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LabVIEW Installation

You need the following Software
* 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
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Contents

Introduction to LabVIEW
Installation

Block Diagram Simulation based on differential Equations
— Simulation Loop

PID Control with built-in PID blocks/functions
Creating and using Simulation Subsystems
Simulations using a While Loop with Subsystems inside

Discrete Simulation
— Formula Node

MathScript



/

High-Level Design Tools

Configuration Textual Math

Simulation

\

Statechart

-
S e ———— ——

1c=0.285+ 0.013;;
2[XY] = meshgrid(x, y);
. 3z =X+,
> 4for k=1:30

5 z=z"2+c;
V| 6end

=

" -
.—;1"'—

—

o)
+—; @] Y

Control Monitor

National Instruments is
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= , LabVIEW MathScript - o IEl
LabVIEW = il I
This is the core LabVIEW installation that installs | - l
the LabVIEW Programming Environment. 3
= LabVIEW ( I >>:=x+y
(lDncrenteRicient | ([)-Open Existing
———-LabVIEW MathScrlpt RT Module

LabVIEW Control De5|gn and Simulation Module

r:"‘i::t:i This module is a text-based tool that is very 5|m|Iar to MATLAB. The syntax

- = is similar to MATLAB, you can create and run so-called m files, etc. The
module is avallable from the Tools menu inside LabVIEW.

Control & Simulation

QSearch I 2, Customize~
This module is used for creating Control and Simulation applications W|th
LabVIEW. Here you will find PID controllers, etc. The module is available !
as a palette on your block diagram. PID Fuzzy Logic
Search Customize~ . ’ M ’
[ S | —%" L.;_.

Write Nod

| Q your bIock diagram.

Dev Config Task Config

= 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



2 LabVIEW Quick Reference Guide

File Tool Icon

Description

Ctrl-N Create new VI Ctrl-Z Undo last action Right-Click  Display controls/ Automatic 5% = | Automatically choose the
Ctrl-S Save VI Ctrl-Shift-Z Redo last action functions palette Tool Selection [ =] appropriate t¥)0|
Ctrl-P ﬁfi"t Shift-Right- Display tools palette
Operate Click
Edit _ ] . Operating Change the value of a control or select
Ctrl-V Paste object gz:_R H! ul nr\tIIVI Ctrl-T T"ﬁé;'swa:]g(';gsfam and front Tool IE the text within a control
Ctrl-U Clean up diagram ’ pa
Ctrl-Space Activate quick drop Window Help
_ : . Positioning Position, resize, and
Ctrl-B Remove bquen wires Cirl-E Display block diagram/ Ctrl-H Display context help Tool select objects
Ctri-C Copy an object front panel
Ctrl-X Cut object
Labeling @ Edit text and create
Tool free labels
Tool Icon Description Tool Icon Description Wiring Tool E xi?tﬁgiﬁ;;%er’:‘her
Show Context Display the context help window Run Execute the VI
Help @
i i i Scrolling Tool Scroll the window without using the
Text Settings Change the font setting for the VI, List Errors | o | List errors that prevent the VI from running g Scrolf the g
= - | including size, style, and color
I R Pyt Eond | I Run Execute the VI continuously until abort or _ - -
- - - - Continuously pause is pressed Breakpoint Set breakpoints on Vls, functions,
Align Objects |;.__,- Align selected objects Tool (Used for wires, loops, sequences, and cases
Abort Stop VI execution immediately debugging)
Execution
Distribute Objects |"*- Space objects evenl . -
) = pa ) v Execution @' Animate data movement on the block Probe Tool B Create probes on wires and display
Highlighting |"="| diagram wires gUst.)ed for ) |nter{nec<;iite values on a wire in a
. - — - N - ebugging running
Resize Objects I&' ] g]%slsz;amrréuétilz[:}le front panel objects to Pause E Temporarily stop execution to debug a
portion of the VI
Get Color Copy colors for pasting with the
Reorder |¢- Reorder the layers of Step Into Single-step into a subVI or Tool / Color Tool
the objects structure to debug it
: . Coloring Tool Set the foreground and
Siograny [ [pgunes endobiecs on e e S et one 1 R becsground sotors
Enter Appears when a new value is available Step Out El Execute a subV] or structure and resume
to replace an old value single-stepping
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Control and Simulation in LabVIEW

PID Palette in LabVIEW

Control Design & Simulation Palette in LabVIEW

Control & Simulation

Q Search l €%, Customize¥

* RO
meT Fuzzy
PID Fuzzy Logic
[ 3
|
Simulation  Control Desi
Simulation

b | < Customize~ '

Simulation Loop

> > > »
j
Signal Gener... Signal Arith... Lookup Tables Utilities Graph Utilities
> » » » »
£
Continuous ... Nonlinear Sy... Discrete Line...  Controllers Estimation
> » %B’ » »
(23 RE

Model Hierar... Implicit Syst... Trim 8 Linea... Optimal Desi... External Mod...

Simulation Palette in LabVIEW

| @ l oQ,Search| €, Customize™ '

PID

PID Gain Sch...

PID

L

PID Structure... PID Autotuni

PID

PID Setpoint ... PID Control l... PID OutputR...

