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LabVIEW Installation

Note! You get the Serial Number from your Teacher,
but the software can be used for 30 days before you
Download the software here: need to enter a valid Serial Number.

http://home.hit.no/~hansha/?page=labview

These are the main modules we use in the different
courses at Telemark University College:

* LabVIEW (LabVIEW Professional Development System 32-Bit: English)
* NI-DAQmx (Hardware Driver for NI USB-6008, NI TC-01, etc.)
* LabVIEW Control Design and Simulation Module

 LabVIEW MathScript RT Module
Note! These packages are separate downloads!

All LabVIEW Software can be downloaded here: www.ni.com/download




Additional LabVIEW Resources
Here you will find lots of Videos, Tutorials and Exercises

e LabVIEW Training for Students (National Instruments): ,

http://ni.com/students/learnlabview

e LabVIEW Course:
http://home.hit.no/~hansha/?training=labview

Learning by Doing!

It is recommended that you watch some of the videos before you read furter
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LabVIEW e

File Edit View Operate Tools Window Help
Output Window

- o IEN

Variable: St
For help, enter ‘'help cla .

s cript | History
sses ~
>>x=2

This is the core LabVIEW installation that installs | 1
the LabVIEW Programming Environment.

2| abVIEW (

0% || D« || »0

( [E/ Create Project

( [/ Open Existing

—LabVIEW MathScrlpt RT Module

This module is a text-based tool that is very similar to MATLAB. The syntax
is similar to MATLAB, you can create and run so-called m files, etc. The
module is available from the Tools menu inside LabVIEW.

LabVIEW Control De5|gn and Simulation Module Control & Simulation

I QSearch I <, Customize~ l
This module is used for creating Control and Simulation applications
with LabVIEW. Here you will find PID controllers, etc. The module is

> ot
2ET Fuzzy
available as a palette on your block diagram. PID Fuzzy Logic
= > > L.
A Search | =¥ Customize | —— LR =
— =) | |

DAQmx is the Hardware Driver needed in order to use hardware devices like NI
USB-6008, NI TC-01, etc. inside LabVIEW. The module is available as a palette on
J your bIock diagram.

ig  Task Config,




Keyboard Shortcuts

LabVIEVWW Quick Reference Guide

File
Ctrl-N Create new VI Ctrl-Z Undo last action Right-Click  Display controls/
Ctrl-S Save VI Ctrl-Shift-Z Redo last action functions palette
Ctrl-P rint Shift-Right- Display tools palette
Operate Click
o Cul-R Run VI Ctrl-T Tile block di d f
K : - tri- ile block diagram and front
Ctrl-V Paste obje(.:t Ctrl-. Abort VI panel windows
Ctrl-U Clean up diagram
Ctrl-Space Activate quick drop Window Help
Ctrl-B Remove broken wires . . Ctrl-H Display context help
Ctrl-C Copy an object Curl-E Pr:)sﬂ%ggg?':k diagram/
Ctrl-X Cut object
Editing Tools Debugging Tools
Tool Icon Description Tool Icon Description
Show Context Display the context help window Run Execute the VI
Help
Text Settings Change the font setting for the VI, List Errors | * List errors that prevent the VI from running

| 15pt Application Font |«

including size, style, and color

Align Objects

Align selected objects

gggtinuously

Execute the VI continuously until abort or

pause is pressed

Abort Stop VI execution immediately
Execution

Distribute Objects [S55~ Space objects evenly Execution Animate data movement on the block
Highlighting m diagram wires

Resize Objects [sse ﬁ]zsnsz:mnéu;tilz%le front panel objects to Pause IE' gggﬂ]‘;’%’f“{hz“\’ﬁ execution to debug a

Reorder @9~ | Reorder the layers of Step Into El Single-step into a subVI or

the objects structure to debug it

Clean Up [3 Rearrange wires and objects on the Step Over - Execute a subVI or structure and

Diagram block diagram pause at the next one

Enter Appears when a new value is available Step Out Execute a subVI or structure and resume

to replace an old value

http://www.ni.com/pdf/manuals/376039a.pdf

single-stepping

Tool

Tools Palette

Description

Automatic
Tool Selection

Automatically choose the
appropriate tool

Operating
Tool

Change the value of a control or select
the text within a control

Positioning Position, resize, and
Tool select objects
Labeling Edit text and create
Tool free labels

Wiring Tool Wire objects together

on a block diagram

Scrolling Tool

Scroll the window without using the
scroll bars

Breakpoint Set breakpoints on Vls, functions,
Tool (Used for wires, loops, sequences, and cases
debugging)

Probe Tool Create probes on wires and display
(Used for intermediate values on a wire in a
debugging) running VI

Get Color Copy colors for pasting with the
Tool Color Tool

Coloring Tool

{NEEIEIE B

Set the foreground and
background colors
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DAQ Hardware Examples

NI TC-01 Thermocouple Temperature Measurements

We will use this —»
device
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NI USB-6008 I/0 Module
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Analog/Digital Inputs/Outputs

Note! The DAQmx Driver is needed in orderto use them inside LabVIEW!!



