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DAQ System

A DAQ System consists of 4 parts:

Physical input/output signals, sensors — e.g., a
Temperature Sensor or similar

DAQ device/hardware — In this case the USB-600x
device

Driver software — In this case the DAQmx software

Your software Application (Application Software) -
in this case your LabVIEW application
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Digital Signals

A computer can only deal with discrete signals

4 You typically log data at specific intervals
T [°C]
The sampling Time (T) is the time between 2 logged values
) . :
° ° t = Continuous Time
o ° k = Discrete Time
T = Sampling Time
TS
! | | ] : >
k=0 k=1 k=2 k=3 = k
t=0 t=Ty t=2T; t=3T, t=4T, t = kT



DAQmMXx

I1 l Solutions v Products v Perspectives v Support v Community About  Conactus  HH Qg

HOME / SUPPORT / SOFTWARE AND DRIVER DOWNLOADS / NIDRIVER DOWNLOADS / DOWNLOAD DETAIL PAGE

3 NI is now part of Emerson's new Test & Measurement business group. LEARN MORE
EMERSON

NI-DAQ™mx To use DAQ hardware in LabVIEW
NI-DAQ™mx provides support for customers using NI data acquisition and signal conditioning devices. We n e e d to u S e t h e DAme d r i Ve rl
— It can be downloaded for free.

@ Note: Install programming environments such as NI LabVIEW or Microsoft Visual Studio® before installing this product.

DOWNLOADS
NI-DAQmx 2023 Q4
Supported 0S Windows v View Readme
Release Date
Oct/11/2023
Version 2023 Q4 v Included Versions
2023 Q4
Included Editions Full > Supported 0S
> Language
Application Bitness 32-bit and 64-bit > Checksum
Language English, French, German, Japanese, Korean, I DOWNLOAD | | INSTALL OFFLINE |
Simplified Chinese
File Size
5.68 MB

https://www.ni.com/en/support/downloads/drivers/download.ni-dag-mx.html



https://www.ni.com/en/support/downloads/drivers/download.ni-daq-mx.html

MAX

EA NI USB-TCO1 "Dev1” - Measurement & Automation Explorer - O X

File Edit View Tools Help

v Ed My System H ,‘8,‘ Refresh ‘ [E‘J Self-Test [ Test Panels... [% Create Task... @@ Configure TEDS... » 7 Hide Help YO U Ca n U Se MAX tO

v gl Data Neighborhood

&8 N-DAG Tsks L = test and configure

v Devices and Interfaces Settings
@ Integrated Webcam "cam0" NI-DAQmx Device Basics

@ Logitech Webcam C930e "cam3” Name Devl What do you want to do? yo U r DAQ d eVI Ce

*< NI USB-TCO1 "Dev1"

Vendor National Instruments PRun the NI-DAQmx Test Panels
4 Network Devices _
@ Historical Data Model NI USB-TCO1 PRemove the device
44 Scales Serial Number 017EAFO7 PView or change device
53 Software Status Present configuration

ES Remote Systems

Measurement and Automation Explorer (MAKX)
is installed as part of the DAQmx software

[=] Settings

MAX — Measurement and Automation Explorer



DAQMXx in LabVIEW

DAQmx - Data Acquisition This is the DAQmx palette that
£ Qsesch | customizev | APPEArS N LabVIEW after installation ,

To use DAQ hardware in
LabVIEW we need to use

the DAQmx driver.
T ] [ It can be downloaded for
Task Const Channel Const Create Channel Write free .
DAQmx nﬁo.
i * parant Rt A 4
Timing Triggering Start Stop Clear
=] =] <] =] =]
A E] =L 60 V.d
Channel Node Timing Node Triggering Node Read Node Write Node
o S:
- ®
[#
DAQ Assist Real-Time Dev Config Task Config/Ctrl Advanced

https://www.ni.com/en-no/support/downloads/drivers/download.ni-dag-mx.html
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USB-600x DAQ series

USB-6008 has been replaced with

Entry-Level, Plug-and-Play newer versions like USB-6000, USB-
USB Data Acquisition =X # 6001, USB-6002 and USB-6003 which
You depend on accurate measurements to make ke decisions and _— have Slmllar functlonallty as USB-6008

discoveries, and NI's plug-and-play, USB multifunction I/O devices deliver

' and they all work in the same manner,

Compare NI's Entry-Level, Stand-Alone Data Acquisition Devices

_ USB-6003 USB-6002 USB-6001 I USB-6000

1/0 Type

No. of Channels’

Sample Rate (kS/s and Timed)

Resolution

Programming Language Support

and they all use the NI-DAQmx driver

View Specifications View Specifications View Specifications View Specifications
Al AO DIO Al AO DIO Al AO DIO Al AO DIO
4/8 2 13 4/8 2 13 4/8 2 13 0/8 0 4
100 5 SW 50 5 sSwW 20 5 SwW 10 - Sw