@i‘:

PID

sulst

Control Design
I 1 l Q Search | <, Customize® ‘
e b e = »
= = 8=
Model Const... Model Infor... Model Conv... Model Interc...
- @ ¥
it Loy =
Time Respon... Frequency R... Dynamic Ch.. Model Redu...
d o = A=l
= = -l
State-Space ... State Feedba... Stochastic Sy... Solvers
» » »
B | g &
e = il e
Analytical Pl... Predictive C... Interactive D... Implementat...

PID

"ol

.. PID Autotuni...

PID

S

.. PID OnlineA...

PID
[0+ 58|

PID EGU to P...

PID

BJ 3

AUTO

PID Autotuni...
FID

2 %

PID Lead-La...

PID
gL )

PID Percenta...

Control Design Palette in LabVIEW

Students: Check that you have all these
palettes. Open the different subpalettes, etc.



LabVIEW Control and Simulation Example

a3 Simulation Example with PID.vi Block Diagram -
File Edit View Project Operate Tools Window Help
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Control & Simulation Loop

Example of Simulation (and control) of a
dynamic system based on the blocks in
the Simulation Palette

Integral time [s] (Ti)

izsp

Proportional Gain (Kc)

Summation2 PID TR i Integrator Simulation Time Waveform |
Multiplication Summation g Naveform Chart

© R i e

Multiplication 2

- H

X »

We are going to learn to create such a system (and much more)!
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Dynamic Systems Examples

Mathematical Models (differential equations):

1
~ |[Kptt—Fouc]
Alt 2 (Time constant/1.order):

.1
h = Z[K,,u — K,h|

Alt 3 (Nonlinear):

Water Tank:

Alt 1 (Integrator): h

.1 pgh
h=Z Kpu—quT

. 1
Tout = B_t{_Tout + [Khu(t - Bd) + Tenv]}

T —Temperature in the tube



Dynamlc Systems Examples

2 Tank
: | Mathematical Models (differential equations):
| dy;
Al dt —_ Qp Ql — QZ
dy,
Az dt — Ql o QB —IQ4

: 4 Tank:

k|

% _ _j_i 2ghy +ij 2ghs +
= 2ghy + 320k + 22
%= A3 2gh3+(1 Yz)kzvz

% . % 2gh, + ok,

Y1k1

Ya2ka

2



Dynamic Systems

Dynamic system represented as a differential equation

X = —ax + bu

dx /
— Note We can “easily” create a block diagram from the differential
dt equation(s)

Dynamic system represented as a block diagram
Integrator symbol

u b;k)Q x 1 X S

W\

a <s—

When we have the block diagram for the system, we can easily implement it in LabVIEW



Block Diagram Examples

X = —2x + 6u

Example 2:

1.1
YT Ty T

6 Students: Find the block diagrams for the differential equations above (pen & paper)




Block Diagrams - Solutions

Example 1:

u —36

X=—-2X+6U >

K| =

Example 2:
- 1 +1
Y=Y T )
N ) — 2 >0 025
1
y=7 —y + 2U) ——>

| =




Block Diagram Examples

Higher order differential equations
Mass-Spring-Damper Example:

mx =F —dx — kx

K
x is the position
F(t)
; x is the speed/velocity
i X is the acceleration
4 == x(0n F is the Force (control signal, u)

d and k are constants

ﬂ Students: Find the block diagram for the differential equation above (pen & paper)



Block Diagram - Solutions

Mass-Spring-Damper Example: Higher order differential equations

éj mx =F —dx — kx

m

n |-

1 $— Fit)
jxm

+ 1 X" 1 X
< >
- " " s

0 | ——




Simulation Tools
MATLAB MATLAB

The Language of Technical Computing

— Text-based Programming Tool

— www.mathworks.com

Simulink

— Block diagram-based Simulation, Integrated with MATLAB

LabVIEW R
MathScript ! LﬂbVlEW

— Uses MATLAB syntax, Integrated with LabVIEW

Modelica

— https://www.modelica.org 44
e

HYSYS MODELICA
— http://www.aspentech.com/products/aspen-hysys.aspx
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Simulation in LabVIEW

Simulation Palette in LabVIEW Simulation Loop: Similar to a While Loop, but cusomized for used
Simulation together with the Simulation Blocks available in LabVIEW
I {} | QSearchl %Customize" | —
-
Control & Si... —
(=<8 » (=<8 » 23] » [e23) » [e23) » . . .
Different Simulation Blocks by Category
Slgnener... Slg:h... Loobles : Graptllltles ° CO nti n u O u S Syste m S
Contindous ... Nonlinear Sy... Discrete Line...  Controllers Estimation - * Dlscrete SyStemS
559 » =) E= » B » .
e  Nonlinear Systems
Model Hiierar... Implicit Syst... Trim & Linea... Optimal Desi... External Mod... ° etC

Continuous Linear Systems

| ‘1} l o§Search ' %Customize' ‘

Transport Delay

[
:

Integrator D Transport De
oon ooa ]

His) kEE
State-Space  Transfer Fun... Zero-Pole-G...
(BeEH (BeEH (B0
] A [Pin]

Continuous ... Continuous ... PID



Integrator symbol

Simulation Example

Dynamic system represented as a differential equation

° + X
X =—ax + bu —> —lb —

Students: Implement and Simulate this system in LabVIEW
seta =0.25and b = 2 a [€—

