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ABSTRACT

This thesis presents a design technique based on the individual channel design(ICD)
for four-tank level process using decentralize controller. Although 1CD is proven effective
MIMO control design, the concrete procedure for MIMO design is not established yet, which
decentralize controller design by ICD is made for this Two-Input Two-output (TTTO) problem.
The Four-tank level process is adjusting operating mode by value of valve .The results obtained
in this thesis verification are demonstrated by LABVIEW simulation and real experiment, which

that the ICD can be designed to meet both transient and steady-state response.
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Particulates No

Run dry No

Max. Viscosity 200 cps

Dimensions 88 x 81 x 92 mm (4 = .75 x2.63)
Weight ' 1.4 kg (3 Ib.)
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4.2 awlsznovuea q 14 LabVIEW (LabVIEW Environment)
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4.2.1 nslWanddsunsunohatuon LabvIEW
A ¥ - . & a
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4.3.2 Tools Palette §1H3UN15800UUY Front Panel

Tools Palette 710 A3p3i0N 1411
as é 3’:
e Tusunsuare: diamseanu

Front Panel HD% Block Diagram Tuauil

22NA1I049 Tools Palette #1115 100ALUL
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4.3.2.3 Edit Text Tool
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4.3.2.4 Set Color Tool
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2. Right-Click G 1H1137130U Block Diagram 1122 Click NNy@



69

5? Functions QSearchg

W= 0§

| i :
Input Analysis Cutput User Libraries
S S | X

>z - Bt
Gd) &) BB W5
Exec Clr| Arith.l’cbmpare Sig Manip &l Functions

.ﬂ]ﬂﬁ 4,14 Fid ﬂﬂi%‘l Functions Palette 759 2

= . ¥ Yoo o o ) A .
A5L88n Function 31199114 197 5R8IAUAUN 51890 Control H3D Indicator 910 Front

' .
=94 =

Panel An Click #anFufido3n15% Cursor vzldouiilugifondanintiulfidou cursor Tilf

o P ) I 4
Block Diagram AHUINABING UAL Click BNATINTN
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[21i] » l[glll. - s i)

Cdows
- I eform Zhart

PN 418 13nN1391974U84 Dataflow Programming



72

¥ 14
nngdiumsumsiiuveilsunsueziludeil
o 0 3 a o o o
1. MadFuga Multiply) az¥ramneuiladduuan msizAeisuguiidoyn (opu)
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4.8 Numeric Data type
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Time and Date: 3Uu1a
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4.8.2 Numeric Functions
o o { { o ar
98U (Function) W50 SubVl MAvIAUdAve uIsadenls 1Av1n Function
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4.10 Boolean Data type
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............ N N
0.2 Lo == Tl Q¥ |
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Num Inds LEDs
e | ¥
Square LED Round LED

AN 4.26 Boolean Data type
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_ 4
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4.11 Sub VI
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4.12 DEBUG
15 Debug VIAe mnsiagouiimarian vy luawdis 1deenuun 13nseand

aTuRaNaIAYa I SRR lat1a

Tool #1%%1%51n13Debugging
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Ttk A Break Point Tool A8 9AfiLs?
A o 2
L= Amuadnio TUsunsy Run widegailld
e & . & d .
nygam iAo Ris19ziinInsIvaen
¥
I%] / JupoumIvealilsunsy

Probe Tool fia Yoyaiisidosms

NN 4.28 Set/Clear Breakpoint g M JARY 11

4.13 While Loop
While Loop o nisfmualy Code #30 Program 11 Loop ¥191ud1auATEVs

Condition U893 While Loop W' lawidmua

AN 4.29 While Loop

4,14 Wait (ms) 1182 Wait Until Next ms Multiple
ferisuildonlu While Looph3aFor Loop A Hardufinimuanarldudmae

HaaIum {Milliseconds / ms) fin Wait {ms) L8z Wait until Next ms Multiple
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ﬂ')’lmmﬂﬁhd'jzﬂ’mﬁﬂﬁ’%u Wait (ms) N1 Wait until Next ms mutltiple f{ﬁﬂ

s Wait (ms) 93 50R18 10uTaaTUT (ms) Aot 1Y) 1wy 1ng1wdeann
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Loop 3¢ 191381
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1 = ') T o g/ 1 P 1 g 3 ' 3
WuReIfu uan1358959 q 93191901 490 ms AeuAvE I Loop Tnaiva ¥ luuaas Loop 1%

17871 500 ms #59 10 ms T4 Code 1A 490 ms §115U Wait Until Next ms Multiple

milliseconds to wait iR

Wait {ms)

Waits the specified number of miliseconds and returns the value of the
millisecond timer.