16 bits - 16 bits - 14 bits - 12 bits

ANSI C, Python, Visual C# .NET, Visual Basic .NET, and LabVIEW

https://www.ni.com/en-no/shop/data-acquisition/entry-level-usb-dag.html



https://www.ni.com/en-no/shop/data-acquisition/entry-level-usb-daq.html

USB-600x Pinout

e e
GND T [=] == P0.0
Al 0 (Al0+) || |||~ =l | Po.1
Al 4 (Al 0-) il [H W (2= P0.2
GND { == | F 9| g3 F Po.3
Al 1 (Al 1+) L] e <= P0.4
AlS (Al1-) | ||| S| | Pos
GND ~ Q| = P0.6
Al 2 (Al2+) | |[Z][e I/ | Po7
Al 6 (Al 2-) = f|«e ¥ P1.0
GND M= & P11
Al 3 (Al 3+) Ed (= | = P1.2
A7 (AI3-) | [|[EZ]]S || P13
GND = N &) = PFI 0O
AO 0 dNE= (0| B2 ) +2sv
AO 1 o 2 = +5V
GND == E;U GND
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/O Channels

When using a DAQ or 1I/0 Module device we have 4
options:

* Analog Out (Write) - AO
* Analog In (Read) - Al
* Digital Out (Write) - DO
* Digital In (Read) - DI

We will show some basic examples in each of these
categories
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Analog Out (Write)

* Note! The USB-600x can only output a voltage

signal between 0 and 5V

* The USB-600x has 2 Analog
Out Channels:

— AO0
—AO1

GND

T

>

=)
Al 0 (A10+) || [|EEC s
Al 4 (Al 0-) g
GND i =
Al 1 (Al 1+) (L] ||
A5 (Al1-) | ||Ee
GND =~
Al 2 (Al2+) |||
Al 6 (Al 2-) ©
GND | ==
Al 3 (Al 3+) =
ALZ (Al 3u) | TS
GND &
AO 0 =S
AO 1 N
GO =

i
_

101 e A

(323130292827 2625242322212019 18 l7|:ﬁ

|




Hardware Setup and Testing

Multimeter

H"h‘gg

F —
GND =] =|=| P00
Al 0 (Al0+) || ||ED|~ ||| | Po.1
Al 4 (Al 0-) (=] e 2| P02
GND i ||| 3| F Po3
Al 1 (Al 14) (] e </ Poa
Al5 (Al1-) | ||| S| | Pos
GND (O |~ Q] Pos
Al2 (Al2+) | ||EED|= I | Po7
Al 6 (Al 2-) © Q=] P1o
GND | |23 Q| | P11
Al 3 (Al 3+) - ]I P12
Al7(A13-) | [|[ET]]R &/ | P13
GND S hodl IR PRIo

AOO| a0o = 83| | +25vVv
AO 1 o S| 45V
GND =)= ] GND
— ey —
\—




Analog Out Example

D Analog Out Example.vi Block Diagram
File Edit View Project Operate Tools Window Help

a

> &® O N g, 9 vag 7| 15ptApplication Font ~ | §ov

—_——
g¥ -

]

&5

L
1

D Analog Out Example.vi Front Panel - O
File Edit View Project Operate Tools Wind[] :"
o> & On | 15pt Application Font | B
A
Analog Out [V]
""" =
[>]
Stop
v
< >

While Loop

14

>
d
(d
>

DAQ Assistant

»

:Analoc Qut [V]

123 data




B 2nalog Out Example.vi Front Panel - O X
I l a O ' | | X a l I I e File Edit View Project Operate Tools Windov[] :" 3
SR | | | 15pt Application Font ~ | = 1
~
Analog Out [V]
Select the measurement type for the Acquire Signals (=]
task, = Generate Signals [+]
A task is a collection of one or more
virtual channels vith timing, triggering, = Analog Output
and other properties. '\Z’ Voltage
To have multiple measurement types
vithin a single task, you must first create ®] Current
the task vith one measurement type.
After you create the task, click the Add Counter Qutput v
Channels button to add a new
measurement type to the task. % Create New ... ? X < >

D Analo

File Edit View Project Operate Tools Window Help

Jut Example.vi Block Diagram - a

W8 Physical
Select the physical channel(s) A (@) ( [=] 1 1 a
to add to the task. Supported Physical Channels D& N @4 %5 “a @ 7, | 15pt Application Font ~ | 3o~
If you have previously =, Dev2 (USB-6008) ~ A

configured global virtual
channels of the same
measurement type as the task,
click the Virtual tab to add or
copy global virtual channels to
the task. When you copy the
global virtual channel to the
task, it becomes a local virtual
channel. When you add a global
virtual channel to the task, the
task uses the actual global
virtual channel, and any
changes to that global virtual lAnalog Out [V]
e

channel are reflected in the

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

channels to the task. v

aol

v v

For hardware that supports

multiple channels in a task, you

<Ctrl> or <Shift> dick to select multiple channels.
can select multiple channels to