W [ =S

s

{3 simulation Example.vi Block Diagram
File Edit View Project Operate Tools Window Help

o & \:\E’hulﬁ' ) ’15ptApplication Font |~ ngv H'-_ﬁav ‘ Ik’%fav Hi'*d‘ »| Search 4 ‘ bt

Control & Simulation Loop

olication  Summation Integrator Simulation Time Waveform |

[Waveform Chart
[:{_} b Ei *) @ J i

m

nlication 2

T

—|[oBLK




Simulation Example - Configuration

In the example the following simulation parameters could be used (right-click on the Simulation
Loop border and select “Configure Simulation parameters...”):

{3 Configure Simulation Parameters @ {3 Configure Simulation Parameters @
‘ Simulation Parameters ’ Timing Parameters ‘ ‘ Simulation Parameters ‘ Timing Parameters ‘
Simulation Time Enable Synchronized Timing
Initial Time (s) Final Time ("] Synchronize Loop to Timing Source
0 = 20 =
Timing Source
L:l_" cet e
Solver Method >OUrce bype
ODE Solver

Runge hutia 2 (vanatie) E] I Nan/Inf Check 1 kHz <reset at structure start>

Continuous Time Step and Tolerance
Initial Step Size (s)

Other <defined bv source name or terminal> Y
0,01 = Source
Minimum Step Size (s) Maximum Step Size (s) 1 kHz
1E-10 = 1 o
. Loop Timing Attributes
Relative Tolerance Absclute Tolerance Period
0,001 = 1E-7 = 1000 Auto Period
Offset / Phase Priority
Discrete Time Step 0 100
Discrete Step Size (s Deadline Timeout (ms
01 Auto Discrete Time 1 1
Signal Collection Processor Assignment
Decimation Mode Processor
0 - Automatic v 2

OK ] [ Cancel ] [ Help OK ] [ Cancel ] [ Help




Simulation Example - Solutions

’ {3 Simulation Example.vi Block Diagram E@@
File Edit View Project Operate Tools Window Help
S R \@ lL.uIrE' £ l 15pt Application Font |+ ngv “'-du;v ] [@53' l »| Search A ] bt

»

Control & Simulation Loop

(eeer)
[M[Error

i i Integrator Simulation Time Waveform |
Multiplication ~ Summation g Navetorm Chart

m

plication 2

—f

{(DBL#

Try with different values for u

i =0 E=E =
. = ) indow Help ] c_
T Trre oo~ |0~ |[a~ [ ][65~ | > Search A |[?]5 1=,
L] u YVaveform Chart . . i
X=—ax+bu . =
/ 8‘
seta=0.25and b =2 « § o
Step Responge 2 .
: 2 e We see the Step Response -
Correct results? — Check static response: . ]
— \ 2- is as expected!
+110,25
0 = —ax; + bu : N L L

_ b _ 2 1=8 :3?’2—“ \ Time
s = aus 0257 < i
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Control Systems

Typical Block Diagram:

’Q_—) PID

A 4

—

Process

43]|043U0) dld

Sensor

<€

‘ Students: Whatisr, e, u, v, y, Kp, Ti, Td?



Control System
|74

KpTi 7-d

—>Q—> PID —>  Process >

PID Algorithm:

Sensor [€

r — Reference Value, SP (Setpoint), SV (Set Value)

y — Measurement Value (MV), Process Value (PV)
e — Error between the reference value and the measurement value (e =r —y)

v — Disturbance, makes it more complicated to control the process
Kp, Ti, Td — PID parameters

K L
u(t) = Kye + %fo edt + K, T;e



Control System implementation with “Pen & Paper” v/

KpTi 7-d

r e u
—>Q—> PID > Process >

The transition from “paper” to LabVIEW is
easy, because the implementation is very
similar to the “paper” version

Sensor [€
\ E— Control System implementation in LabVIEW
ontro imulation Loop
SIMrr— ] Derivative time [s] (Td)
Integral time [s] (T1)
Proportional Gain (Kc)
Summation2 PID < Simulation Time Waveform
. . a Process.vi [Waveform Chart]

Here we have used the “Simulation Loop” &3 —— [n) o)

Stop Button 5t Simulation




Control System implementation with “Pen & Paper”

Controller

| |

|
L r e v U y
|_>Q_> PID | > Process >
I -
| |

|

All this is norffmally
included in the controller

The transition from “paper” to LabVIEW is
easy, because the implementation is very
similar to the “paper” version

Sensor [€

\ Control System implementation in LabVIEW
While Locp

Process.vi

i - = eform Chart
Controller.vi s » > : ]
-

|
s —  wmm .
b A a &

el

T

3

Here we have used an ordinary While Loop
(which is recommended!)

Wait (ms)

Stop Button

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




PID Control in LabVIEW

Alternative 1: i
, , Alternative 2:
PID Palette in LabVIEW (PID Toolkit)

Continuous Linear Systems

PID | 1@ I QSearch' €, Customize™ ‘
1 Q Search | €, Customize~ @ Tra"%[)elay
PID PID L PID Plod Integrator Derivative
BJ4 B = o BlE =
His)
PID.vi PID Advance... “RID Advance,«” PID Autotuni... PID Autotuni...
it T i o0 = State-Space  Transfer Fun... h |
= Eon This alternative
e ‘o N S G [P
) : : . . uses seconds!
PID Gain Sch... PID Structure... PID Autotuni... PID Online A... PID Lead-La... Continuous ... Continuous ...
FID FID PID PID FID
I ™ fir I"‘gf.":‘ EAl+ % Z )
PID Setpoint ... PID Control l... PID QutputR... PID EGU to P... PID Percenta...
PIC; Advanced.vi|
; T
Note! The functions “PID.vi” and “PID Advanced.vi” requires that Ti and Td are in minutes, IRy

while it’s normal to use seconds as the unit for these parameters. You can use the following

piece of code in order to transform them:
This means we enter values for Ti and Td in seconds on the Front Panel and the values are

converted to minutes in the code.