DAQ Data Acquisition — “mmiesview:

sors, etc. £
PC- BAS D DATA ACQUISITION
(4 )
? INPUTOUTPUT SIGNALS HARDLWARE SOFTWARE
ANALOG —
IIIII
DIGITAL R @)
COUNTERY ?fg? N Fq * —
TIMER \2.2/ — L
g 3333333333 33933333333333°0

SENSORS g - @ DATAH RCQUISITION APPLICATION BND

I HARDWARE ‘ 2 , DRIVER SOF TWARE

A DAQ System consists of 4 parts: 3 . .
NI TC-01 Thermocouple Device NI DAQmx Driver

1. Physical input/output signals, sensors
2. DAQ device/hardware

3. Driver software

4. Your software application (Application software)

or
NI USB 6008 DAQ Device
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Using TC-01 in LabVIEW
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TC O 1 Hogskolen i Telemark

How-To use TC-01 with LabVIEW

Connect device to
PC using USB
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NI TC-01

Temperature (Thermocouple) Device

Used to log Temperature Data using the LabVIEW software

DAQmx Driver needed!

1 USB Cable 3 Thermocouple Input
2 NI USB-TCO1 Device 4 Minithermocouple Connector

The NI USB-TCO1 provides connections for one thermocouple. Thermocouple types J, K, R,
S, T,N, E, and B are supported. At TUC we will use the J type.



Getting Started with TC-01

The following window should pop up automatically when you plug in your NI USB-TCO1
device in your USB port (if not, select “TCO1Launcher.exe”):

Wi National Instruments [ 3 |[===-]
NATIONAL
NI USB-TCO1 "7msrnummrs
NI USB-TCO1
g Temperature Logger
& Themocouple Measurement Device from National Instruments.

!’”:H.. LabVIEW Example
""" Temperature Logger
Do More with your b
o NI USB-TCO1

Curmrent Readi
Thermocouple 2o

Type
Configuration 23.,1°C E J E

Device Information:

Serial Number: 0x016318BA

Fimware Version: 1.0.0f1

Device Support >> = 2010 National Instruments. All rights reserved.

ﬁ Students: Plug in the device into your USB port and see if this window appears




NI TC-01 Built-in Temperature Logger

pr
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Temperature Logger

Built-in Temperature Logger (No Driver or programming needed)

¥$# NI Temperature Logger: 0x016318BA [ | >
e NATIONAL
NI USB-TCO1 Teperature Logger "INSTRUMENTS'
Device:Ox016318BA 30.2 o
J 28 —
O 26
< T —
= 24 —
Log Data g
Log File Directory E’ 22
m:\HiTfiler\My Documents =7 =
20 —
18.1 1 1 1 1 1 1 1
14:09:27 14:09:37 14:05:47 14:09:57 14:10:07 14:10:17 14:10:27
cu Reading Time (seconds)
Download additional
applications
= 2010 National Instruments. All rights reserved.

Students: Test the Built-in Temperature Logger, Log Data to File, etc.



MAX — Measurement & Automation Explorer

<

NI USB-TCO1 "Dev1"” - Measurement & Automation Explorer

) |

File Edit View Tools Help
a B3 My System
[§l Data Neighborhood
4 &8 Devices and Interfaces
ASRL1:INSTR "COM1"
ASRL2:INSTR "COM2"
"= EIRTOT NSTR EP T =
I [B® NIUSB-TCO1 "Devl”]|
& = oY e DTiCES ——
44 Scales
53 Software
B3 Remote Systems

L T I T T T T T R R R RROT T NN
H Test Panels... ‘ I{a% Create Task... &% Configure TEDS... > Hide Help
N
g3 Back B
Settings
NI-DAQmx Device
Name Devi Basics
Wh Yy 2
Vendor National Instruments vhat do you want to do
— PRun the NI-DAQmx
Model NI USB-TCO1 Test Panels
Serial Number 016318B4
Test Panels : NI USB-TCO1: "Dev1”
Status Present
Analog Input

=] Settings

Attributes

annel Name Rate (Hz. Amplitude vs. Samples Chart

Start

Auto-scale chart

M stop

Students: Make sure that your device canbe located in MAX. Run a “Self-Test” and
use the “Test Panels” to make sure the device works properly.