< Back Next > Cancel v
Z|




Using “Low-level” DAQmx Vs

D Analog Out Example2.vi Front Pa... - O
File Edit View Project Operate Tools WindiJT13 3
— e
& O |15ptAppIication Font ~ |10l — 2
~
Analog Out [V]
2= Sto
Dé‘*f\:; Out Example2.vi Block Diagram L b4 P
‘ File Edit View Project Operate Tools Window Help o
’ S & O N G, 9 va@ 1, |15ptApplication Font ~ | §ov o+ D~ ag v 2
< >

minimum value|

0
maximum value
'—1 . . . . - .
DAQmx Create Task.vi DAQmx Create Virtual Channel.vi] [DAQmx Start Task.vi] DAQmx Write.vi DAQmx Stop Task.vi] [DAQmx Clear Task.vi] ~ [Simple Error Handler.vi
i " ) [ Do { e

Analog Out [V]

AO Voltage ¥ Analog DBL
1Chan 1Samp
Ehisical channels
% Dev2/aol
\Wait (ms) 3
to
...........
TF
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Analog In (Read)

USB-600x has
* 8 Al Referenced Single Ended (RSE)

Analog Inputs Channels - fjj Y T EN
GND == == P00
Al 0 (Al 0+) ||~ EEH gg;

o ° Al 4 (Al 0-) L | L 2

e or 4 Al Differential Analog oo {0 &5t Pos
Al 5 (Al 1-) ||°’ m%ll PO.5
GND ™ & P0.6
Inputs Channels  pefault wzozg || S =
GND | [|=|= S =l
Al 3 (Al 3+) =)= i | P1.2
Al 7 (Al 3-) II%;} \ §EI| z::lso
The Voltage Range is —10V — 20V aco | IIEDE ‘ §Q|| 25V
. GND E= &E GND

OV — 5V is default ==l B S




A0 o—

GND
Al 0 (Al 0+)
Al 4 (Al 0-)
GND
Al 1 (Al 14)
Al 5 (Al 1-)
GND
Al 2 (Al 24)
Al 6 (Al 2-)
GND
Al 3 (Al 3+)
Al 7 (Al 3-)
GND
AO 0
AO 1
GND

Differential vs RSE

Al Differential Analog - 4 channels

|
1l
||
||
||
||
il

{

7

[9LGLYLELZLLIOL G 8 L 9 G ¥ € ¢ IIJT"’

COEAREEEAREEEEAE

f
u

i

i

r,;
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/(323130 29 28 27 26 25 24 23 22 21 20 19 18 17|

0 0 0 0 e 0

L
|
|
|
|
|

P0.0
PO.1
P0.2
P0.3
P0.4

P0.6
P0.7
P1.0
P1.1
P1.2
P1.3
PFI O
+2.5V
+5V
GND

Al Referenced Single Ended (RSE) - 8 channels

The Analog Channels have common ground

AlO

> GND
@——> Al O (Al 0+4)
Al 4 (Al 0-)
GND
Al 1 (Al 14)
Al 5 (Al 1-)
GND
Al 2 (Al 24)
Al 6 (Al 2-)
GND
Al 3 (Al 3+)
Al 7 (Al 3-)
GND
AO 0
AO 1
GND

"

i

|

|
1l
||
||
||
||
il
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Hardware Setup and Testing

Nk ZlE 1 ros
Al 0 (Al 0+) ~ o PO.1
A0 | aiamioy | 1| [2|=| |, Po2
|| ] = 41 |33l F Po3

Al 1 (Al 1+) ]| == P0.4

Al5 (Al1-) | ||| ||l | Pos

GND =~ Q| = P0.6

Al2 (Al2+) | || I | po7

Al 6 (Al 2-) () e <l = P1.0

GND W= || P11

A3 (A13+) )= SIE| P12

A7 (A13-) | [|EZ]]S || P13

GND =)= a8 PFI 0

AO 0 (=)= S =N -2

AO 1 == &| [ +5V

GND “ =)= S| | GND

/)




Analog In - DAQ Assistant

D USB-6008 DAQ Assistant.vi Front P... — O

X

File Edit View Project Operate Tools Windq[]

o & () Il | 24pt Application Font ~ |

=43
1

AlO[V]

~

I usB-6008 DAQ Assistant.vi Block ...  — O
File Edit View Project Operate Tools Window

S&® N P 2 wag | 15ptApplil—_1

~
» »
' |
»
‘ ' [a10 [v]] |
DAQ Assistant E ,
data » fi23]
N/ DEL
[
[
v
< >

Here, a 1.5V Battery is connected to Analog Input Channel 0 (AlO)




