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What is LabVIEW?

Laboratory Virtual Instrumentation Engineering Workbench
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Acquire Analyze Present
M II YV e Compiled graphical development environment
allls . . .
C_—"] * Development time reduction of four to ten times
with NI LabVIEW .

Tools to acquire, analyze, and present your data
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Project Explorer

*Use LabVIEW Projects to:
e Group LabVIEW files and non-LabVIEW files

e Create build specifications (i.e. stand-alone applications)

-~

13 Project Explorer - Weather Station. lvproj

BE=%

File Edit iew Project OQperate Tools  Window  Help

IBET] IECYE=RE I

=- '@; Project: Weather Station. lvproj
= B My Computer

. |ml Weather Station UL vi
> i!ﬂ» Determing W'arnings. i
i!ﬂ» Temperature Simulakor,wvi
- [ju] weather Station States.ct]
_4:;_' Dependencies
+% Build Specifications
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What is a Virtual Instrument [VI]7

Answer: a LabVIEW program

File Edit Yew Project Operate Tools  Window '-w ]
||H- @l “| "‘ TG
1. Front Panel > Slide - * Conn. pane
available from
User interface (Ul) o #p only
_ Controls = inputs B
- Indicators = outputs STOP
2. Block Diagram g =Stide Example.vi Blck Disgram * 2
.  * File Ei Wiew Project Operate  Tools  Window  Help
Graphical source code »[@][@[n][@]fes] b & o S
_ Data travels on wires from control =
terminals through functions to indicator Numeric Side

terminals T m
DE DE Stl:ll:l

- Blocks execute by data flow

3. Icon/Connector Pane v

e Graphical representation of a VI
* Means of connecting Vls (subVls)
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Front Panel TOOIbar Context Help
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Front Panel Controls and Indicators

Numeric Boolean Customize
" o View™ \Palette
b Modern -
| ¥ System VI ew
[ » Classic
||v Express
Murn Crrls Buttons Text Clrls
YL R
[ ] [ ] m F f-
. R I g ht C I I C k ! User Ctrls Murn Inds LEDs
String — b

Text Inds araph Indicat. ..

Receive text From | Conkrol Design & Simulation
the user here,
| » MET & Activex

[ » signal Pracessing
[ » addons
[ » User Controls

Select a Conkral. .

Display text to the user  — —
here. For large amounts = | » ision

of text, add a scrall bar, -
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Shortcut Menus and Properties Dialog

Right Click!

Yisible Ikems
Find Terminal
Change ko Conkral

L« Label
Caption
it Label

Description and Tip..

Digital Display

Creake

Replace

Data Operations
advanced

Representation
Data Range...

Formak & Precision...

Add Meedle
Scale

Text Labels

Properties
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- Appearance | Data Range " Scale " Format and Precision “ Texk Labels " Docurme B

-~ Label Zaption
Visible [ visible

|Meter

-Enabled Skate

(%) Enabled
() Disabled
(") Disabled & grayed
- Hesde 1 vl | add || Deket
| L == ] —

[ show digital displayis)

. Meedle color [ Show radx
[]show incrementdecrement buttons
Shiows value tip strip
E Ok i [ Cancel J [ Help J
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Block Diagram Toolbar
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Block Diagram o (= .
npuk g N—

t ..-.I-. easurement I
k : : I} P Instrument I,:(; :
o _ii—E b Vision and Motion
* Terminals -
p  Data Communication
* Block Diagram appearance of front panel objects o i
b SignalExpress
e Entry & exit ports that exchange information between the ML — :
=
front panel and block diagram ;% =B
nput Signal Analysis Cutput
. 4 3 B’Z'
 Analogous to parameters and constants in text- based ;HFED @| ey
programming languages b dors
b Favarites
° »  User Libraries
® WI res ;leleclt_a VL.,
b FPGA Interface
* Transfer data between block diagram
objects DBL Integer

. . Numeric Numeric Strin
* Wires are different colors, styles, and -

thicknesses, depending on data type Scalar

e Abroken wire appears as a dashed 1D Array R
black line with a red X in the middle 2D Array o RennRRRRR
- - il -
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Block Diagram: Wiring Tips

e Press <Ctrl>-B to delete all broken wires

e Right-click and select Clean Up Wire to reroute the wire

* Use the Clean Up Diagram tool to reroute multiple wires and objects
to improve readability

e  Select a section of your block diagram

. Click the Clean Up Diagram button on the block diagram toolbar (or

<Ctrl>-U)
T TTTTTTrrTTTT T P—————
N — P,
| » !.'_ = .:
| [ —
Tatal Time in Seconds i Tatal Time in Seconds = &:i.”'.-"z.efi
I 1 ]
¥ : ] el et U
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Block Diagram

]
e Nodes =
- D)
* Objects on the block diagram that have inputs and/or outputs and perform  |* "
operations when a VI runs Elapsed Time
« Analogous to statements, operators, functions, and subroutines in text- Time: has Elapsed ¢

Write To Spreadsheest File,wi

>

based programming languages

Functions

* Fundamental operating
elements of LabVIEW

* Do not have front panels or
block diagrams, but do have
connector panes

* Double-clicking a function
only selects the function —
does not open it like a VI

e Has a pale yellow background
on its icon
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subViIs

* Vlthat you build to use inside
another VI

* Any VI has potential to become a
subVI

* Double-clicking a subVI will open
it (exception: Express Vis- config.
window opens)

* |con represents subVIin main VI
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Structures

e While loops, for loops,
event structures

e More discussion later
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Common Data Types Found in LabVIEW

Boolean Skring
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Numeric Controls and Functions

e (Front Panel) From the

Controls»Modern»Numeric subpalette,

select the Numeric Control icon.