Td Scaling




X

LabVIEW PID Example

—ax + bu

seta =0.25and b = 2

e
13 Simulation Example.vi Block Diagram

=)

File Edit View Project Operate Tools Window Help

|d> I@‘ I:II 11 H @ | lg::l IL’DI'E' 3 | 15pt Application Font |~ ngv H'.'u'_'uv ‘ l@fgv “itedl

*| Search

-
0N e

Control & Simulation Loop

Multi

plication

M X
4 B

Summation

Multi

Integrator Simulation Time Waveform

\Waveform Chart|

&

vlication 2

g

[DBL ¥

I

n e ]

-~

m

[

Students: Replace u in the previous example with the built-in PID Controller (use Alternative 2)

Toop
[PiD]

PID




PID Example - Solutions
X = —ax + bu

Front Panel:

seta =0.25and b = 2

3 Simulation Example with PID.vi Front Panel = =
File Edit View Project Operate Tools Window Help [ Hm
— —— T ok
D | If___:]@ 15pt Application Font |~ || 3o~ ||0o~ [|E2v | €D~ *| Search >y _ a1
A
Wavef Chart
Proportional Gain (Kc) r - avetorm -ha e -
e =) Plot0 |\,
G|1 | 1.v|4 | 10- )
N———————
Integral time [s] (Ti)
——— 8-
=
=
w
Derivative time [s] (Td) Y g 6-
P S &
=l | 0.500279 o
| < 4_/\
2_
2 : I TR T S SRR R
[a] (=)
wvl|0-25 | ,,,|2 | Time
v
>

Students: Find proper K, T;, T; Parameters for this system. Use “Trial and Error” (or a more systematic approach)




PID Example - Solutions

x — _ax _I_ bu seta=0.25and b =2

Block Diagram:

i3 Simulation Example with PID.vi Block Diagram
File Edit View Project Operate Tools Window Help

o> | @ leIIE’ 3 I 15pt Application Font |« Hi'_,;v ‘[ & Subsystem Configuration F‘Eearch

. Parameter Information
Polymorphic instance

i : Academic = Paran’_neter source
Control & Simulation Loo . y

Parameters

Parameter Name Value A

" Proportional Gain 1|
4 Integral time [s] (T 1

4 Derivative time [s] 0

Right-click (Configuration) on the PID block
to select Kp, Ti, Td as Inputs (->Terminals)

Summation2 PID ol et i Integrator Simulation Time Waveform |
Multiplication Summation teg Naveform Chart

& T E

Multiplication 2

_ Xl
> (DBL ¥




Next Step: Continuous Simulation

Simulation Parameters | Timing Parameters

Simulation Time
Initial Time (s)
0

Solver Method
ODE Solver

{Runge-Kutta 1 (Euler) E]] [INan/Inf Check

p and Tolerance
Step Size (s)
0.1 k]

Mint Maximum Step Size (s)
1E-10 1 =

v

Relative Tolerance Absolute Tolerance

0.001 = 1E-7 3

Discrete Time Step
Discrete Step Size (s)
0.1 5 Auto Discrete Time

Signal Collection
Decimation

0

Simulation with these changes

|

Simulation Parameters | Timing Parameters

' Enable Synchronized Timing Sl m
Synchronize Loop to Timing Source

Timing Source

Source type

1 kHz Clock

1 MHz Clock

1 kHz <reset at structure start>
| MHz <reset at structure start>
Synchronize to Scan Engine

Other <defined bv source name or terminal>

Source

[] Auto Period
Priority
100

Students: Change your Simulation Settings and Run your

lation in “Real Time”

Right-click on the Simulation Loop
border and select “Configure
Simulation Parameters...”

Add a Stop Button
and a “Halt Simulation” block

Stop Button

Halt Simulation




PID Example — Continuous Simulation - Solution

File Edit View Project Operate Tools Window Help %
I:b |@| |:\@ | 15pt Application Font |~ I |'\ Search Q “ @| =
~

Proportional Gain (Kc) r \rNaveform ST

S R E0) . o
| |4.oo|

Integral time [s] (Ti)
Eomm)
Derivative time [s] (Td) Y

Students:
Extend the example with a new Chart of the Control Signal
(u) and include the reference signal (r) in the existing Chart,
so you can easily see the changes in r and how the system

; handle it.

1 | | |
14 16 18 20

Amplitude

Derivative time [s] (Td)

23

DEL
ntegral time [s] (Til;

The Simulation now runs until you press
the Stop button

Multiplication Summation  Integrator Simulation Time Waveform

Hon? aveform Chart

” s |

Multiplication 2
= Xk

X [DBL N

|

Stop Button 3t Simulation

Bond
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Create New

BV

[ ] [ ]

S m | t S b t m i Blank VI File -> New
I u a I O n u SyS e {=] Polymorphic VI

{3 From Template

.. #H Project

A Way to structure your code, similar to SubViIs 5153 Other Files

- B Simulation Subsystem

|@®, Class

{'g} Custom Control

This is the recommended way to do it! — You can easly reuse your Subsystems in
different VlIs and your code becomes more structured!