DAQ Assistant

1 i ~
Select the measurement type for the A 8 Acquire Signals
i = Analog Input
A task is a collection of one or more X
virtual channels vith timing, triggering, l 9% Voltage h I
and other properties. %
proe @ Temperature S + X <5
To have multiple measurement types Undo FRedo Run Add Channels Remove Channels Hide Help
vithin a single task, you must first create & Strain = S
the task with one measurement type. {% Express Task £ Connection Diagram Back ‘E ~
After you create the task, click the Add \f)] Current
Channels button to add a new Channel Value " Measuring Voltage
measurement type to the task. :ﬂi Resistance Voltage 0
Most measurement
® devices are designed for
Iﬂ FrEquency measuring, or reading,
v voltage. Two common
Creste New 2 N voltage messurements
@ Create New .. ‘ 7 are DC and AC.
Table E Display Type
DC voltages are useful
for measuring
phenomena that change
5 N . . slovdy vith time, such as
Configuration  Triggering ~ Advanced Timing ~ Logging temperature, pressure,
h . or strain.
C Setti
W% Physical enne setnes AC voltages, on the other
N hand, are vaveforms
i‘pele;; :“eﬂ':hvt:.cfl channel(s) A @ Details VOtage Input Semp that constantly increase,
© add to the task. Supported Physical Channels Settings decresze, and reverse

polarity. Most powerlines

If you have previously deliver AC voltage.

configured global virtual
channels of the same
measurement type as the task,
click the Virtual tab to add or
copy global virtual channels to
the task. When you copy the
global virtual channel to the
task, it becomes a local virtual
channel. When you add a global
virtual channel to the task, the

Dev2 (USB-6008) A
. Signal Input Range

2i0)
ail Max :l Scaled Units

a2 i o Volts ]
ai3
a4
ais
a6

task uses the actual global ai7 Terminal (I;?fr;:fgur:nlon

virtual channel, and any Click the Add Channels button m v
changes to that global virtual (+) to add more channels to eSS

channel are reflected in the the task. <No Scale> E ;rfg Terminal Configuration A
task. v e specifies the grounding

mode used for the

If you have TEDS configured, virtual channel:

click the TEDS tab to add TEDS

Timing Settings

channels to the task. ) Acquisition Mode Samples to Read Rate (Hz) * Differential—

D di
For hardvare that supports v 15ample (On Demand) [v] 1k k s::ceif?c I:agr:v;‘::?;he
multiple channels in a task, you <Ctrl> or <Shift> dick to select multiple channels. positive and negative
can select multiple channels to inputs for the physical

channel are either
unreferenced or are
connected to v
measurement system

FFRTS n L

Next > [ Finish H Cancel




Convert from Dynamic Data

N

0\Return Customize¥

Convert from
B>

Functions Controls
| File Edit View Project Operate Tools Window Help

Convert from Dynamic Data A |
| S & N QP 9 wam@ | 15ptApplication Font ~ | §ov wov  &§

D Configure Convert from Dynamic Data [Convert from Dynamic Data]

Input Signal |
; Channel 0
Resulting data type

1D array of scalars - most recent value " Channel 1 -

1D array of scalars - single channel

2D array of scalars - columns are channels

2D array of scalars - rows are channels

Single scalar

Single waveform
v

Conversion

VvV
v
[>
S
—
<
—

Amplitude

DAQ Assistant [Convert from Dynamic Data|
data b e [ 111} b2z

Scalar Data Type

@Floating point numbers (double)
Time
OBoolean (TRUE and FALSE) Result Prevs

Channel
0 2
Single value (double)
2

Sample Data

Cancel Help




Reading Multiple Channels

2 Configure Convert from Dynamic Data [Convert from Dynamic Data]

Conversion Input Signal

Resulting data type
[IETA - TR — N

1D array of scalars - single channel
2D array of scalars - rows are channels

Cimmla coalae

]
1D array of scalars - automatic ‘

Amplitude

Scalar Data Type
@Floating point numbers (double)

OBoolean (TRUE and FALSE) e

Channel

1D array of doubles

D USB-6008 DAQ Assistantd.vi Front ... - a

File Edit View Project Operate Tools

Windd
o & n |24ptAppIication Font ~ 1

AIO [V]
e

Al [V]

o0 |

,
. Stop

Data

Cancel

Channel 0
Channel 1

Help

File Edit View Project Operate Tools
> ON

Window Help
@ 99 wa @ 7 |15pt Application Font ~

gnv "-I‘]T:l' l_%bv 1%

TV
v v

10 [V]

DAQ Assistant Convert from Dynamic Data| Index Array|
data o]
- @ =t O
Wait (ms)

o 1231
tfn_u\_

11 [V]

Lloel




Using “Low-level” DAQmx VIs

File Edit View Project Operate Tools Window Help

> ® O N G 2 va@ 7|15t Application Font ~ | $ov o v tag

Hal

Input Terminal Configuration|

Minimum Value

]

In [V]

DAQmx Create Task.vi DAQmx Create Virtual Channel.vi DAQmx Start Task.vi]
DACmx
e "

DAQmx Read.vi DAQmx Stop Task.vi]  [DAQmx Clear Task.vi] Simple Error Handler.vi
et g i
l‘\%l‘e\l' % {%‘/

. Al Voltage v/
.Phgsical channels
s Dev2/ai0

Analog DBL
1Chan 1Samp
\Wait (ms) Sto

All Applications should have proper Error Handling




Reading Multiple Channels

8 Low-level DAQ6.vi Block

File Edit View Project Operate Tools Window Help
S® O P 9 wae 7 |18ptApplicationFont ~ | $ov av EHv Lag

nput Terminal Configuration Input Terminal Configuration
Differential ~|

Maximum Value Maximum Value
Minimum Value Minimum Value

]