Data Acquisition Palette in LabVIEW

Functions Palette: “Measurement |/O” -> “NI DAQmMx”
For more “advanced” DAQ we use these functions

DAQmx - Data Acquisition [%]
oip GL Search | a2 View ™

e —————
| TASH [+ [CHAH |~ ¥ ~
AR DOoOC DO vm
Task Const Channel Const  Create Channe Read Write Wait
| DA mx | | DAC M | DACmx | DAC M | l:-ﬁ-:
. P = _
For basic DAQ we use L (= (5% {55
the ) AQ Assista nt Timing Triggering SEare Stop ear
=] [=<] [ 1T ] [=<] =<
=) —+FL ?
Timing MNode Triggering MNode Read MNode Write Node
. > S > | 3
D 2 o 3¢
Real-Time Dewv Config Task ConFigfCtrl Advanced

‘ Students: Make sure that you have this palette installed. If not, install the latest
DAQmx driver!



LabVIEW DAQ Assistant

>

|
DAQ Assistant

data >
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When you place the DAQ,
Assistant on the Block
Diagram, a Wizard
automatically pops up
where you configure what

you want to do, i.e., if you
want to Read or Write

Data, Analog or Digital
signals, which channel you
want to use, etc.

e

Create New Express Task...

NI-DAQ

DAQ Assistant

Select the measurement type for the
task.

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.

NATIONAL
INSTRUMENTS™

i= Acquire Signals ] <

= Analeg Input
©% Voltage

= Temperature

m

le Iex Thermistor

j¢ RTD

i Thermocouple

lz Vex Thermistor
Strain

Current

Resistance
Frequency

Position

e BT @ ¥

Sound Pressure -

Back MNext > Finish

Cancel




NIDAG - 1 Select Input/Output Type

DAQ Assistant

=@ Acquire Signals i =

Select the measurement type for the

task. = AnalogInput

A task is a collection of one or more virtual
channels vith timing, triggering, and other ©% Voltage

i [ ]
r .
properties = Temperature
To have multiple measurement types
vithin a single task, you must first create lt Iex Thermistor
the task with one measurement type. After
you create the task, click the Add —-—— - *—m’& -——— e - -

m

Channels button to add = new i
measurement type to the task. [ §¢ Thermocouple = ‘a | &
.
-—— - -—— T | DAQ Assistant =
~ VT VS R —— Set Properties |
© Strai D o S +
e rain Undo Run Add Chan
&j Current |5 Express Task |2 Connection Diagram | Back
fs Resistance T o = Measuring E
| Frequency Temperature o Temperature with
a Thermocouple
Position A thermocouple is created
— when two dissimilar
Sound Dreccuir metals touch, and the
contact point produces a
Create New Express Task... Table [~ ]| pisplay Type small open-circuit
voltage that corresponds
to temperature. =
- Thermocouple B
- NATIONAL .
NI DAQ Se I ect C ha n nel ﬂmmmy' Configuration | Triggering | Advanced Timing | Loaging | TS3surernents require
DAQ Assistant junction temperature
- where the thermocouple
= vire is connected to the
-~ WS Physical ‘ Detais Thermocouple_Se:u& —— - Tleasgremens system:
_ Therefore, signal
Select the physical channel(s) to ——————— Temperanre A Er'Setings S Commaction secessorias
add to the task. P T Ty T 1 ! 1 should include an
. . Signal Input Range accurate cold-junction )|
If you have previously configured =} Devl (USB-TCO1) I - P - I sensor, and should be
global virtual channels of the l Max 100 1 designed to minimize
same measurement type as the J [=] any temperature
task, click the Virtual tab to add bt L L L L L L L L L L | Min o 1 gradients between the
or copy global virtual channels to cold-junction sensor and
the task. When you copy the I thermz:‘j“'p‘e vare
global virtual channel to the Thermocouple Type i connactions.
task, it becomes a local virtual 3 Other signal conditioning
channel. When you add = global 1 requirements include ~
virtual channel to the task, the = CIC Source I
task uses the actual global Click the Add Channels button N Buitin  [+] v
virtual channel,»and any changes (+) to add more channels to --——-——-——-——-———q' [ -
to that global virtual channel are e tock: CIC Source specifies the [
reflected in the task. - source of cold-junction
If you have TEDS configured, e — .
click the TEDS tab to add TEDS - = e Constant—The cold-
channels to the task. I Acausition Mode junction temperatura | =
For hardware that supports - 1 Sample (On Demand) £ 3] 100 1 i cac vatue.
multiple channels in a task, you p ]
can select multiple channels to - ® Built In—A CIC
add to a task at the same time. <Ctrl> or <shift> dlick to select multiple channels. channel built into the | 1
> terminal block is
used.
e Ch 1 virtual R
Z