Select File -> New ..., Then choose “Simulation
Subsystem”. Copy (or move) the blocks containing your

Derivative time[s] (Td) | process into the New VI (Simulation Subsystem)

integral time [s] (Ti}:

Control & Simulation Loo

= || Create a Subsystem of this part (your process model)

Proportional Gain (Kc)

g

Lioelld

; Sufnmation 2
e

POEL
’ . | . .
ATl S t Integrator Simulation Time Waveform |
Multiplication ummation 9 I L W—Iaveform Chart

Yat

B e & e 3 g = =

=

Multiplication 2

———————————————————————— Stop Button it Simulation

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

Students: Change your code above where you create a Simulation Sub System for your Process




Simulation Subsystem - Solutions

M| Error »

Simulation Time Waveform

BDBL]
Process.vi T aveform Chart

- 53]

3.

Summation 2

Stop Button it Simulation

u

File -> New... C File Edit View Project Operate Tools Window Help

re.a_‘.te New ‘3@‘ I:;llilll»ulfﬁ’ . | 15pt Application Font |~ ||g;.v v | @‘J\ |‘§)
EH VI
- |= Blank VI

@ p°|ym°rphic Vi vlication Summation  Integrator
- @3 From Template B ,{_} T E@'
#{) Project
=) Other Files

B! Simulation Subsystem AR R
/@) Class ) ﬂ@?

@ Custom Control




Simulation Subsystem 2 (PID Controller)

Control & Simulation Loop

Derivative time [s] (Td)

i DBL b ! .

Integral time [s] (T Create a Subsystem of this part (the PID controller)
] DBL K

Proportional Gain (Kc)

] DBL b 1

Summation2 PID| == Simulation Time Waveform
Naveform Chart]

- B0 Process.vi
:6_9 b —@ b . & b ’1

1

] DBI

Stop Button  ajt Simulation

: OO0
m

6Students: Change your code above where you create a Simulation Sub System for the PID Controller as well.




Simulation Subsystem — Solutions2

P

File Edit View Project Operate Tools Window Help File Edit View Project Opeate Tools  Windo:

o | I;IEH 15pt Application Font |~ ||_3;.|‘ ||:l:l;' ”g"”@'l ITlSearch J\ I: i W [;J[E[G[E 2 m

r Waveform Chart Derivative time [s] (Td)
e erivative time [s
Plot0 [\, [DBLY

B

L4

[+] Integral time [s] (Ti)
|4.(X) | e

Proportional Gain (Kc)
[DBLY

File Edit View Project Operate Tools Window Help

E a
[DBL "D{_ \I;JEE'E < | 15pt Application Font |~ Hg,;.v H’.'ﬁ;v ‘ |q-.)\ | ?

Amplitude

Multiplication Summation  Integrator
[DBLK = '44,—:.—’( Ht _9 .
I

Multiplication 2

Tfow your code has become
really simple to understand!

r| Controller.vi Simulation Time Waveform
[DBLK Process.vi Waveform Chart|
‘lp 5 o]
rocess

Note! You may select

different icon style
Stop Button gt Simulation
Configuration... Dynamic
Open Subsystem Text Only
Express

Redraw lcan



Simulations using a While Loop

Note! The Simulation Loop has some drawbacks/is more complicated to use than an ordinary While
Loop. If we use Simulation Subsystems, we can use them inside a While Loop instead! - which
becomes very handy!

i il
(

While Loop Simulation Subsystems

Process.vi
/\ [ : - [Waveform Chart|

Controller.vi
- | |

r| i F——

—

So for real applications that involves more than just

Wait (ms) simulations (such as DAQ, File Logging, PID control of g
) top Button
500 the real process, etc.), | recommend to use a While
LOOp instead of a Simulation Loop. T ——

‘ Students: Add your Controller and Process Subsystems inside a While loop as shown above. Simulate the system.
Do you get the same results?

1
N, _\_\\.
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Save Data to File (Datalogging)

File 1/O

| 4+ | &, Search | €, Customize~ |

P o
Emﬂ Emﬂ
1 1 1 ]
1 | 1 |

Write Spre...

| (=]

0O <. 0
* e

Open/Cre... Close File Format Int...
£ % &)

Write Text... Read Text ... Write Bina...

Build Path Strip Path

o]

TDM Strea...

i

Waveform ...

File Const...

N
T

=1

O % O
¢ 8

o+

€ [n.nn]
Scan From...

o
o101

Read Binar...

==
-

Config Fil...

L

XML

Adv File F...

Read Spre... ‘ﬁrlte quﬁlea.i &ead Measi.J

r----m

rFvywvyvww

L2

.

k

Recommended Settings

Write To
Measurement Right-click-Properties
File
000 Configure Write To Measurement File [Write To Measurement File]
Filename File Format
Macintosh HD:Users:hansha:Documents: eText (LVM)
Data.lvm (" Binary (TDMS)
,._‘ Binary with XML Header (TDM)
(" Microsoft Excel (.xIsx)
Action |£/J Lock file for faster access

(s)Save to one file
[ Ask user to choose file

(&) Ask only once

( 1Ask each iteration

If a file already exists
- Rename existing file

Use next available filename

Append to file

@ Overwrite file

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

Settings...