DAQmx Create Virtual Channel.vi
DA

Qmx Create Virtual Channel.vi Simple Error Handler.vi

DAQmx Read.vi

D

DAQmx Create Task.vi

DAQmx Start Task.vi
Di

_AI Voltage ¥
Physical channels| Physical channels

.- FDext/a [
2 USB-6008 Low-level DAQ6wi Fro...  — [m] X
File Edit View Project Operate Tools Wini
o> & () Il | 24pt Application Font ~
~
A0 [V]
Al [V]
<
v
< >




Reading Multiple Channels — Alt B

USB-6008 Low-level DAQ6b.vi Block Diagram - O X
9
File Edit View Project Operate Tools Window Help
S® ON P %W vy JI18ptAppIicationFont ~ | fov Tov EDv fap ?
~

For Loop
N

Input Terminal Configuration

DAQmx Create Task.vi DAQmx Create Virtual Channel.vi| DAQmx Start Task.vi| DAQmx Read.vi DAQmx Stop Task.vi] [DAQmx Clear Task.vi] [Simple Error Handler.vi
% % e &, M w
E A= K % [ e = {m&
Al Voltage ¥ Analog 1IDDBL
NChan 15amp

\While Loop

FﬁDeﬂ ol | 2 USB-6008 Low-level DAQSvi Fro..  — O X
% Devl/ail |v| N File Edit View Project Operate Tools Win
>® 0N Wﬁ
-

Al0[V]

s |

Wait (ms) Stop Button A VI
) et -

Can be put into a SubVI -

Further Improvements: Use the State Machine programming principle in your Application .

< >
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TMP36 Wiring Example

GND

Al O (Al 0+) 4]

Al 4 (Al 0-)
GND
Al 1 (Al 14)
Al 5 (Al 1-)
GND
Al 2 (Al 24)
Al 6 (Al 2-)
GND
Al 3 (Al 3+)
Al 7 (Al 3-)
GND
AO 0

AN 4

11
||
||
||
||
|

~

[

USB-6008

—

:41

.

.

AlJ
\

LA 2 ] SaTEaTaEm s}

Note! The wires are
connected as “RSE”

MJMN%N%U%%MB&NNW&WU
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2.0

1.8

1.6

1.4

1.2

1.0

0.8

OUTPUT VOLTAGE (V)

0.6

0.4

0.2

0

TMP36 - Linear Scaling

a. TMP35
b. TMP36

c. TMP37
+Vg = 3V /\‘ c A

L~

a
/T

]

e //

x| L

P y /<

=50 -25 0o 25 50 75 100

TEMPERATURE (°C)

This gives:

50 — 25

Y
Y =2 =T 075

(x —0.75)

Then we get the following formula:

y = 100x — 50

125

Convert form Voltage (V) to degrees Celsius
From the Datasheet we have:

(xl,yl) = (075[/,2506)
(foyZ) = (1V,50°C)

There is a linear relationship between
Voltage and degrees Celsius:
y=ax+b

We can find a and b using the following
known formula:

_ _)’2_3’1(x_x)
Yy =W X, — %, 1




TMP36 LabVIEW Example

D ™P36 Example.vi - O
File Edit View Project Operate Tools Window H |
o
B @ @ =
A

Voltage [V] Temperature [C]

0.76 26.5

Stop

v

D TMP36 Example.vi Block Diagram

File Edit View Project Operate Tools Window Help

4
> ® O N @, 9 waF 7| 15ptApplication Font ~ | §ov o v gk R)_‘ =
A
While Loop
oltage [V]
' |
* I
> Y (Hoeld) ‘
DAQ Assistant |Convert from Dynamic Data| emperature [C]
data » JE2)
- = Tl =
DEL
Wait (ms) Sto
............
TF
v




TMP36 with Lowpass Filter

2 ™P36 Example with Lowpass Filter.vi Front Panel

o
File Edit View Project Operate Tools Window Help |E:EH,E|
2 & () N | 15pt Application Font ~ | $o~ 0d

D TMP36 Example with Lowpass Filter.vi Block Diagram

— a
[Weveform Chiart File Edit View Project Operate Tools Window Help
28-
275 S ON Q2 wag J‘| 15pt Application Font ~ | §ov “iov &9~ fak
27-
265-
g - While Loop
g 255 = .
e
£245-
5 24- Waveform Chart - -
i 0
23;: D'Sr:il&f-hl\tly:wlx&l :
2 & b History e "
ZZZZ_' ;E. DAQ Assistant Convert from Dynamic Data| Lowpass Filter.vi]
0172738 e 7 s 9 0 12 data e ) T [Temperature [C]
v B
e
DEL
aveform Chart
Wait (ms) Sto
............
TF
- |