Controls

L&)

| oQf.earclﬂ | o View™ | =

¥ Modern

L Murmeric
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b System
P Classic

b

fizz] Hizon ||z:00
122 :‘l 07 iz

Mumeric Indi.. Time Stamp ... Time Stamp ...
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(Block Diagram) From the

subpalette, select the Add icon.

Functions»Programming»Numeric

X+y
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Mathematical Operations

(Block Diagram) From the Functions»Mathematics»Integration and
Differentiation subpalette, select the Derivative x(t).vi

\
Functions = [ 8 Untitied 5 Eln\maglél%_.]l&“ ool o S |

Search | oo View= | = : - - -
| S l o l = | Eile Edit View roject Operate Tools
P Programming =
P Measurement /'O ':::’ @ @ @ T:El "PEI Elﬂﬂ 5
P Instrument [/O o~
P Vision and Motion —5
¥ Mathematics by |=
b x'_?’ k - []' = == dx/dt
& = L j Crerivative x(t).wvi HE==
Mumeric Elementary  Linear Algebra RE I a 'I'%
v o v dt dHE) [T
T i d
m _[H[t];t *
Interp & Extr... Integ 8 Diff ﬁ
[ [ s
SV
Prob & Stat  Optimization Differential E... Untitled Project 2/My Computer « T
4 [ 4 [ — —
n ; i,
/E’_. Eﬂn;x'

Geocmetry Polynomial  Script & For...

P Signal Processing

* Data Communication

TVINSTRUMENTS L S A Sl W/

Knowledge that will Change your world YEHICIE & ROBOTICS ENGINEERING IABORATORY



Boolean Controls and Functions

e (Front Panel) From the
Controls»Modern»Boolean subpalette,

select the Push Button icon.

/

Controls E\A/ (=]
| Q search | & vi |
* Meodern -
L Boolean
<> w0 8| o
Push Button Rocker Vert Rocker Round LED
Horizontal T...  Vertical Teg...  Sgquare LED Slide Switch
i 1

Vertical Slide...  OK Button

o
Radio Buttons

System

Classic

Express

Control Design & Simulation
MET 8 ActivelX

Signal Processing

Addons

User Controls

4
4
4
4
4
4
4
4

Cancel Button  Stop Button

(Block diagram) From the
Function»Programming»Boolean

subpalette, select the OR icon.

Functions

| CLSearch

Cir
5 : :::::E .........

X .06 YT
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Data Flow

o Block diagram execution is 2
dependent on the flow of data

« Block diagram does NOT execute left . §| —»

"
to right G
o Node executes when data is
available to ALL input terminals _»
+:_,.ﬁkt}
o Nodes supply data to all output _
terminals when done
o 1 —>
g

o If the computer running this code
had multiple processors, these two
pieces of code could run
independently without additional
coding

3_{
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Tutorial 1: Simple Algebraic Equation

First example to show how to use labview to demonstrate a simple algebric function

10-

-

0-

y?
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Xty

0=
I3k
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Tutorial 2: Simple Algebraic Equation

First example to show how to use labview to demaonstrate a simple algebric function

X
X+
10- iy ~ 20- y
'i]l 15 -
= 10= X
:
0- e 13
12
WY
e
4[ } b5
y ]
bhzs]
2>
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Tutorial 3: Parallel Computations

y=4x-10
X A*x
10-_ 50—_
5-: 15_:
U-_ U_-l
X ,
y = 4%y
14 = —'—D WE
I3 [)5 ]
n
iz

y2=x-222 +x2-10
10 I>

X7 y-2
10—_ 200- "

5_: 150
- 100-
0- 3

g X_2

50- =

. -

0- T

X 2N2+X 2

42
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Tutorial 4: Loops

Mumeric
4 Mumeric

7]

DE|
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Tutorial 5: Case Statements

1 T 0, Default

s1

2

i
your case
you coe RS = ]
]
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Tutorial 6: Push button Counter

Touches

Push Me! |

Touches
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Tutorial 7: Control & Simulation Module

Waveform Chart

proportional gain 12- TR
13-

1_

52 09-

0.8-]

§U.?—

= 06-

£os-

0.4-

03]

0.2-

0.1-

0_

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

Step Signal ~ Summatien Gain

o—b
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Tutorial 8:
Differentia

[m x_double dot + Kx+ Cx dot = External Force|

[_double dot = (External Force - Kx - Cx_dot) /m |

[ _dot = by integration (External Force - Kx - Cx_dot) / m |

[The response]

[= by double integration (External Force - Kx - Cx_dot) / m |

Control & Simulation Loop

Equations

X_double dot

Integrator

C = Damping Factor
0

External Force

Integrator 2

K = Spring Censtant
¥

Summation

679 External Force - Kx - C x_dot|

M = Mass
v

[ = by double integration (External Force - Kx - Cx_dot) / m |

K = Spring Censtant

50
v Waveform Chart
C = Damping Factor s ‘[
:‘: 0 0.08-
External Force 007
A
5
. 0.06-1
M = Mass
E g
2
= 0.04-
5
0,03
0.02-
0,01
0-

e s e | e e s e | |
005115 225 3 35445 5 55665 7 15 8 85 0 95 10
Time
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K = Spring Constant
7y
7 50