File Description

Segment Headers
,_V‘V,One header per segment

()One header only
eNo headers

X Value (Time) Columns
(,One column per channel
éOne column only

(" Empty time column
Delimiter

GTabulator

[ Comma

Advanced...

oK l I Cancel ‘I Help




| Data.lvm - Notepad — © x|
D I ° E | File Edit Format View Help
atalogging Example T
8.975883 23.782587
B Datalogging.vi Front Panel - o IES 1.973000 23.714294
File Edit View Project Operate Tools Window Help H _" 3 975200 23 719689
e . =
> [&| @[] [ 15pt Application Font |+ |[$o~ |[T0a~ [~ |[2b<{ L |2 |D 1 g' g;ﬁii ;g ' ;iiggi
~ 6.977184 23.774415
( ) 7.977247 23.779818
Pl
Waveform Chart L e ) 8.9763295 23.777113
f 25— ) 9.976493 23.771718
18.988489 23.763626
'g 11.976687 23.771718
o 24.5- 12.980719 23.766323
= 13.982748 23.763626
£ - 14.983700 23.766323
E A - 15.979765 23.763626
E— 23.5- 16.977789 23.768928
L ' 17.979889 23.768928
18.977984 23.768928
23-|llll lllll |ll Illllllll llllllll |IIII|III Illllllll llllllll Illll 19_976963 23_758231
0 5 10 15 20 25 .30 35 40 45 50 55 60 20.977973 23.755534
L Time | 21.979671 23.755534
22.9808854 23.752836
et ) 23.979137 23.752836
24.6 |] . Stop ] 24.978214 23.758139
{ ¢ 25.978157 23.747441
26.978513 23.752836
W
< >




Datalogging Example — Block Diagram

EZ :

ryrvYywvw

: t
Waveform Chartl DAQ Assistant [Convert from Dynamic Datal emperature]
71 e 71 data » ‘h'

rHisto

113
=]

l‘;.

rFYY YT YT w
b

Write To
Measurement
File
Signals
-1 000
. Stop Button
il ‘: ....................

‘ Students: (1) Log Data from your system, i.e., the Control Signal (u) and the output of
the process (y) to a “Measurement File”. (2) Then Plot the Data from the File in Excel.
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A
X (t) Continuous Signal

> L
X (k) A Discret Signal A computer can only deal

with discrete signals
Note!
Different P L I L
O

books use ' . :
different x(k ;-(]3'.'.'.'.'.'.'.'.'.'.'.'.'.'.2;'? Ts = Sampling Time
notations x(k— 1) ’ When Ts -> 0, we have a continuous signal,

A but in a computer that is not possible.

X(k) EN /Ts
¢ k=0,1,2 34, ...
* () i k
L L

xk =~ ~ >
———’ |+ = kTS
_



Example : : :
Discretization

Given the following differential equation:

In order to simulate this system in LabVIEW using the Formula

x. — ax | bu Node we need to find the discrete differential equation.

We can use e.g., the Euler Approximation: . x (k —|— 1) — X (k)

X TS

Then we get:

x(k + 17), — x(k) = —ax(k) + bu(k)

This gives the following discrete differential equation:

x(k+1)=(1—-Ta)x(k) + Tsbu(k)

Ts — Sampling Time
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Formula Node & MathScript Node

Context Help
Formula Node
input variable int32 y;
(optionsl) if(x>=0) output variable
y=1; [optionsl)

elsey =-1;

Evaluates mathematical formulas and expressions similar te C on the block diagram. The
following built-in functions are allowed in fermulas: abs, acos, acosh, asin, asinh, atan, atanZ,
atanh, ceil, cos, cosh, cot, csc, exp, expml, floor, getexp, getman, int, intrz, In, Inp1, log, log2,
max, min, mod, pow, rand, rem, sec, sign, sin, sing, sinh, sizeOfDim, sqrt, tan, tanh. There are
some differences between the parser in the Mathematics Vis and the Formula Node.

Detailed help

[E[5[2] < >

Very useful for mathematical expressions and
simulations!

input variable
(optional)
input variable
(optional)
SITor in oo

MathScript Node: Create and use
MathScript/MATLAB code within LabVIEW

If a MathScript Node contains a warning glyph, LabVIEW cperates with slower run-time performance for the node. You
can modify your script to remove the warning glyph from the MathScript Node and improve run-time performance.

=[&]2] <

Sumd = eye(size(A));
i=1lin
Surné = Sumd + A”~ifFactonial(l);

Delta = SumaA - exprmx(&);

Formula Node: Create and use C code
within LabVIEW

Example:

— PDEBL

\ z

@ Right-click on the border to

RithScaipt Mode Add Input or Add Output

output varable
(optional)

coc 2IT0r out

Executes LabVIEW MathScripts and your other text-based scripts using the MathScript RT Module engine. You can use the
MathScript Node to evaluate scripts that you create in the LabVIEW MathScript Window.