Read Data from TC-01 Device

File Edit View Project Operate Tools Window Help
o || ||| |27 |wal@® 7 | 15pt Application Font |«
While Loop

You create the Numeric
Indicator on the Front Panel

|

DAQ Assistant [Numeric Indicator]

data __ »

N7

‘Students: Create this Example and Run the Program
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File Edit View Project Operate Tools Window Help

[2>[&2] @)1 ][ 15pt Application Font |~ |[$o~ |[Ga~ |[¥2~ | [~ | [+ search Q] @E

Plotting
Temperature

Thermometer Waveform Chart
40- 40 Plot0 |/

28—
26—
34-
32—

. z
§ 27.5-
28- 5
26— = 9
24— 8 22.5-
= E i a a
17.5-]

Time (s) B st

Window Help
,;J: 15pt Application Font |~ ||§p' ”'.'ﬁ:,vl < I 2|

While Locop

Thermometer
Al
> »
> DEL
: -==
> » 7z SN Waveform Chart
DAQ Assistant [ Convert fromDynamic Data
da\fa < =) 7 e
\ — -

Students: Create this Example
and run the program

Stop Button

---------------




Plot Configuration

In most cases it is recommended
that you turn off “Autoscaling”

Click on the axis to set Min
and Max values

ﬁStudents:Try this.

Waveform Chart

Plot0 |/

25,45
25,445-
25,44~

Marker Spacing

S )

Formatting...
Style
viap pln g

Swap Sides
Duplicate Scale

Properties

O R B L B L I I o L T B A A B R B S B R |
25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100
Time

-




Clear Plot Contents

rivwwv l/ v
Waveform Chart L—J
[ 25,055 ]
25,05~ Visible ltems »
25,045 Find Terminal
25,04~ Change to Control
25,035
e ﬁ Make Type Def.
25,025- Description and Tip...
w
'é 25,02 Create >
'_g. 25,015+ Replace >
< 2501- Data Operations > Reinitialize to Default Value
25,005 Advanced > Make Current Value Default
25 ) Fit Control to Pane Cut Data
24,995- Scale Object with Pane C_opy B;ta
24,99- X Scale > D
24,985 . .
] Right-Click | s — ) =
4 ranspose Arra) N
24,975-,  Autosize Plot Legend 1
0 Stack Plots 100
{ Chart History Length...
e o Stop Button
Properties . Stop I

‘ Students: Try this.




Waveform Chart

Plot 0

£ Chart Properties: Waveform Chart X

S A . Appearance  Display Format ~ Plots  Scales  Documentation  DataBin ¢ | »
. - XIS ( dling ...
25,44~ r/\,\_\w > Time (X-Axis) S
25,435~ ¥7) . ” . Name Time
25,43 HOW -l O Sho Rea I-TI me On X- AXIS Show scale label [ Autoscale
25,425- Show scale 0 NOte ! erll’lli&is in
- D Log Secon@simm
%_ 25,415~ L) inverted Scaling Factors
E 25,41- [J Expand digital buses 0 Offset
25,405 Multiplier
25,4+ nart . eb Grid Style and Colors
25,3951 15-] A\:L Major tick T Major grid
25,39+ 15 Bl Minor tick T Minor grid
25 385- ‘ . Marker text
25,38'|| - % Dtﬁ O gnore waveform time stamp on x-axes
0 5 10 1 S 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 8
Time A ﬁ oK Cancel Help
= - - .
25,42- Right-¢lick and select Properties
Make the x Scale show Real Time 25415-
25,41-
25,405
Note! For TC-01: o
Max 4 samples per 5
25,39+
second (see Data 25385

Sheet)

Note! This is in milliseconds

@ Stude

6

nts: Try this.
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e [ob- [

Class Name
Owner
Owning VI

Bounds
" Numeric Indicator Position
DAQ Assistant

data 4

(= Blinking

Caption
Control Index
Data Binding
DataSocket
Description
Make Type Def. Disabled

Visible Items »
Find Indicator

Wait (ms) Hide Indicator Focus Key Binding

Change to Control Indicator

Change to e Key Focus

Numeric Palette
Constant

Data Operations Control

Advanced Indicator

o View As lcon Local Variable
Reference
Properties

Property Node )

Invoke Node Active X Scale
Active Y Scale
Autoscale Delay

Frame Color
Palette

Plot Area Bounds
Plot Area
Scale Legend
Transpose Array

X Scrollbar Visible
Y Scale

Active Plot
Digital Display(s) Visible
Digital Display(]