Lowpass F|Iter

B Lowpass Filter.vi Front Panel — [>T s Filter.vi Block Diagram - O
File Edit View Project Operate Tools Window Help File Edit View Project Operate Tools Window Help éggs
= ———— @n @ = icati ~ | for Tov €H~ Fi
S & N |15ptAppIication Font ~ | $ov o~ v @9~ W . > & @ N G, 9% va@ 7|15t Application Font ~ | fov W~ ED~ “a [ [[Fiker
~
- v T float a = Ts/(Tf+Ts);
|
=10 0 ) - * *y /e
= yf = (1-a)*yf_prev+at*y;
4 o o T
y - Input Signal with Noise =
T[s) iz
Elo yf - Output Signal/Filtered Signal where the
Noise has been removed or Reduced fiz3]
Ts [5] W DEU
o) . I e
=110 Tf - Filter Time constant
Ts - Sampling Time
<
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Lowpass Filter

A Low-pass Filter has the following Transfer Function:

H(s) = Y (s) _ 1 We can find the Differential Equation
y(s) Trs+1 for this filter using Inverse Laplace

We get:
yr(s) [Tfs + 1] = y(5s)

Trye(s)s + yr = y(s)

We apply Euler on the
Differential Equation to find the
Discrete Differential equation.

Finally, we get the following Differential Equation:

Teyr tyr =Yy




Discrete Lowpass Filter

Discrete Lowpass Filter:

Vr(k) = (1 —a)ys(k —1) + ay(k)

y (k) is the current Signal from the DAQ

Where: T device (that contains noise)
S —_ Vs (k) is the Filtered Signal
T _I_ T =4a yr(k — 1) is previous filtered signal
f S Tr is the Filter Time Constant

T is the Sampling Time
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Digital 1/0

i

\
4jji=
:I:v

= 7=

GND == SE=Y
. 12 Digital Ch | Asaed LB (1 1 I LS ees
Igl a annes GND 1D~ | F s|=|[ F Pos
Al 1 (Al 1+) (= [e <= P0.4
. et B || || el
— Port O Digital I/O Channels O to 7 2z 1l s A<
GND | |3 Q|| P11
. . a7 aisy |l S|l prs
— Port 1 Digital I/O Channels0to3  &&*" —E | tgl
AO 1 = =, S
GND == )| | 6ND

)

* You can individually configure each signal as an input
or output.



Digital 1/0

[ _;lq  Devl/port0/1ine0

o - f :_,:‘H — Devl/port0/linel

Ao (A 0r) || %} . 2|1 pos Devl/port0/line2

g|N4D(AI 0-) { % “ 2 'y ggﬁ _ port0 _ Devl/port0/1line3

Al1 (A1) |EL|e s|2| Poa Devl/port0/lined

el RII= g g [% Ll P e Devl/port0/lineb

A = o =] R Devl/port0/line6

SINSD(AI = | | § g I% | | FP,::; __portl | Devl/port0/line7
g|N7D(A| 3-) || g » g L% | | g::.lso — B |

AO 0 == 8|| | +25v Devl/portl/line0

. %g g% . _ Devl/portl/linel

u_‘i_ _;;JJ Devl/portl/line?2

— == Devl/portl/line3




Digital 1/0

J DIGITAL

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
GND +5V+25V PAO P1.3 P12 P11 P1.0 P0.7 P0.6 P05 P0.4 PO.3 P02 P01 P0.0

Dev1l/Port0/line0:7

P0.<0..7> Port 0 Digital /O Channels 0 to 7 — You can individually configure each signal as
an input or output.

Devl/Port1/line0:3

P1.<0..3> Port 1 Digital I/O Channels 0 to 3 — You can individually configure each signal as
an input or output
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Digital Out

i

\
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= 7=

GND == SE=Y
. 12 Digital Ch | Asaed LB (1 1 I LS ees
Igl a annes GND 1D~ | F s|=|[ F Pos
Al 1 (Al 1+) (= [e <= P0.4
. et B || || el
— Port O Digital I/O Channels O to 7 2z 1l s A<
GND | |3 Q|| P11
. . a7 aisy |l S|l prs
— Port 1 Digital I/O Channels0to3  &&*" —E | tgl
AO 1 = =, S
GND == )| | 6ND

)

* You can individually configure each signal as an input
or output.



Hardware Setup and Testing

GND
Al 0 (Al 0+)
Al 4 (Al 0-)
GND
Al 1 (Al 1+)
Al 5 (Al 1-)
GND
Al 2 (Al 2+)
Al 6 (Al 2-)
GND
Al 3 (Al 3+)
Al 7 (Al 3-)
GND
AO 0
AO 1
GND
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|
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|
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([oisivtetzitiol 6 8 L 9 G v € 2 L)
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B

1

|
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| ' ‘I>[323l 30292827262524232221201918 17|/
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i
|

P0.0 /\ + We test with

PO.1
P0.2
P0.3
P0.4
P0.5
P0.6
P0.7
P1.0
P1.1
P1.2
P1.3
PFI O
+2.5V
+5V
GND

_ a Multimeter

False - Ov
True - 5v



Digital Out LabVIEW Example

D Digital Out Example.vi Front Panel — O D Digital Out Example.vi Block Diagram - O
File Edit Vi Project O te Tools Wind Hel
File Edit View Project Operate Tools Windo|TTT 3 e e e — i 2 pereie ook TnCoW TEP = i 8
— — weii 8 D& 0N g 2 wa@ I, | 15ptApplication Font ~ | 3o+ g 2
o & () Il | 15pt Application Font vl 2 -
PN
Digital Out
»
e :
— : |
[Build Array DAQ Assistant
O+ ) » data
v
< >
False - Ov
True - 5v
v
< >




Configuration

&8 Create New ...