AN 4.30 Wait (ms)

miliisecond multiple sofssecord b

Wait Until Next ms Multiple

Waits until the value of the millisecond timer becomes a multiple of the
specified millisecond multiple. Use this function to synchronize
activities. You can call this function in a loop ta conkral the loop
execution rate, However, it is possible that the first loop period might

be short.

A 4.31 Wait Until ms Multiple

4.15 Shift Register
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¥ £ ¥ ¥ Il
a1l e ldiumsusmsane il shift Register @13oa31914 1Ay Right Click fivauv03 For
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MM 4.32 Shift Register
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4.16 Feedback Node

Feedback Node 9zAd10fiU Shift
Feedback Node Register ualdununulunsdifiozannis
anmeRm Iz FUsouLas 15T Stack

2 409 Shift Register #1150 A8 Feedback
1NN 433 Feedback Node ’ 4
({114 Shift Register 1@ TAUATT Right Click 9
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4,17 For Loop

5 T 5
For Loop A8 AL While Loop taag 1 muan ldiuaninaunags

For Loop

7N 434 For Loop

4.18 Stacked Sequence a2 Flat Sequence Structure

431 Structures

LILL
. G

ﬂ]ﬂﬁ 435 Structures Palette
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Tosunzulduiniy
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s 3 A

Add Frame After 9110151 Frame a1auda 11 gy dragidrdui 2 ududen Add

Frame After LabVIEW il:’d'?N Frame #1909 3 11%

T O T ~ e

Visible Items »
Help
Description and Tip. .,

Set Breakpoint:

Structures Palette P
+ Auto Grow

Replace »

Add Sequence Local

Remave Sequence

Add Sequence Local
Add Frame After

Add Frame Before
Duplicate Frame
Delete This Frame

Show Frame 0
Make This Frame 0

NN 4.38 Add Frame
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i .

Add Frame Before 32W10151HY Frame 818400 UHTNEEUNS 1987190111 BIHE 9910

a q

o o o

1A% Frame uddddniisegiligiuezgndadudduda iy wu dus1agnd1é Frame d16

=

"
s =

2 ud1A0nH Add Frame before LabVIEW 95¥107156WY Frame 81807 2 uasfuddunnisoe

&

Hegiiufudwiui 3
151931509 FHUA1L 9 YD Sequence  1ABANT Click 7 Frame Selector M3 Right

Click LL%’JLﬁﬂﬂ Show Frame

vl olo..11™ isls Naln|

NAN-Ni N E: Mo NN sHs R NN R RN
ﬂ'lﬂﬁ 4.39 Show Frame

] 1 é = 3 T I} 1 r 1
lum3sa 91910 Frame 1911080 Frame w1l wihida lale (ud 1319 Frame fauniin

193 Stacked Sequence 18 Taams Right Click NuovYng Sequence 1A 130n Add Frame Local

O E 0N o[0.1] - PR OTO0oR

[AlsNa s Mol =

Yisible Ttems ]
Help

Description and Tip., .,
Set Breakpeint

Structures Palette  p
o Auko Grow

Replace ]

Add Sequence Local

Remove Sequence

Add Sequence Laval
Add Frame After
Add Frame Before
Duplicate Frame
Delete This Frame

Show Frame 1
Make This Frame 1

2R 4.40 Add Sequence Local
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4.19 Case Structure

¥ = o = 1 ' =t
Case  StructurelF1UN15I@ONMIMINIWBNIE Code  Nogluumaznsd laonis
L] 1 :; » o P at ¥ =
WSvudough  amdanludaden 1) Tugih widnfusiasd (2) Tugl)
A iflumanSoufendadond 1) Tugah uazasdl ((2) Tuph evdluminssans
I o ar 4 = 149 [
(Boolean) #7204 (Numeric) #26nH3 (String) 130814 A14 1§ nilude uiluni Boolean Laus
é L) H =1 -} T ~ T 1 ]
TasmnlFlumaSoudsuorntuandeiviorisvosmmionatea 1d
3390311115019 <. {WudId e 11 1.....100 HUIWEITI9AISEHATE 1 B4 100
= g t ﬂ [1] ¥V ] Y . ° 1 [
8.1 vueiadosn M tddudu Ndvateaieunsely < lumsdmuasi s 1, 5, 7
HuwaeAT 1, 5, 7 1ludu
a = 3 . . o =]
aunsomunsdl 1nu 14 Tasns Right Click N99U Case Structure 1Laziaan Add Case