Waveform Chart

C = Damping Factor [ T
Al 006+ [
 External Force 0055+
£ 0.05-

w’
0,045~
Jl‘M:Mass 0.04-
W & 0035
2
£ 003-
£ no2s-
0.02-|
0.015-
0.01 -
0,005~
0-!
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The Problem

 Today’s tools do not let engineering students
accomplish real projects within one semester
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The Solution

e Students need a powerful hardware / software
solution that allows them to get up to speed quickly
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What is NI myRIO

e An embedded hardware / software device designed
specifically to help students design real, complex

engineering systems more quickly and affordably
than ever before.
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NI myRIO

Onboard 3-axis
accelerometer

Xilinx Zynq FPGA and dual-core ARM
Cortex-A9

User defined LEDs

Integrated WiFI

40 channels digital I/0O
(SPI1, 12C, UART, PWM,
Encoder input)

10 channels analog input
6 channels analog output

User defined

button Stereo audio I/O

TNSTRUMENTS LIRS 5 S W/
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Additional Features

* Fully programmable FPGA through
7 NATIONAL LabVIEW FPGA

) INSTRUMENTS

e Dual-Core ARM Cortex-A9
el processor

e Expandable ecosystem of sensors
and actuators

* Ready to use projects and
courseware

* Deploy code to real-time processor
and FPGA via USB or WiFi

e Minutes to first measurement
* Processor programmable in C/C++

TVINSTRUMENTS LM TSR e cr W/
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NI myRIO Expansion Port (MXP)

Identical Connectors

4 Al MXP A MXP B

5 DIO 2 AO 1 UART
1 SP|

1 Quad Encoder

112C
3 PWMs

’\"',H?J,'&,",{;.“ELNTSW LR TS Y v cram
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miniSystems Port (MSP)

e et

Lo a)— Q VISV AGND O

% o

e e S
; Alad

Identical to NI myDAQ
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RT Template VI

" =3
{3 Main.wi Block Diagram on Untitled Project 12.lvproj/myRIO L u

File Edit View Project Operate Tools Window Help

o & OIEI|'-&:||'E' . |15ptﬁnpplication Font |- ||Emv

o~ | |@?‘ ||1"ﬁ| *| Search

You can configure the Accelerometer Express VI by double-clicking it.
You can find other myRIO Express Vs in the myRIO palette,

TOOO0 000000000
Initialize

DOO00 00000000000 0000000000 00000000000 0000000000000 000¢
Add data acquiring and processing code here Reset myRIO safely

&

Accelerometer

Waveform Chart

Stop Button

#CodeMeeded - Add
code to initialize your
user interface and
hardware here.

Oooooooooooon

OO0 0 0000000000000 000000000000000000000000000000000020
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Express Vis to Advanced ViIs Open Source

ryRIO @
| 1 I OQ,Search l 2}, Customize™ '

‘n_.r | #J'I.F
p L Ll
9 13 configure Analog Input lé]
]
MName: Analog Input
Add Channel 3 Configure Analog Input [&J
Channel Custom Channel Name —
5 — 3 This window shows the underlying code of the Express VL. L Copy to Clipboard
UART B @ 3 ASAID (Pin 3) E Maotor1
il T 4 Learn more
h
UART Onboard A/AL (Pin5)  [#] |Motor2 i
¥’ 5 é’
Lt
By e
Advanced /'O Litilities R
I
Channel Names Motor 1 (A/AID
..... =t PDBL |
e:;)ﬂrin (no error) -"' T n._.-.- ----- error out %rZ(NAH
ok ) [ Cancel ] [_rilp
] b
ok ) ([ Conca J[__riep_]

}",H?{,'&,’;{;.‘ELNTSW LR TS Y v cram W-'[
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NI myRIO Palette
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| 4 I Q.’*’nearch I %Custﬂ-mize" l
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rryRIO @
| 1 I Q Search I @\\j Customize™ i Advanced /O @
| 1 I Q Search l % Customize™ i
g Oy g Oy
S b e b nr ¥
Analog In Analog Out Digital In Digital Out _}.": _>;_> _}'1‘."_}} “ln.ﬂ;{
e B = - 1 Analog In Analog Out  Digital I/ PWM
s Pl i'G J g 9
mn BT 0] g ﬁ_l‘l_lb gpﬁ ¥ '=C=ﬂ F SERIAL] M
PWM Encoder SPI RC oo - NN
@ - %;c—" Encoder SP1 i7ls UART
|.I|'|RT||'-I|
T J«@ {_}
UART Onboard b,
% g ﬁ 3 ' Onboard
=+ *
Advanced /O Utilities Robotics Alg...
Analog Input

W/
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Connecting myRIO to your Computer

NI-myRIO-1900-msalama

Q

Serial Mumber: 03033BFD
[P Address; 172.22.11.2

Options

Launch the Getting Started Wizard
Go to LabVIEW

Configure NI myRIO

Do Nothing

TVINSTRUMENTS LM L5 B W/
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The following NI myRIO was found.

Ensure it is correct and click Next to proceed.

O NI-myRIO-1900-msalama
s/n: 03039BFD

Refresh

Back

TNSTRUMENTS LI 5 S W/
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Rename NI-myRIO-1900-msalama

Changing the name will require the NI myRIO to reboot.

NI-myRIO-1900-msalama

Mame can contain letters, numbers, and hyphen characters up to a maximum of 32 characters,
First and last characters must be alphanumeric.