Ignore Attributes
Legend

Plot

Update Mode

History Data

dow Help

[fo ][ [

% ProEertx Nodes

Built-In Mouse Wheel Support

Reference

Class ID
Class Name
Owner

Owning VI

Bounds
Position

Display Format
Editable
Flipped

Format String
Mapping Mode
Marker

Marker Colors
Range

Style

Tick Colors
Uniform Marker Spacing?
Visible

Expand Digital Buses
Grid Colors

Loose Fit

Marker Values[]
Name Label
Offset and Mul
Scale Fit

Unit Label

Here we will learn to set Properties
from LabVIEW Code instead of
setting them in the Property
Window, etc. This is very useful!

13

All Elements

Multiplier
Offset




Here we have used “Property Nodes” in order to set
proper scaling on X-Axis and clear the Chart

E3 plotting Example.vi Block Diagram

= O X
File Edit View Project Operate Tools Window Help
= b €=
I"| Search A l 2
A

> | |f:]@ |Lou]lﬁ’ ) | 15pt Application Font |~ Hggv ”'-'l']:.v | I@v ]

v q Numeric Indicator
DAQ Assistant

\ﬁlaveform Chart" data R F=) fiz3]
Iolp_sl;b {Scale.Multiplier = o
- » History Waveform Chart
B :

o
D

. H Wait (ms)
‘StUdentS.TrythIS. Stop Button




File Edit View Project Operate Tools

x
Window Help @
Waveform Chart ~

80— Celsius vl
Fahrenheit |~

Multiple
Plotting and
using SubVIls

Temperature

File Edit View Project Operate Tools Window Help

BTl ©[11] (0] 5] fealer -+ | [Topt Apprestion ore 1= f= =] [~ [l seon S B o)

File Edit View Project Operate Tools Window Help

2> &= @[E]l'-»ul'ﬁ’ =+ |[ 15pt Application| 2 I@_|

»
-=
4 £ AN Waveform Chart

DAQ Assistant Convert from Dynamic Data I Bundle
data 3e1)) .

= ' \

Wait (ms) Stop Button

{0

Students: Create this
Exampleandrunit




i= Convert Celcius to Fahrenheit.vi Front Panel - B
File Edit View Project Operate Tools Window SEJECt |npUtS d nd OU s
cbl@ @IEH 15pt Application Font |~ ||3;,v ”'-T]T:,v ”g _I ED~ - Su bVI

Icon that makes it easier
to understand what the

(Control) (Indicator) SubVI is doing

File Edit View Project Operate Tools Window Help

A SubVI is the same asa

function or a method used
in other languages

211>

9
TF =§TC+32
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Save Data to File (Datalogging)

File 1O : >
| - I &, Search I <, Customize~ K ﬁ >
I . - 3 :
] == ! B | '
= === = = Write To H h I k H
jBsss A=E= ) d measurement | RIGNt-Click-Properties
Write Spre... Read Spre... §Write Mea... Read Meas... ’ File
O 9. O 1 6 9% O 1 a
[nnn] = [non)
o C ci Eil E I s e 0O 0 O Configure Write To Measurement File [Write To Measurement File]
pen/Cre... ose File ormat Int... can From... Filename o
'Macintosh HD:Users:hansha:Documents: @ Text (LVM)
- : Data.lvm O Binary (TDMS)
Write Text... Read Text ... er na... Read Bln’ar...  Binary with XML Header (TDM)
- - [E= () Microsoft Excel (.xIsx)
= = Action ™ Lock file for faster access
Build Path Strip Path File Const... Config Fil... ) Sy
[ > @) Save to one file
WDMS I @ [ ) Ask user to choose file ) One header per segment
= Ask I ( One header only
TDM Strea... Zip XML A GO OCe S T—
|.A/\~F @» ( )Ask each iteration 6 oiheacers
Junnn
If a file already exists X Value (Time) Columns
Waveform ... Adyv File F... ~)Rename existing file

Use next available filename
Append to file
OOverwme file

(_)Save to series of files (multiple files)

Settings...

File Description

,One column per channel
eOne column only

O Empty time column
Delimiter

@Tabulator

Comma
O

Recommended Settings

Advanced...