Detailed help



Formula Node/MathScript Node

® OO0 =] C2F.vi Front Panel
o» 42| (L) 11| Llpt Application Font |~ || 3o+ || o0g
Tc Tf
EH 10 | | 50 | ’

-’

N IES

Students: Try this Formula as well (both in
Formula Node and in MathScript Node):

-’

9

TF =—T(;+32

Students: Create this Example both in Formula Node

5

and in MathScript Node

8 OO0

=] C2F.vi Block Diagram

S

&g |25 |wa/g® || Llpt Application Font |+ C2F

Tc

-E
DEL

Formula Node

Tf = (9/5)*Tc + 32;

z=3x%2+ Jx2+y2+elnt®

Tf

DEL




Example
Simulate Discrete Systems using the Formula Node in

LabVIEW

Given the following differential equation:

In order to simulate this system in LabVIEW using the Formula

[
x — ax _|_ bu Node we need to find the discrete differential equation.

. Nx(k+1)—x(k)
X = T

We can use the Euler Approximation: Ts — Sampling Time

Then we get:

x(k + 17? — x(k) = —ax(k) + bu(k)

This gives the following discrete differential equation:

x(k+1)= 1 —-Tsa)x(k) + Tsbu(k)

Students: Simulate and Plot the discrete system above using a Formula Node seta = 0.25and b = 2
and a For Loop in LabVIEW Ts=0.1s




{3 Discrete Simulation Example.vi Block Diagram

oo ==

File Edit View Project Operate Tools

Window Help

> | CJ@lLon‘lE’ < llSptAppIication Font |« “?ﬂ;v “'-'[Ev | I'l%ﬁ' ||-\ Search A ‘

2

Discrete model:

Formula Node in LabVIEW - Solutions

Waveform Graph

pXScale.Multiplier

y4 T}

xkl=(1-a*Ts) *xk + Ts*b*uk;

m

BDBL]

As expected, we get the same results as in
the previous example using a block diagram

simulation

13 Discrete Simulation Example.vi Front Panel

Students: Improve your solution by
creating a SubVI of your model

I

File Edit View Project Operate Tools Window Help TTHE
[5159] O[] [ 150t Apptcstion Font |~ | £~ [~ 5 |[88~] [ |[2]HIH
2 Ts Waveform Graph [ Plot0 |/\/ ]
~ . - J
Bz 1] (Blr ] 8- il
b Tstop 6-
['r?' 2 [f’dzo .=
24 )
" E
<
S| 2-
0-} 1 1 1 1 1 1 I | ' 3
0o 2 4 8 10 12 14 16 18 20
Time




File Edit View Project Operate Tools Window Help

Formula Node in LabVIEW — Solutions 2

Discrete Simulation Example - using SubVl.vi Block Diagram ~— -

|

o = ||| G| |29 |walE® 7 | 15pt Application Font |~ || 3o~ [|0a~ | (29~ <4, @I

=
*
0

&

Advantages using SubVI:

—.
SDwn =)
= ]
v Iv
; Y
0 [z

:

:la [Waveform Graph|

DBLY @ »oBL)
Waveform Graph —J
20 L 28
pXScale.Multiplier
Main VI

Our Main program has become simpler and easier to
understand and maintain

We can reuse our model in other applications

If we need to do changes in the model, we only do it once and in
one place!

~

SubVI

File Edit View Project Operate Tools Window Help

|| @
e

@ (22! [wal@® 2 [ 15pt Applic]« 2,

xk1=(1-3*Ts)*xk + Ts*b*uk;

xk1
p- BDBL |




MathScript

{3 LabviEw
File Operate Im! Help

Measurement & Automation Explorer...

Ll Instrumentation 4

E L Real-Time Module 4

(- MathScript Window... =
DSC Medule 4
Merge 4
Security 4
Blank V| User Name...

Add-on Module for LabVIEW where
we can do text-based programming
and simulations
—very powerful!

LabVIEW MathScript RT Module

13 LabVIEW MathScript

File Edit View Operate Tools Window Help

Output Window

For help, enter 'help classes' -
>>
X =

Output Window

Here you can see the results
of the calculations

Command Window
help plot -

Command Window

You can use the Command Window
to enter singel commands -

110 Idle

Variables ‘ Script | History |

8 i) (=3 (51 F 9 8 (1)

ix = 2

w N

v = 3*x + 2

un your Script and the
esults are available in
the Output Window

Script Window

This is the Editor where you create
your program (script). The Script
can be saved as a .m file

Untitled

Line: 1, Column: 3




MathScript
Simulation Example

X = —ax + bu

seta =0.25and b = 2

Students: Create and test the MathScript code. You
should get the same results as in the LabVIEW Examples

x(k+1)= 1 —Tsa)x(k) + Tsbu(k)

$ Simulation of discrete model
clear, clc

Create the following code in the

s Model Parameters MathScript “Script Editor”
a = 0.25;b = 2;

$ Simulation Parameters
Ts = 0.1; %s

Tstop = 20; %s
uk = 1; % Step Response
x(1) = 0;