Back Next Cancel

TViINSTRUMENTS LM TSR e cr W/
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Test your onboard devices

Follow the instructions to see the NI myRIO onboard devices working.
Z-fxis

: K2

-—

L " I~ * - J

U 0.18 ‘] [‘ -0.03 |] [‘ 0.93 |] X Toggle the buttons

g g 9 ! above to change the
Rotate or shake the NI myRIO to LEDs on the NI myRIO.
seethe X, ¥, and Z acceleration
values change.

ff‘-- -\
Press the button on the NI myRIO to .)
see the indicator light up. k

TNSTRUMENTS LI 5 S W/
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Start my first project now [Recommended]

Congratulations!

NI-myRIO-1800-msalama is ready to use!

Start my first project now [Recommended)]

Program a basic application with guided help.

Go straight to LabVIEW

You can always access video guided tutorials threugh ni.comy/leam-myric.

TVINSTRUMENTS L S A S W/
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Choose Environment Settings

e Choose LabVIEW for myRIO. Eemm=mm W =9
T LabVIEW

L]
. I h e n C I I C k Sta rt La bVI EW ° There are different environment settings available for your LabVIEW development

systemn. Each environment name listed below applies a predefined cellection of
settings that allow you to focus on specific development activities. Select an

envirenment name to specify the settings that you want to use for this session of
LabVIEW.

You can change the environment settings at any time by selecting Choose
Environment Settings from the Tools menu.

Choose your environment settings:

Click on an environment name below to see its description,

LabVIEW - Description:

LabVIEW for myRIO

! The LabVIEW for myRIO envirenment
LabVIEW Robotics

provides access to wizards,
customnized palette views, and other
resources useful for developing
applications for the myRIO target.

[7] Make this my default setting.

The dialog box will not appear at launch time if you have a default environment
setting.

Start LabVIEW | | Exit

TVINSTRUMENTS L S A Sl W/
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Part 1: Creating a myRIO Project

* (Click Create Project
from the Getting
Started window of
LabVIEW

y NATIONAL

INSTRUMENTS

File Operate Tools Help

B LabVIEW myRIO (

|/—Dj Create Project | ‘/—D) Open Eﬁ(iéting I
\ ot R |

Show | Al v

myRIO Project My First NI myRIO Program lvproj

4+ Set Up and Explore ¢ |4y Do a Project
St up and leam how to use NI myRIO! T See examples and get inspired!

!:.3 LabVIEW News \ Introducing the LabVIEW Intra iPad App for Beginners

“THE UNIVERSITY OF
ALABAMA AT BIRMINGHAM
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Part 1: Cont’'d

* Select Templates>>myRIO
and then select the myRIO et e

Al Blank Project Templztes
Templates @ Creates a blank project.
o [ G
P t template in th
RIO
rOJ ec e p a e I e Eybum MyRIO Project Tempistes
Sample Projects % Creates a new project for controlling your myRIO. This template uses code written with the

VIEW for myRIO M 5
CompactRI0 LabVIEW for myRIO Module. More Information

Project List. =

% Facilitates customizing the myRIO FPGA personality. This template uses code written with the
LabVIEW FPGA Module. Mare Information

Next Cancel Help

TVINSTRUMENTS L S A Sl W/
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Part 1: Cont’d

e Enter My First Nl myRI0 Program under
Project Name.

 Under Project Root, specify the
directory into which you want to
save the project. labVIEW will
place all the project files and Vis
in this directory.

* |n Select Target, select the NI
myRIO that you connected to
your computer.

e C(Click Finish.

INSTRUMENTS

Knowledge that will change your world

Configure the new project:

Project Mame
My First NI myRIO Program

Project Root

Ci\Users\msalamal\ Documents\LabVIEW Data\My First NI myRIO Program

File Name Prefix (Optional)

Modify VI lcons

., =
E
Edit Overlay
Select Target

® Plugged into USB
() Connected over WiFi

() Generic Target

fi'Spec\ﬁc IP Address or Hostn

“THE UNIVERSITY OF
ALABAMA AT BIRMINGHAM

i

B N1-myRI0-1900 msalema (17222.11.0)

ame
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Part 1: Cont’d

 Explore the Project Explorer
window. If you want to learn more
details about this myRIO project,
open myRIl Project Documentation.htm
under Project Documentation.

* You have successfully created a
myRIO project. Proceed to the
next tutorial to learn how you can
create applications based on the
myRIO project.

LIS} THE UNIVERSITY OF
INSTRUMENTS' ALABAMA AT BIRMINGHAM
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File Edit View Project Operate Tools Window Help

ltems | Files

= [l Project: My First NI myRIO Program.vproj
e 8 My Computer
['__,.l Project Documentation
:ir_ Build Specifications

bl Mainwi

- % BuildSpeci  Add 4
Utilties 4
Deploy
Deploy All

Deployment Status

Initializing...

Calculating dependencies..,

Checking items for conflicts. This operation could take a while...
Preparing items for download. This operation could take a while..

