Gsis
1.00ms -~ N 10Ms )

1MS at 100 MS/s 2 25GSIs
10 ns/ptfor 10 ms

Dol SetTo Zero Auto Maximize

4/17/2020 11:40:39 AM
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LabVIEW solution

In order to control the instrument from LabVIEW, we need
to check two things:

« if the instrument is supported (mostly, just NI hardware)
we can use the library NI DAQmx in the palette called

Measurement |/O;

« if the instrument is not supported (third part hardware)
we have to install the specific library (see next lesson).

Dr G. Frigo 20/04/2020 19
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Measurement I/O

4] Functions Q) Search
Programming »

= aﬂ:

Structures Array Cluster, Class, & . .
Variant ~UNCUIONS

Boolean String Q Search &, Customize¥
@ = | » Programming
Timing

' {78

Comparison Dialog & User

Interface

Measurement |/O

B
File 1/0 Waveform M % i
E ¥ |I'LI'L
e &
- J .
Synchronization Graphics & Nl D‘Ame S}rs’tem Nl Scan Englne
Sound - -
Measurement /O Conflguratlon
Instrument /O » =___———
Mathematics » ey sz
Signal Processing » [&
Data Communication 3 u
Connectivity »
Control & Simulation » TEDS peer TG peer
Express > Streaming
Addons »
Selecta Vl...
Real-Time »
FPGA Interface 3

«
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NI DAQmx library

':L Search ¥ Customize¥ =J
[ » Programming
|* Measurement I/0

L DAQmx - Data Acquisition

DA mx
g
Task Const Channel Const Create Channel Read Write Triggering
[T=T] [T=T]
[ &5 ] L& ]
Start Channel Node Timing Node Triggering Node Read Node Write Node
[ : % 3¢
DAQ Assist Real-Time Dev Config Task Config/Ctrl Advanced

[ » Instrument I/O

[ » Mathematics

| » Signal Processing

[ » Data Communication
[ » Connectivity

| » Control & Simulation
[ » Express

I'» Addons

| SelectaVl..

[ » Real-Time

| » FPGA Interface

L4
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DAQ Assistant

The easiest solution is to use the DAQ assistant that can
be easily customized through a multi-step procedure...

{8 Create New ...

Select the measurement type for the task. B Acquire Signals

A task is a collection of one or more virtusl channels with & Analog Input
timing, triggering, and other properties.

&% Voltage
nt types vithin a single task,

nnnnnnnnnnnnnnn t @ Temperature
type. After you create the task, click the Add Channels
button to add a new measurement type to the task. &% Strain

Pprnnnnnnnnn taSk OUt ®] Current

$s Resistance
|#;  Frequency
@ Position

e error out g Zounld P;essure
DAQ Assistant

%4 Velocity (IEPE)

data » Eooooooooon data @ Force

@ Pressure

rate

number of samples - |
timeout (s) —

error in

stop (T)
device name

@ Torque
I

DAQ Assistant o saeom t
9 Custom Voltage with Excitation
® Charge

@ Counter Input

@ Digital Input

& TEDS

Generate Signals

Dr G. Frigo 20/04/2020 22
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DAQ Assistant

... where Labview asks to select the instrument as well as
the physical channels we want to control...

{#% Create New ... [El

NATIONAL
INSTRUMENTS'

A 5 Physical ‘

Select the physical channel(s)

to add to the task. Supported Physical Channels

If you have previously - cDAQIMod1 (NI 9219) 7
configured global virtual T a0

P prnnnnnnnnn task out channels of the same

measurement type as the task, P @il

click the Virtual tab to add or Poi a2

copy global virtual channels to HE i3

the task. When you copy the | — =

global virtual channel to the - cDAQIMod2 (NI 9222)

task, it becomes a local virtual
F oooooooooon channel. When you add a global
error OUt virtual channel to the task, the

DAQ Assistant task uses the actual global

virtual channel, and any

rate

number of samples - |
timeout (s) —

error in

stop (T)

device name

m

hanges to that global virtual
] chang g
data » data channel are reflected in the

task.

If you have TEDS configured,
click the TEDS tab to add TEDS

DAQ ASSiStant channels to the task. -

For hardware that supports

multiple channels in a task, you <Ctrl> or <Shift> dick to select multiple channels.
can select multiple channels to

7,

Dr G. Frigo 20/04/2020 23
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DAQ Assistant

... and, once set up, provides an intuitive GUI:

{8 DAQ Assistant % DAQ Assistant
v | - » X
Run ~ Add Channels Remove Channels L2 R -
= T n Run Add Channels Remove Channels
{34 Express Task £ Connection Diagram| (@Back ]
Back B A
Measuring Voltage Sine Wave [#] 7estSignal Type
800~ -
Most messurament .
600~ devicas are designed for Generating Current
measuring, or reading, or Voltage
400m-| voltage. Two common %
voltage measurements 3 5c| You can gererate tvio
g 20m- are DC and AC. ?25 main kinds of signas for |z
2 o DC voltages are useful < channels:
E for measuring
phenomena that change o Single samgles,
<loviy vith time, such as | 1 1 1 | 1 T i ! I Single: *
temperature, prassure, 00l 002 003 €04 0C5 006 CO7 008 0J9 0.1 including DC signals—
or strain. Tire Vihen generating
incle samgles, you
AC voltages, on the other sing ¥
and, are vaveforms can use softvare or
that constantly increase, - hardvare timing (if
I decrease, and reverse Configuation | Triggering | Advanced Timi avalable) to control
80 S0 100 110 120 130 140 150 160 170 180 190 200 || polarity. Most powerlines vhen your devce
Tane deliver AC voltage. generates a signal.
AutoScale Y-Axis V] N
a . —
Voltage Output Setup Multiple samples
Use multple sarrples
3 settngs Soral, such 3¢ aine
Triggering | Advanced Timing | Logong s a0 talled
2 g buffered analog
Scaled Units output, genarating
Voltage Input Setup Vax Vol = multipe sampes
[y invelves the folloring
' Settings ‘ Min 0 steps:
- 7 1. Yeur applizatior
o il m vrtes m
Max 10 samples into a
Volts =] buffer.
Min 10 R N
4 z._All the samples
Temiral Configurator
o =
25 Gick the Add Channs buiton Diferential =] E5)
——— (#) io addmore channeks ‘o Zustom Scaling . - b disp . -
is is the list of virtual the iast. f is graph displays the
Terminal CD‘“F::?:;:;W g channels. Right-click a i <No Scale> =7 ana og signals acqured
Gick the Add Channels button :Lﬁf.:‘;:::’;i‘,:@\ or genzrzted by the
(#) to add more chamnes to Custom Scaling channel associated with device
e <No Scale> it. If an exclamation _
point (1) appears next to X !
 global virtual channel, Generaton Mode Q Sarrples to Vrite
the channel has been
ket dalotad: Confinuous Sameles & @ 100
Acquisition Mode Samples to Read Rate (Hz)
N Samples * %
=3

20/04/2020
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Organization of the code

But — if we don’t want or can’t use the DAQ assistant — we
have to structure our code in a precise and repeatable way:

« we have to convert the instrument physical channels in
Labview virtual channels;

« we define which task (experiment) we want to carry out;

« we define the specific parameters of our measurements
(e.g. resolution, sampling rate, trigger) that are controlled
by specific functions in the palette.

Dr G. Frigo 20/04/2020 25
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Virtual channel

Physical Channel/Pins

NC
TCO+
TC1+
TC2+
TC3+
TC4s
TCS+
TC6+
TC7+
TCB+
TC9+
TC10+
TC11+
TC12+
TC13+
TC14+
TC15+

CcOoM

1 [19}@
2 [20}@
a|21)@
4 [22@
5 |23)@
6 [24/0) |
7 |25)@
8 |26/©) |
9 2710
10/28/Q) |
11[291@
©)12[30/©) |
©\13[31)C
of14]3210) |
©)15/33/0
©f16|34/0) |
O)17/35)©
ofe/36/0) |

NC
TCo-
TC1-
TC2-
TC3-
TCs-
TC6-
TCe-
TC7-
TCs-
TC9-
TC10-
TC11-
TC12-
TC13-
TC14-
TC15-
COM

Virtual Channel

DAQmx Create Channel (AI-VYoltage-Basic).vi

input terminal configuration
minimum wvalue

maximum value

task in

physical channels

name to assign

units

error in

custom scale name

task out

error out

20/04/2020
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Tasks and functions

Task
Timing, triggering
Sen SOrs, input terminal c.o‘nfiguration Slg nal rOUtIﬂg
scaling, and maiman vale

data format - taskin o task out
physical channgls -m X

name ko assign error ou . .

gt Buffer configuration

C h a nn e | custom scale name

CO nflg u I’atl O n DAQmx Create Yirtual Channel.vi .
Hardware settings

Dr G. Frigo 20/04/2020 27



Code organization

We MUST structure the code according to this order:

Create Configure l Read / | Stop /

create the task (which kind of measurement)

configure the task (set the instrument parameters)

start the task (run the experiment)

read/write data (acquire or generate data)

NB: it might be repeated iteratively with a for or a while loop
5. stop the task (end the experiment)

6. clear the task (set the virtual channels free for other tasks)

s wh =

Dr G. Frigo 20/04/2020
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Coding example

Terminal Configuration

Sample Mode

@ Finite Samples *
Min Voltage Sample Rate
[oEd = 10K message + warnings ™
Max Voltage Sample Clock Source Waveform Graph
Physical Channel H

170 vy ]

Al Voltage ~ Sample Clock * Analog 1D Wfm _
MChan MSamp
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Recap: was everything clear?

« What are the main components of a DAQ system?
« What does NI DAQmx enable us to do?

 Why is NI MAX important?
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