OK | l Cancel

| |

Help




O 0O O Configure Write To Measurement FiIe[[Write To Measurement File]]

Filename File Format
Macintosh HD:Users:hansha:Documents: = } @ Text (LVM)
Data.lvm  Binary (TDMS)

Binary with XML Header (TDM)
/— Microsoft Excel (.xIsx)
Action ™ Lock file for faster access

@s) Save to one file e

| Ask user to choose file () One header per segment

: - /,One header only
(e)Ask only once -
! - No headers

Ask each iteration @

If a file already exists X Value (Time) Columns

/ Rename existing file /,One column per channel
/ Use next available filename @One column only
C ,Append to file ( Empty time column
@Overwrite file R
Delimiter
i ) ) ) ) @Tabulator
(_)Save to series of files (multiple files)

Comma
Settings... -

File Description
Advanced...

Recommended Settings  «  aw  w



Datalogging Example

] Data.lvm - Notepad —

©= Datalogging.vi Front Panel = =
File Edit View Project Operate Tools Window Help ]
|$ I@l @I ]| | l 15pt Application Font |~ “gpv ”'-_f];v ”g" ‘ Ii:@vi‘- 2, I o
Plot O
Waveform Chart L ° ad ]
[ 25-
‘F 24.5-
w
=
w
I de
e A~
o
E 23.5-
w
-
23-'!!'!|llll|llll|llll|llll|llll|llll|llll|llll|llll|llll|llll|
0 5 10 15 20 25 30 35 40 45 50 55 60
Time
Temperature
|24.6 - Stop ]

File Edit Format View Help

b.@@@@@@ 23.722386
8.975883 23.782507
1.973000 23.714294
2.977028 23.719689
3.975200 23.719689
4.976168 23.716991
5.974145 23.714294
6.977184 23.774415
7.977247 23.779810
8.976395 23.777113
9.976493 23.771718
1©.980489 23.763626
11.976687 23.771718
12.9868719 23.766323
13.982748 23.763626
14.9837060 23.766323
15.979765 23.763626
16.977789 23.760928
17.979869 23.760928
18.977964 23.760928
19.976963 23.758231
28.977973 23.755534
21.979671 23.755534
22.980054 23.752836
23.979137 23.752836
24.978214 23.750139
25.978157 23.747441
26.978513 23.752836

O




Datalogging Example — Block Diagram

Waveform Chart
2 £

m ’.;—{iitcrl‘r

DAQ Assistant

dai;a

—+

LC_onvert from Dynamic Datal
B2

emperature

IR}

fizz]
DELU

aveform Chart|

Write To
Measurement
File

Signals

Stop Button

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

Students: (1) Log Temperature Data, both Celsius and Fahrenheit (use SubVl) to a
‘ “Measurement File”. (2) Then Plot the Data in the File in Excel.

(3) You should also create a new VI in LabVIEW where you plot the data from the File
in a Graph and in an Array.



Read from Measurement File - Example

>
> .
' : Block Diagram
>
> >
Read From
Measurement '
File [Convert from Dynamic Datal =
- S
> E= ==
Configure Read From Measurement File [Read Fron‘* Slgna|s -
Filename
C\Work\Development\LabVIEWADAQ\Data.lvm
Index Arra I
Y aveform Graph)|
File Format
@ Text (LVM) ==
Read generic text files -t T
() Binary (TDMS)
Binary with XML Header (TDM)
| Lock file for faster access Segment Size
Action Retrieve segments of criginal size
[ ] Ask user to choose file () Retrieve segments of specified size
Generic Text File
Sample data Read File Now >
Delimiter - >
®) Tabulator 0 23.722386 ~ L >
0.975883 23.782507 >
) Comma 1.973 23.714204 o
2.977028 23.719689 >
Start row of numeric data 3.9752 23.719689 > >
-~ 4.976168 23.716991
1 s
5.974145 23.7142%94 Read From
First row is channel names 6.9771284 23.774415 R' ht I k P t Measurement
- i o 7.977247 23.77981 Ig 'C IC - rOper IeS =
[] First column is time channel 8.976395 23.777113 Flle
Decimal Point 9.976493 23.771718 "
(dot) 10.980489 23.763626 Slg na I s >
11.976687 23.771718 v
(comma) >
Recommended Settings | .. ..




Re

= Configure Read From Measurement File[[Read From Measurement File]]

Filename

C\Work\Develcpment\LabVIEW\DAQ\Data.lvm

File Format
(@ Text (LVM)
Read generic text files
() Binary (TDMS)

() Binary with XML Header (TDM)

v| Lock file for faster access

Action
[ ] Ask user to choose file

Generic Text File

Delimiter
(@) Tabulator

() Comma

Start row of numeric data
1 $
[ ] First row is channel names

[] First column is time channel
Decimal Point
(@) . (dot)

(. (comma)

=
Time Stamps
(®) Relative to start of measurement
() Absolute (date and time)
Segment Size
(®) Retrieve segments of criginal size Samples
() Retrieve segments of specified size 100 =
Sample data Read File Now
0 23.722386 ~
0.975883 23.782507
1.973 23.7142%4
2.977028 23.719689
3.9752 23.719689
4976168 23.716991
5.974145 23.7142%4
6.977184 23.774415
7.977247 23.77981
8.976395 23.777113
9.976493 23.771718
10.980489 23.763626
11.976687 23.771718 v
>
OK Cancel Help

commended Settings .