Deployment Progress
-




Part 2: Testing the Accelerometer

NI myRIO contains an onboard accelerometer that

can be used for general orientation and acceleration

measurements. ettt s e

M| 15 Asglcabion Fomt |« L-* -I!_;‘ =

The myRI0 Project template acquires accelention data from the onboard accelerometer and displays
fha 'h-ﬂ:_pi. ol & ralerahinn valyss in & spsbprm e har

e Open Main.vi from the
Project Explorer window | .. 2
of your myRIO project. By | “
default, LabVIEW opens

the front panel of Main.vi. }

The front panel is the s

user interface of a VI. ..
[y First N R0 Prograrm. vpeey myf00) «

)’ﬁ,’:,‘?};?,“.{,?&msw LI S S T hcram
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Part 2: Cont’d

e Press <Ctrl-E> to switch to
the block diagram. The
block diagram contains

the graphical code of a VI. | :

This VI uses the Accelerometer .
Acceleration

Accelerometer Express VI %@

to read acceleration - .

values from the onboard — L

accelerometer and uses
the waveform chart
indicator to display the
acceleration values

}",H?{,'&,’;{;.‘ELNTSW LR TS Y v cram

Knowledge that will change your world




Part 2: Cont’d

e,

ﬂ Configure Accelerometer - Onboard Device [ ot

 Double-click the Accelerometer - »
Express VI to display the
Configure Accelerometer dialog

box. 7)2-Ads

e Press <Ctrl-H> to display the Y
Context Help window. You can | H/
move the cursor over options in A>3
the dialog box and learn basic \/><
information about the options '

from the Context Help window.
Most objects in LabVIEW display
context help information.

e Click OK to apply your o |
configuration.

,\'ﬁ,’:,‘?{.'&,‘;{,i‘émsw LI S S T hcram
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Part 2: Cont’d

e Press <Ctrl-E> to switch to the front panel and click
Run. Rorate or shake your NI myRIO to see the
changes of the X, Y, and Z acceleration values on the
waveform chart. =

e Click Stop.
e (Click File>>Save.

K-Ang
125+
I-
%=
05-
025+ \
< - ;
05- , J "N
05+, |
14881 1681
Samples

¥-Anig .

- has

cceleratson (g

Yop

,\'ﬁ,’:,‘?{.'&,‘;{,i‘émsw LI S S T hcram
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Part 3: Testing the LEDs

e Inthe block diagram window
of Main.vi, click View>>
Functions Palette. You can

find all the myRIO Vls and

LabVIEW functionality on the
Functions palette.

e Select
Functions>>myRIO>>0Onboard
Devices to locate the LED

Onboard Devices

@ q Search

€}, Customize™

Accelerometer

LED

2

Button

Express VI.

e Click the LED Express VI and
add it to the While Loop in

Main.vi.

LR UNIVERSITY OF
INSTRUMENTS ALABAMA AT BIRMINGHAM

Knowledge that will change your world




Part 3: Cont’d

* |n the Configure LED dialog [pesmesss =
box, select the LEDs you e
want to test and click OK. in | *™
this tutorial, we will test all
four onboard LEDs.

iew Code 0K Cancel Help

‘7 NATIONAI. “THE UNIVERSITY OF
’ INSTRUMENTS ALABAMA AT BIRMINGHAM
Knowledge that will change your world



Part 3: Cont’d

e Right-click each block
diagram input of the LED
Express VI and select
Create>>Control to create
Boolean controls for the four
LEDs. You can click a Boolean
control to toggle between the
TRUE and FALSE states, which
determined the ON and OFF
states of an onboard LED.

}'ﬁ,’:‘,?{.'&,".{;}émw LI S S T hcram
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Part 3: Cont’d

e Press <Ctrl-E> to switch to
the front panel. You can
arrange the four Boolean
controls in a layout that you

like. -
* (Click Run.

* C(Click the four Boolean g 5% P | |
controls and see the status

changes of the onboard
LEDs. 2 B 2

e C(lick Stop.
e C(Click File>>Save.

,\'ﬁ,’;‘?{.‘&".{,‘;‘ELNTSW LI S S T hcram
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Error checking in LabVIEW

e Right now Main.vi stops if the
Accelerometer Express VI returns

an error. You need to add code to
handle errors that the LED

e
"
¥ ¥

Accelerometer

Express VI might return. You can

use the Merge Errors function,

available by selecting

Acceleration
; oed | @ Stop Button
——~—— L}> . ‘@
TF

Functions>>Programming>>Dialo

g & User Interface>> Merge
Errors, to merge errors from the
Accelerometer and LED Express

Vls.

 Error checking is important
because it can tell you why and

where errors occur.

"7 NATIONAI— “THE UNIVERSITY OF

INSTRUMENTS

Knowledge that will change your world
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Part 4: Testing the Button

* |nthe block diagram window

of Main.vi, click
View>>Functions Palette and

SEIect Onboard Devices -
o 1@ l:lz,Seard:h t53;:,lC|..|:f.1:n:wru:v.=.'

Functions>>myRIO>>0Onboard

Devices to locate the button

Express VI.

e Click the button Express VI and
add it to the Whil Loop in
Main.vi.

\"'.,':.‘?I.'{{,".{:;‘ELNTSW 7. YA It

Knowledge that will change your world
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Part 4: Cont’d

* In the Configure Button ——— —
dialog box, click OK to N
enable testing the user o 0 e o o s, e THL b bl

FALSE otherwise.

b u tto n Debouncing is not required.
L]

View Code oK Cancel Heip

}'ﬁ,’:‘,?{.'&,".{;}émw LI S S T hcram

Knowledge that will change your world



Part 4: Cont’d

e Right-click the Value output of
the Button Express VI and
select Create>>Indicator to
create a Boolean indicator for
the user button. The TRUE
and FALSE states of the
Boolean indicator represent
the ON and OFF states of the
user button.

e Rename the indicator as
Button.

e (Optional) Add error checking
for the Button Express VI.

’\"",Ng,'{l’,",{;}émsw LR TS Y v cram
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Part 4: Cont’d

e Press <Ctrl-E> to switch to
the front panel and click
Run. =

* Press the user button on the
NI myRIO and observe the L P O

3051 1%

state change of the Button e

LEDD LED LED? LED Button s

indicator. ®*®o &
e Click Stop.
e (Click File>>Save.