Select the measurement type for the
task.

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

To have multiple measurement types
vithin 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.

Acquire Signals
= Generate Signals
Analog Output

Counter Output

= Digital Output
%, Line Output

== Port Output

< Back

Next > Finish ,

A

&% Create New ...

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

If you have previously
configured global virtual
channels of the same
measurement type as the task,
click the Virtual tab to add or
copy global virtual channels to
the task. When you copy the
global virtual channel to the
task, it becomes a local virtual
channel. When you add a global
virtual channel to the task, the
task uses the actual global
virtual channel, and any
changes to that global virtual
channel are reflected in the
task.

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

For hardvare that supports

multiple channels in a task, you
can select multiple channels to

W% Physical

Supported Physical Channels

=+ Dev2 (USB-6008)
....... port0/line0

....... portD/linel
....... port/line2
....... portD/line3
....... portd/line4
....... port/line5
....... port0/lineé
....... portD/line7
....... port1/lined
....... port1flinel
....... port1fline2
....... port1fline3

<Ctrl> or <Shift> dick to select multiple channels.

Nrt>

[ Finish ]| cancel




Multiple Digital Out

&8 Create New. ?

WS Physical
Select the physical channel(s) A

to add to the task. Supported Physical Channels

If you have previously - Dev2 (USB-6008) ~

haneis of hesame g ort0/ine0 - i

measurement type as the task, D Digital Out Example2.vi Block Diagram — O

click the Virtual tab to add or port0/line2|

copy global virtual channels to — - - - - -

the task. When you copy the File Edit View Project Operate Tools Window Help 3
global_ virtual channel to tl_ne port0/line4| ; - - 5

charnal. Whan you 24d & glabal -~ BEEE | [ pigital Out Example2.vi Front Panel - o > ® ON § % 4a@ | 15ptApplicationFont v | §ov a~
e I S et : ples A
task uses the actual global v Fil Edit Vi Project O t Tool Wind Hel

virtual channel, and any port1/ined e 1ew roje: perate ocols indow € I_

changes to that global virtual portifine1 5 I—

channel are reflected in the o i 1

padil portifine2 ]} I 15pt Application Font ~ l oY

If you have TEDS configured, w portifine3

click the TEDS tab to add TEDS

channels to the task.

For hardware that supports D'gftal Data

multiple channels in 3 task, you ¥ <Ctrl> or <Shift> dick to selef 1
: »
can select multiple channels to E EI [:'ﬁ- >
4

= ' '

<o | PSS |: m DAQ Assistant
| se iid data
Y

m se | Wait (ms)
e
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LED Wiring Example
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]

i
|l

DO
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fghij

27 @ © o o o
280 o o o @
29 ¢ o o o
30e @ ¢ o o
abcde

. ) ‘ |l 9o soveevevsovevew ® e o 0 0 0 0 0 e
GND == E@ P0.0 © © 6 6 0 0 6 0 0 0 6 0 0 e 0 0 e e e e e e e s
A0 (A10+) || [|ED |~ =/ | Po.1 &
Al 4 (Al 0-) [CT] e : Ca] | P0.2 ramenon®Da?F TLel 222 RNRLR S
GND 1| o \ glr P0.3 — ® ® © ® ® o o e 0 o o ® ® o U ® o 0 s 0 0 0 0 0
Al 1 (Al 1+) (] | <l = PO.4 — ® ® ® © ® ® 6 6 6 6 e e 6 6 s s e e e e e e e e e e
AIS(AI 1_) | | o N @ | I P0O.5 L ® ® 0 0 0 o ¢ 0 ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e
GND [l;[:l\. QE PO.6 CN® @ & & ¢ & ¢ ¢ ¢ 0 ¢ 0 0 0 0 0 0 0 0 e e e 0 e 0o
A|2(A|2+) || = <, [Qll PO.7 U ® ® ® ® ® e e e e o @ o-l'l‘-c oko;02.7000.(i
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Al 7 (Al 3-) | | m " & [Q | I P1.3 U e e e e e e e e e e e © e e 0 0 0 0 0 0 0 0 0 0
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LED Example

D Digital Out Example.vi Front Panel - O pd D Digital Out Example.vi Block Diagram - O
File Edit Vi Project O te Tools Wind Hel
File Edit View Project Operate Tools Windo|TTT 3 e e e — i - pereie ook TnCoW TEP = i 8
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Digital In

i

\
4jji=
:I:v

= 7=

GND == SE=Y
. 12 Digital Ch | Asaed LB (1 1 I LS ees
Igl a annes GND 1D~ | F s|=|[ F Pos
Al 1 (Al 1+) (= [e <= P0.4
. et B || || el
— Port O Digital I/O Channels O to 7 2z 1l s A<
GND | |3 Q|| P11
. . a7 aisy |l S|l prs
— Port 1 Digital I/O Channels0to3  &&*" —E | tgl
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* You can individually configure each signal as an input
or output.