Using a Lowpass Filter to reduce Noise

S & @Y e vag || 1apt Application Font |+ | S5~ | Go~ | [~ |[4ad P ‘
. . . . . » —_— »
Function lette: Express -> Signal Analysis -> Simulate Signal ul

> 3
Filter
g A
Noise Amplitude| |
o, - [&
o ; -
DEL ] : M g »
Simulate Filter -
Frequency Signal Lowpass Waveform Chart with Filter]
‘.,-' Sine with Unifor Signal = LX°X ) B Fitor Example2.vi Eront P -
s-0 1 Frequency ; Filtered Signal #jpeeeccoeems -
L] Cut-Off Frequengy] b Lower Cut-Off T Sine with Uniform Nerse [~/
—oel 4- .08~ 0.6
L .07~ 0.4-
_ ; b 5
milliseconds to waif] Wait (ms) Stop i i £,
100 1.5- .03- o
o =
m 0.5~ .01~ o
B T S P T e P PPN
0- 0- 6.59919 7 725 75 7.75 8 825 85 875 9 9.25 9.5 9.75 10 10.2510.510.75 11 11.599
\ e @ il T Sine with Uniform Noise (Filtered) [~/
<
. . . . 0.8+
Functions palette: Express -> Signal Analysis -> Filter e
Cut-Off Frequency o 02
s £ o
E -0.2:
-0.4-
. -0.6-
Students: Create this Example.
SHbre D oD o o O D L G O CED £5 Oor ) RELtoht ity

Then Include the Filter in your Logging Application



Signal
Signal type
Sine 7]
Frequency (Hz) Phase (deg)
10.3 0
Amplitude Offset Duty cycle (%)
0
) Add noise
Uniform White Noise _;‘
Noise amplitude Seed number Trials
0.6 -1 1
Timing
Samples per second (Hz)
20000 © Simulate acquisition timing

Number of samples Run as fast as possible
2000 ) Automatic

Integer number of cycles

Actual number of samples

Actual frequency

Result Preview

Amplitude

Time

Time Stamps
°Relative to start of measurement

Absolute (date and time)

Reset Signal
Reset phase, seed, and time stamps
© Use continuous generation

Signal Name
[ Use signal type name

Signal name
Sine with Uniform Noise

0K Cancel Help

Properties

Filtering Type

Lowpass d

Filter Specifications
Cutoff Frequency (Hz)

1500 v

High cutoff frequency (Hz)

400
Finite impulse response (FIR) filter
laps

7Q

© Infinite impulse response (IIR) filter

Topology
Butterworth ﬂ

Order
1 »

Input Signal
0.6-

0.4-

Amplitude
) )
el 1

0.02 0.04 0.06 0.08
Time

(=]

Result Preview
0.6+

/
/

Amplitude

o
|

0.06 0.08

0 002 0.04

Time
View Mode
©Signals Show as spectrum
Transfer function
Scale Mode

Magnitude in dB

Frequency in log

OK Cancel

0.1

0.1

Help
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Lowpass Filter/Measurement Filter

The measured signals contains noise, so we should remove the noise usinga Filter
The differential equation for a Measurement filter may be given as:

TrYmr(t) = Y (X)) — Ymr ()

Since we shall implement the Measurement Filter in a computer, we need to make a dicrete version
of the filter. We use the Euler Backward discretization method:

X(tr) — x(tr—1)

X = T Where Tsis the Sampling Time

Then we get: ° T

Vs (i) = s Vmy (Cie—1) + 7 Y ()
Tf + T Tf + 7

or: | ¥mf () = (1 — A)Ymp(Cr—1) + aym (ti)

T This discrete Measurement Filter can be easily Tf

where | = implemented in a computer using e.g., T, < —
Iy + T LabVIEW, C#, etc. S




LabVIEW Formula Node

Context Hel
omextrcls _ Formula Node: Create and use C code

Formula Node within LabVIEW

int32 y;
if(x>=0)

input variable
[optional)

output variable
(optional)

y=1;
elsey =-1;

Evaluates mathematical formulas and expressions similar te C on the block diagram. The Exa m ple:
following built-in functions are allowed in formulas: abs, acos, acosh, asin, asinh, atan, atan2,

atanh, ceil, cos, cosh, cot, csc, exp, expm1, floor, getexp, getman, int, intrz, In, Inp1, log, log2,
max, min, mod, pow, rand, rem, sec, sign, sin, singc, sinh, sizeOfDim, sqrt, tan, tanh. There are
some differences between the parser in the Mathematics VIs and the Fermula Node.