\"'.,':.‘?I.'{{,".{:;‘ELNTSW 7. YA It
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Good job! You have successfully created a myRIO project and
tested all the NI myRIO onboard devices. You're ready to get
started creating applications of your own!

e Helpful resources

e myRIO Module Help

e You can access this help file by selecting Help»LabVIEW Help from
LabVIEW.

e Templates and Sample Projects

e You can customize templates and sample projects according to the
needs of your application. In LabVIEW, select File»Create Project to
display the Create Project dialog box. Look for the templates and
sample projects under the myRIO categories.

TNSTRUMENTS 7. YTl S W/
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Tutorial: Photo Cell Demo

See the "Photocell” chapter of the
"MI myRIO Project Essentials Guide” for
operating instructions and more infoermation:

PhOtoce” demo http://fwww.ni.com/myrio/project-guide

Photocell Rx [kohms]

= = Target device = myRIQ

— T
July 31, 2013
B/ATD: Vi [V]
& /
!

|10 f Wait (ms)
E_[ohms] e B/AID: W [V] '
B | | e

Analog Input VDD [V]

B/AID (Pin3) »
[j—:sc] error out ¥ b.

|l Stop

R [ohms] Pheotocell Rx [kohms]
@ b El Simple Error Handler.wi

Reset myRIC.vi
ooy myRl0

TVINSTRUMENTS L S A Sl W/
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Introduction

* Control design is a process that involves developing
mathematical models that describe a physical
system, analyzing the models to learn about their
dynamics characteristics, and creating a controller to
achieve certain dynamic characteristics.

e Control systems are traditionally modeled as block
diagrames.

TNSTRUMENTS 7. YTl S W/
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Introduction

e CD&SIM contains a control and simulation loop,
which is essentially a while loop with additional
functionality for controls running in the background,
including various ODE solvers.

® O n Ce a CO nt ro | | e r {;E:ErcT%EZSIE»IutiDn.vi.Bmck Diagram . =)
has been ana |y5 ed — BEEREE e S s .
. . . Control & Simulation Loop
in simulation, the e T e s
simulated plant can e [E T | > e =

o = Injegral Gain _ Integrator ' }
be replaced with B>
actual I/O pins.
,\'ﬁ,’:,‘?{.'&,".{,‘i‘émsw LI S S T hcram
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Example 1: RC Circuit Modeling and
Simulation
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Develop a simulated control system that executes
on the development machine

* Create a simple Pl controller to control a voltage
across the capacitor.

 We will model the RC circuit using a simple 15t order
transfer function.

 The input is u(t) and the output is y(t).

e RC circuit time constant = 2.5.

Example: 1% Order Mechanical system Example: 1°' Order Electrical system

— ¥(1)

R -“r -,
u(t) —» m “ . } HC ( S) — - ;

by(t) ¢_(-) O C | O

,\'ﬁ,’;‘?{.‘&'}{:ﬁ%msw LI S S T hcram
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Steps

1. To save time we have provided a starting point for
the application. Select File» Open Project and
navigate to L\ME360\Section2C\Lecture\LabVIEW
Lecture\Lecture 3\RC circuit\RC circuit.vi.

2. This will execute the VI on the development
machine rather than the myRIO.

3. To execute on the myRIO, select File>> RC
circuit.lvproj when the myRIO is connected to the
computer machine using USB cable.

TNSTRUMENTS 7. YTl S W/
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Front panel and Block diagram

Set Point
T
P Waveform Chart
3\ /? 1 1 1
) 25+ [ - as
2- -8
7
4 =G
w
0" 10 51.5—
P E 4
<
vl 05-
I L T T T O O Y SO S
0: 1 2 3 4 5 6 7 & O 1D
ey o Time

Control & Simulation Loop

Summation Surmnmation 2 ransfer Function

& >4

Gain 2 Integrator

Halt Simulation

YENICIE & ROBOTICS ENGINEERING LABORATORY
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Steps

 The application is now complete. Save the
application, switch to the front panel, and click Run.
Remember that this application is now running on
the host processor.

 While the application is executing, try interacting
with the set point control and experimenting with
the control gain values.

TNSTRUMENTS 7. YTl S W/
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Results

Using the modest default gains
(P=h; |=2)

1344 1375 14 MBS 1T5 15 15251551575 16 16251651675 17 251751775 18 1644
Tima

Increasing P causes a faster response, but can cause instabilities and oscillations
(P=50, |=2]

3
175+
25+
L5+
2]

135
% 15-
1.5~

1~

3.7+

D3+

y NATIONAL b

™ 1 R L TR A [ o o et T P
INSI RUMEN I s (7] 7 135 75 TTS 8 835 45 BIS D D35 DS D35 1010351051075 1 1128 1164

Tine



Results

Increasing | decreases steady state error, but can increase overshoot and settling time

(P=4, 1=10)

Timm

o-r - " " N " " N " o " .
178 1 235 25 235 3 32535335 4 o5 45475 5525 55575 § 635 65 6™

NATIONAL THE UNIVERSITY OF
< LM 56 AMA AT BIRMINGHAM
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Develop a simulated control system that executes

on the myRIO processor

* Select File» Open Project and
navigate to
L\ME360\Section2C\Lecture\Lab
VIEW Lecture\Lecture 3\RC
circuit\RC circuit.lvproj.

* Right click on myRIO to connect.