Hardware Setup a

GND
Al 0 (Al 0+)
Al 4 (Al 0-)
GND
Al 1 (Al 14)
Al 5 (Al 1-)
GND
Al 2 (Al 2+)
Al 6 (Al 2-)
GND
Al 3 (Al 3+)
Al 7 (Al 3-)
GND
AO 0
AO 1
GND
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tﬁ Digital Out (P0.0)

P0.0
PO.1
P0.2
P0.3
P0.4
P0.5
P0.6
PO.7
P1.0
P1.1
P1.2
P1.3
PFI O
+2.5V
+5V
GND

Digital In (PO.1)

@0 +5v +25vPR0 P13 P12 P11 P10 P07 POS POS P04 P03 P02 PO1 POO)




Digital In

&8 Create New ...

Select the measurement type for the
task.

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

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

Acquire Signals
Analog Input

Counter Input

= Digital Input

4 Linelnput

% TEDS

Generate Signals

< Back

Next > Finish

e |,

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

If you have previously
configured global virtual
channels of the same
measurement type as the task,
click the Virtual tab to add or
copy global virtual channels to
the task. When you copy the
global virtual channel to the
task, it becomes a local virtual
channel. When you add a global
virtual channel to the task, the
task uses the actual global
virtual channel, and any
changes to that global virtual
channel are reflected in the
task.

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

W Physical

Supported Physical Channels

=--. Dev2 (USB-6008)
........ port0/lined
port0/line2
port0/line3
port0/line4
port0/line5
port0/lineé
port0/line7
port1/lined
portiflinel
port1fline2
port1fline3

<Ctrl> or <Shift> dick to select multiple channels.

Next >

[ Finish ]| cancel




Digital Out and In Example

2 pigital In Example.vi Front Panel - O X

File Edit View Project Operate Tools Windoj[] :"

o & () I |15pt Application Font VI =~

Digital PO.0 is wired directly to P0O.1 in this example

> Digital In Example.vi Block Diagram
File Edit View Project Operate Tools Window Help

S&® O N G, 9 wa@ 7, |15ptApplication Font ~ | o~ iav EHv bag

\While Loop

Digital Out (P0.0) Digital In (P0.1)
False
- O X
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ools  Windoy[] :"E
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Push Button Example

Push Button



Push Button Example

2 push Button Example.vi Front Panel — O X
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Push Button Wiring Example

Using ex’g_ernal 10 kQ Pull-up Resistor

I 3} Using external Pull-up Resistor

| P P--,ﬁ PO.0 R ooo/oo ® e e e e s e e e e e
GND |||:' E%|Ipo_o e o ® 0 0 ooo‘/oo e o 0 0 0 * o o 00 e o
Al O (Al 0+) _Ll|[~ 2| PO.1 —
Al4(alo-) ||« I | l2l= - Poz R = 10kQ
GND 1|@“ \ ggerOB s o eoo——fli——0 ¢ ¢+ s s s 000000
Al 1 (Al 14) 1) ||en =| = PO.4 I R R T I T I
A|5(A|1_)||°’ a@'lpo.s ® ¢ 9 " " " P O TY Y YD -
GND =] [~ «l = PO.6 ® 6 6 6 8 6 8 6 8 G B e GG E G S e E S
Al2 (Al2+) | |[EZ]||e || po7 P S R
Al 6 (Al 2-) |~ Q= P1.0
GND ||[Dj§ S| P e e e s e e e e
Al 3 (Al 3+) @: o = P1.2 ‘R EEREEEEEEEREERE
A7 (A13-) | [[EED) &=| | P13 cevesevveves
GND @f { S o= PFI 0 D I
AO O Hl[g]’: S|3|| | +25V * s e s 00 00 8000
AO 1 =)< &| +5V
GND lt@_g &@JJ GND

3 I A s e e e e e




Push Button Wiring Example

Using built-in/internal 4.7 kQ Pull-up Resistor

-

—

Sq 4 688 e e e E S EEEE eSeEE e eeeee
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Pull-up Resistor

High
True/Hig ccy False/Low ey

Resistor Resistor ‘

o DI ‘ . DI

Switch l We Push the Button Switch ¢
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DAQ and I/O Modules in LabVIEW

When using a DAQ or 1I/0 Module device we have 4
options:

* Analog Out (Write) - AO
* Analog In (Read) - Al
* Digital Out (Write) - DO
* Digital In (Read) - DI

We will show some basic Step by Step examples in each of these
categories
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