% Simulation
for k=1: (Tstop/Ts)

x(k+1l) = (1-a*Ts).*x(k) + Ts*b*uk;
end

% Plot the Simulation Results
k=0:Ts:Tstop;

plot (k, x)

grid on



MathScript Node

- oEEN

= MathScript Node Example.vi Block Diagram
File Edit View Project Operate Tools Window Help B
— - —— e e
|E> |@| @| ]| ||'gr1 | |§'E',| |Lon|'E’ . | 15pt Application Font |~ ||E,;.v '"ﬂi « I@ "
-
1 % Simulation of discrete model
2
3 % Model Parameters
4 a=025%b=2
5
B % Simulation Parameters
7 Ts=0.1; %=
3 Tstop = 20; %s
9 uk=1;
10 x(1)=10;
11
12 % Simulation
13 for k=1:(Tstop/Ts)
14 w(k+1) = (1-a*Ts)."x(k) + Ts*b*uk:
15 end h
16 Bundle
17 -
18 % Plot the Simulation Results
19 k=0:T=Tstop;
20 plot (k, x)
21 grid on
32
v

-

Students: Try the same example inside LabVIEW using the MathScript Node

Just copy and paste the code from
the previous example

= MathScript Node Example.vi Front Panel — = “
File Edit View Project Operate Tools Window Help H T Hm
[ - =
[16] @[] [T5pt Applcation Fon |~ B~ o] [3+] [ |[2]HLLH
N
XY Graph Plot0 |/
r a- 3
7_
6_
'
2
g 4
E
< =
2_
1_
0_I 1 1 1 1 1 I I I I I I 1 I I 1 1 1 1 1 I
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Time
v
< >
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m Mass-Spring-Damper System

mx =F —dx — kx

x is the position

‘7 F(t)
x is the speed/velocity

j X is the acceleration

—=l= X F is the Force (control signal, u)

d and k are constants

http://www.techteach.no/simview/mass spring damper/index.php

different values on m, k and d.

Q Students: Simulate this system using LabVIEW. Plot the position, speed and the accelleration. Test with


http://www.techteach.no/simview/mass_spring_damper/index.php

Air Heater Overview

A sketch of the Air Heater System:

Real Air Heater

— Air tube
Temperature
Control Measurement
Signal

[ | Tout

Air In Air Out




Air Heater Simulation

ﬁ In this assignment we are going to simulate and control a mathematical model of an Air Heater system.

A mathematical model of the system could be:

. 1
Tout = e_t{_Tout + [Khu(t — Gd) + Tenv]}

Where:

* T,,:[°C]is the air temperature at the tubefoutlet (between 20-50°C)
* u [V]is the control signal to the heater

* @, [s]isthe time-constant

* K, [deg C /V]isthe heater gain

* B, [s]isthe time-delay representing air transportation and sluggishness in the heater

q—

. : 6, = 22 sec
* T,,,°C]is the environmental (room) temperature.
6, = 2 sec
Use the following values in the simulations: == °oC
Note! You find an example of how to do it in LabVIEW on the next slides — but try to solve
it by yourself first! Tony, = 21.5°C

—



Air Heater Simulation Example

Implement the Heater model in a Simulation Sub System, as shown below:

P Air Heater Model.vi Block Diagram on HIL Simulation. lvproj/My Computer

File Edit View Project Operate Tools Window Help ﬁl
BE @)@hmpa’laj [ 13pt Dialog Font [-.I;pv‘l.‘n:-”c:;v”ﬁ
~

@ o= +I . out [C
e x =H€ y. +_‘9J T o= = a0

= " F delay[s T [s]] [ ]
[c/v]] “oery I [o5L¥ TEHF, =

See next slide for Front
Panel example

= [

HIL Simulation.lvproj/My Computer <

While Loop

Process.vi
. ~ aveform Chart
POEL

File Edit View Project Operate Tools Windo
F'IDI
~ Controller.vi [

> [@] ©[n][@][es] el 2 [

Derivative time [s] (Td)
[oBLY
Integral time [s] (Ti)

2
b |2
4

[DBLY
Proportional Gain (Kc)

[DBLY

Wait (ms)
Stop Button




Air Heater Simulation.vi

Air Heater Simulation = « v s o s e s

Ldid

A
I I Hans-Petter Halvorsen b I T Y
. hans.p.halvorsen@hit.no
Fro nt Pane Examp e- Telemark Uvni\r/ersitLy Clollege Hagskolen i Telemark ( -
Department of Electrical Engineering, Information Technology and Cybernetics | - Exit
y I | 2767
) Process r i | 3000
Setpoint [deg.C]
50 50—
45
40 %)
35 _?
30
25
20 ZO_I"I""I""I'"'I""I'"'I""l""l""l""l'l
; R 3 4 5 6 7 8 9 10 11 12 13 13
30 < Simulation Time [s]
Controller u = | 3.42
5_
Kp a5
0.52 5
3_
Ti[s]
18 |3 2-
Td [s] 1-
0 =
. T A e e e
Find Proper PI(D) Parameters " Simulation Time s]
v

[Air Heater Simulation.lvproj/My Computer| < >




Ai r H eate r SI m u Iatlo n MathScript Simulation Example
with MathScript clear, ale O Srserere meded

% Model Parameters
a = 0.25;b = 2;

% Simulation Parameters

Ts = 0.1; %s
Tstop = 20; %s
uk = 1;

x(1) = 0;

Simulation

P for k=1: (Tstop/Ts)
@ x(k+1) = (1-a*Ts).*x(k) + Ts*b*uk;
end

Are you able to simulate the Air |, ot the Simulation Results
Heater model using MathScript k=0:Ts:Tstop;
or/and MathScript Node? POt sy =)

grid on
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