 Double click on RC circuit.vi to
deploy the code on myRIO
Processor.

Knowledge that will change your world

i3 RC dircuitlvproj * - Project Explorer Iilﬂléj

File Edit View Project Operate Tools Window Help

[t Se | x B x|SR R o

lterns | Files

=} ﬂ_gg, Project: RC circuit.lvproj

— i My Computer

+J Project Docurnentation
_';:? Dependencies
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PID Control

* Proportional Integral Derivative (PID) is one of the most
commonly used control algorithms due its ease of use
and minimal required knowledge of the system or plant
to be controlled.

 National Instruments provides ready-to-run, advanced
(PID) control algorithms with the NI LabVIEW PID Control
Toolkit. Combined with the LabVIEW Control Design &
Simulation Module, the LabVIEW PID Control Toolkit can
help you simulate and tune your PID controllers without
implementing them in real-world systems, thus avoiding
possible problems such as instability during application
development.

TV iINSTRUMENTS LI S ricnan | [ EU
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Objective

e |n this tutorial, learn how to use the LabVIEW PID
Control Toolkit with the LabVIEW Control Design &
Simulation Module and design the PID gains for the
position controller of a DC motor in a Real-Time

system.

,\'ﬁ,’;‘?{.‘&'}{:ﬁ%msw LI S S T hcram
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DC Motor Modeling

* In this tutorial, we will design the velocity controller
for a DC motor. For the sake of simplicity consider a
basic transfer function for a DC motor where effects
such as friction and disturbances are being
considered:

O(s) L
V(s) o2 (]R+B ) BR+K2

\"'.,':.‘?I.'{{,".{:;‘ELNTSW 7. YA It
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DC Motor Modeling

e Where
e ®(s)is the angular velocity (rad/sec)
e \/(s) is applied voltage (V)
e Jisthe rotor inertia (9.64E-6)
e Ris the rotor resistance (3.3 Q)
e Kisthe torque constant (0.028 N-m\A)
e Listhe Inductance ( 4.64E-3 H)
 Bis the Friction Torque Constant (1.8E-6 N-m-s)
TV iINSTRUMENTS LI S ricnan | [ EU
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DC Motor Modeling

e If you replace the numeric values, you get the
following transfer function:

3.5276 10°
5241591465 + 109711

Gis)

e Your goal is to implement a PID algorithm that is
going to run on a Real-Time controller with a loop
rate of 1000 Hz (0.001 second period).

TNSTRUMENTS 7. YTl S W/
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Step 1

e Start by opening the LabVIEW Development
Environment and navigating to the Block Diagram.
On the Functions Palette, select Control Design &
Simulation->Simulation->Control & Simulation Loop
then click and drag to size and create a Control &

S' I t' L w Control Design & Simulation
imulation Loop. e
2
ignal Genera... Signal Arithm. ..
2
Graph Utiities  Continuous Li... Norlinear S\)s... \
: | ey
iBe
Discrete Linéu. Utilities Trim & Linearize
» b b
ER

7 N ATION AI. Lookup Tables  Optimal Design Estirmation
"INSTRUMENTS’” L

Figure 1. Create a Control & Simulation Loop.
Knowle¢



Step 2

e Again on the Simulation subpalette,
select Continuous Linear Systems
and click once on Transfer Function
and once inside the Control &
Simulation Loop you created
previously. This places a Transfer
Function block inside the Control &
Simulation Loop. Now double-click
on the Transfer Function block to
input the transfer function
parameters.

,\'ﬁ,’;‘?{.‘{{,“.{,‘;‘émsw LI S S T hcram
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¥ Control Design & Sirmulation
L Simulation

L Continuous Linear Systems

Conkinuous O,,, Continuous K.,

Figure 2. Select a Transfer Function.
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Step 3

& Transfer Function Configuration

Palymorphic instance Feedthrough
SISO |V Indireck
Parameters )
Parameter Name Yalue A
[ Varsteruncion |
| B reset? False
&
<| I | (2]
Preview
3.5276E+6
His) =

52 + 1591.46s + 109711

Parameter Information

Parameter source _
Configuration Dialog Box | ae

=g = =

Model Dimensions
Inputs Outputs

1 1

Current Input Input-Output Model

X

0 E

Current Oukput

0

MNumerator

b b1 b2 b3 be bS bé

3527600

A E3

Denorminator

al al az a3 a4 a5 ab

109711 159146 1

AT (2]
Lok || cancel || Hep |

INSTRUMEN

y NATIONAL

Fiaure 3. Input Transfer Function parameters.
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Step 4: Implement the PID algorithm

On the function palette, select the Control
Design & Simulation->PID subpalette and
drag and drop the PID.vi into the Control &
Simulation Loop.

Because the PID algorithm is going to run on
a Real-Time based operating system with a
fixed loop rate, right-click on the PID.vi and
select SubVI Node Setup.... to bring up a
configuration dialog window.

You can use this window to configure the
simulation loop to handle timing with this
particular VI.

Assume the controller is going to run at a
1000 Hz loop rate, so select discrete with a
period value of 0.001 seconds.

“THE UNIVERSITY OF
ALABAMA AT BIRMINGHAM
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B SubVI Node Setup

Open Front Panel when loaded
hiow Front Panel when called

I Arcerwards Ir origina Iy closed

Suspend when called

Simulation subVI

execution bype Discrete timing

() Continuous Period (sec)

Include minor 0,001 2

time steps
_ Skew (sec)
(#) Discrete 0 -

— »
() Initialization only

() Final step only

OK ]l Cancel H Help
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Step 4: Implement the PID algorithm

e The “D” that appears on the PID VIl indicates that it is being
handled as a discrete system.