Detailed help

=&]2] < >

p— PDBL

Students: Use the LabVIEW Formula Node.
in order to implement the Measurement Filter.
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File Edit View Project

wpass Filter

Operate Tools Window Help

Measurement Filter - Example

[E8[(=1e)

@[] [ba]=] oo [ 136t Application Font

~AEe-dE=-][o-Ee  [K][2]

Hans-Petter Halvorsen
hans.p.halvorsen@hit.no

Telerark University College

Department of Electrical Engineering, Information Technology and Cybernetics

~

Students: Implement this Example using a

Hggskolen i Telemark

LabVIEW Formula Node.

a=Ts/{TF+Ts);
iF (init==1)
{Out_k=In_k;}
else

{
Out_k=({1-a)*Out_kl+a*In_k;
H

When finished, try to log data from your

sensor with and without the Measurement
Filter. Compare the results.

P! Lowpass Filter.vi Front Panel

File Edit Yiew Project Operate Tools Window Help

o> |@I @ IE | 13pt Application Font

~ 2=~ ]Ta ][]

a =
Ty + T,

Filter Input Filter Output
A
3) z0

20

ymf(tk) = (1 —

a)ymf (tk—l) + aym(tk)




3 Lowpass Filter.vi Block Diagram
File Edit View Project Operate Tools Window Help

> (=] @ (|| ||25] [wa|B oF | 13pt Application Font |~ | [ €5~ |||

Hans-Petter Halvorsen ; >3
hans.p.halvorsen@hit.no '

Telemark University College Heogskolen i Telemark
Departrment of Electrical Engineering, Information Technology and Cybernetics

a=Ts/(TF+Ts);
if {init==1)
{Out_k=In_k;}
else

{
Out_k={1-ay*Out_kl1+a*In_k;

ilker Output
p—— PDBL




Testing the Filter

In this example we add noise to a Sine

File Edit Yiew Project Operate Tools Window Help _
[ ]&] & [wn] [reer pepicarenrore - [o-lwarlf=ml[g-2 020 —1|  fynction. We then use the Measurement
e — oo H | Filter to see if we can remove the noise
10,5
’: . ’ afterwards.
2 o,1 .
- Students: Try this Example.

Amplitude

Next: Use the Filter on your Datalogging System

File Edit View Project Operate Tools Window Help

> l@l @ IEI II.QIIE" of | 13pt Application Font

~|[2=-1[w=-1 [ [ [2]==

N

Sine Pattern.vi
<E==1

)|

v/

As you can see this gives a
good results.
The filter removes the noise
from the signal.

Uniform Yhite Noise PEByPE.vi|
CEE




B! Test of Filter.vi Front Panel

File Edit Yiew Project Operate Tools Window Help 2
4}'@' i@JIE | 13pt Application Font - ”f,nv”.”[']:v”&v”q.q | 2P ==
-~

rliot 0 Py

wWaveform Graph

TF[s] a

i) 0,5

,TS [s]

10,1

Amplitude

File Edit WYiew Project

| (3 I@I |_©|| 1] | | @ I ,@ |I,.Q|l? ' of | 13pt Application Font

Operate Tools Window Help 3

M | (5 1 [ RSN [

Sine Pattern.vi|

S

MNoise PtByPE. vi|

@ Lgn.:i‘pass Filter.vi

|

Uniform White
l:] *=D+

PR J




Additional LabVIEW Resources
Here you will find lots of Videos, Tutorials and Exercises

e LabVIEW Training for Students (National Instruments): ,

http://ni.com/students/learnlabview

e LabVIEW Course:
http://home.hit.no/~hansha/?training=labview

Learning by Doing!

It is recommended that you watch some of the videos before you read furter
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Do you need more Practice? - Select a Challenge
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Salin e Temperature Logging

1. Create Logging App:

* Log the temperature in your house e.g., during the night using the TC-01
Thermocouple device.

* Plot the temperature in a Chart

* Log the temperature to a File

2. Create Analysis App:

* Read the temperature data from the file into LabVIEW

* Find Max temperature and Min temperature using built-in functions in LabVIEW

* Find also the Average/Mean temperature and the Standard deviation using built-in
functions in LabVIEW

3. Do Analysis in Excel:

* Import the data into Exceland create a Plot
* Find Max, Min, Mean/AVG, SD using Excel

 Compare the results
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