 Run the cursor over the PID VI until you are on top of the PID
Gains Terminal (you might type CTRL+H to Show Context Help
if you cannot find it). Right-click and select Create->Control.
This creates a control on the Front Panel that you can use to
change the PID gains interactively. Finally, right-click on the
dt(s) terminal and create a constant. This should be the same
as the digital period you created previously, 0.001 seconds.

e To create an input signal, use a step signal. From Control
Design & Simulation->Simulation->Signal Generation, select
Step Signal and drop it into the simulation loop. Leave
parameters as they are configured by default.

TNSTRUMENTS 7. YTl S W/

Knowledge that will change your world VEHICIE & ROBOTICS ENGINEERING LABORATORY



Step 4: Implement the PID algorithm

PID =
mmnm*E},lJI dit H':S:J

Step Signal [PID Controller | [Transfer Function

0.001
PID gains
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Step 5: View Simulation Results

e First bundle the input (Step Signal) with the output from
the motor transfer function into a Build Array node,
which you can find on the Programming->Arrays
subpalette.

e Collect these signals and plot them on a graph on the
Front Panel.

 To do so, select Control Design & Simulation->Simulation-
>Utilities then select and drop Collector.

 On the Front Panel, create an XY Graph to display the
simulation results.

e Connect all the signals as shown in Figure 5.

TNSTRUMENTS 7. YTl S W/
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Step 6: Simulation loop

XY Graph
5

Step Signal [Transfer Function| | [Build inko Array | Collector

PID Cuntrnllerl

0.001
PID gains [[=c k=

TV INSTRUMENTS L S B W/
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Step 6: Front Panel

* If you rearrange the Front Panel elements and use

the default values, you will end up with a graph
similar to Figure 6:

PID gains XY Graph setpoint NG
proportional gain (Kc) .:‘.W &= : : : : | i
inkegral time (T, min) Jo.00000

erivative time (Td, min) <0.00000 | L e ——

] 1.4-}
1.2-|

i
2 sl

0.6-

0.4-|]

0.2-

0-

U.‘?I?S
N

Ih) 1 NVIVILIVNI J

o YN W
Knowledge that will change your world VEHICIE & ROBOTICS ENGINEERIN



Step 7: Fine-Tune the Simulation

XY Graph
2_
e Use LabVIEW native Visible Ttems
graphical capabilities to Find Termina

. . . Change to Control
improve the simulation

Description and Tip...

and fine-tune the PID g
. =1 reate [ 3
ga INS. g Replace b
Data Operations 4
* First, change axis Advanced b fhrterSpoca b
! . Fit Control ko Pane
properties to have a better Scale Object with Pane
view of the simulation Optional Plane y|  Formatting...
. . Skyle 3
results. Right-click on the Export Simplfied IMage... | ppapring ,
border of the XY Graph _ Properties
¥ Scale [ 3
and uncheck the AutoScale 7 Autosize Plot Legend T
X prope rty under the X Properties / Visible Scale Label |
—— ———eeeeee

Scale option | |
Figure 7. Graph properties. ‘
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Step 8: Configure Simulation Parameters

e Before making changes to the PID

controller, we will make the
simulation more efficient. As seen
on Figure 6 there is no need to
simulate the default 10 seconds;
the plant is fast enough so that a
final simulation time of 2 seconds
is enough. Now modify the
simulation parameters by double-
clicking on the Control &
Simulation Loop configuration
pane which calls up the Configure
Simulation Parameters dialog
window. Implement the
parameters as shown in Figure 8.

Operate Tools ‘Window Help

(9125 ol o [ o o

Double-click

B Configure Simulation Parameters

Simulation Parameters Timing Parameters

Simulation Time

Initial Time (s} Final Time (s}
0 — 10 -

olver Method
ODE Solver
Runge-Kutta 45 (variable) | NanjInf Check

Continuous Time Step and Tolerance
Initial Step Size (s)
0.01 s

Minimumn Step Size (s) Maximurn Step Size (s)

1E-10 - 1 i
Relative Tolerance Absolute Tolerance
0,001 -~ 1E-7 -

Discrete Time Step

Auta Discrete Time

Cancel J ’ Help

Lo |

Figure 8. Change the simulation parameters
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Step 9: PID Tuning

* You now can run the VI continuously and change the PID gains until you are satisfied
with the results.

e A typical procedure to tune a PID controller would be

1. Kc to 1 and Ti, Td to zero. Keep increasing/decreasing Kc until the response has
some overshoot

2. Modify Td to make the system faster and compensate the overshoot

3. Modify Ti to remove any steady-state error on the step response
PID gains XY Graph Setpoint [RRR Velocity [
propartional gain (Kc) iHU&SOﬂO

integral time (Ti, min) E.iU.OODZG

‘derivative time (Td, min) /0.00001

1 . = 1 ]
0975 1 1.025 1.05

) £l

Figure 8. Simulation results with Kc=0.38, Ti=0.00026, and Td=0.0001. -
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Conclusion

* You now know how to simulate a discrete-based PID
controller with the continuous dynamic system
behavior of a DC motor. You can apply this technique
to any kind of hybrid system where continuous and
discrete behavior is mixed. One of the benefits of the
procedure shown is that the control algorithm you
used is exactly the same as the one you would use in
a Real-Time implementation, and you can take
advantage of many of its features, such as integral
anti windup.
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