After 58 Add Case Before

.mﬂ;l 4.41 Case Structure

4.20 String Data Type

. =4 Voo -3 v L ‘3' o
String HwDe A0NYIRLART A0 pYs v Iunlseneusaudu nsudaszuuy
o é a N - i -
string 11 IddefumateglusudeansadimualdTaons Right Click 7l String Control H3e

Indicator ud uBoNgULVUNITUAAIND

431 string

+] 3] =g

B~ {H( [ . T

= fH I = B
Pl e =
T e B Ui
i
& [yl [oanl | [®@

1 LE
+

R

+
LALEL

AT 4.42 String Palette
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W30 Right Click waziasn Properties >> Appearance

Appearance Documentation

Label Caption
Visible [0 visble

Enabled State
(& Enabled
7 Disabied
{™ Disabled & grayed

Display Style "

Shaan sorell bar
hj hormal [ timit to single e
i Backslash (1) codes [T update vaiue while byping
 password
7 Hex

oK i[Cance{JLHdp 5

NINT 4.43 String Properties

F9012ADANTUAAIWALUD Password 1130 Hex (1§ 16) A3U 311U Font

1115004 118910 Text Settings VU Toolbar

[ Fle Edt Cperate Tooks Browse Wwindow Help

[$ & ] @ [ ;jpt .r‘.':.‘llalp‘li.cation FDI'I.t v ﬂ gm"’i

A M 4.44 Text Settings

4.21 Array
= ¥ 9 = o 1 ] w 1 ¥ =)
Array 79 nquuasteya luzduuuBedrfiu iy nquUDIRNaY NGUVEITEAIN 13D
AUYDIATINNE (Boolean) udnzdoyalu Amay 38071 Element 1510111308 98d0yaly
Array (Element) ulﬁiﬂﬂi%ﬁ‘h’ﬁ {Index) Element u‘iﬂqﬂiu Array 9231 Index L‘f‘u 0

Artay ‘ﬁié’s’amﬁaaq 92il 1 1A (1 Dimensional Array) wagdl 2 147 (2 Dimensional Array)
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AT 4.45 Array

4.21.1 Array Control UaZ Array Indicator
3/ =l . 3 W . =
158979 Array  Control Y198 Indicator asoaiialalasnis Click 1don Control
¥
Palette >> All Controls >>Amay and Cluster UAMIUIINUY Front Pane!l 91niulviiien
Control #3 Indicator NABINT 1FU AILAT 310 Contrals Palette 1A211112719018 14 Array 7
- 3 r EY :lw
AINUVUUINDUHHIU
¥y & an . R ] v . . a -
DIABINTINUYA (Dimension) 04 Array #1150 14 Taens Right Click 1 Array 7

vy & ¥ & . .
TITVUY U WDN Add Dimension

\ﬁswhié Items
Find Terminal
Change to Indicator

Description and Tip. ..

Create

Replace

Data Operations
Advanced

|
Remove Dimension
Add Element Gap

v wvrww

Properties

NINA 4.46 Add Dimension
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4.21.2 Array Functions

RIE

Ly} E:ﬁ

£, ¥ (=~ d|[H +m
jeesd -
: i ]

NN 4.47 Array Function

o o ' { qs . .
Hardum1a9 eIty Array @1%71501800 14910 Functions Palette >> All Functions >>
=5 e 9/ & ar [ g9/ [} dd' =1
Array 730f3msaenlvOnveslanFua13g auteynlu Aray ulunssii Array 3 Element

i o G ]
Lﬂummﬂu {Numeric) mm:unm?umﬂuﬁan%uwammm (Numeric Functions) 18 1

o o Y P w
awrsaifion ¥l TunIn (Add) AU Array Al ey aunuduay1d

4.22 Cluster

4.22.1 Cluster Control liaZ Indicator

= Epp| FiE B
e 1 [fame| [namep
] [tem] [iEem] |

NNT 4.48 Cluster

Cluster ¥uodsnguvasgiuuudoya (Data type) Ruansafunisawagaaofuiy
3 v ¥ 3 1 & < v
stunvdayalvy i maansoaiegUunudoyauurlmivewsuesdiuy Feguuudoya

V9437152 NOUAY Numeric Control, Boolean Control 482 String Control
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wenuNAS 19 Cluster lumsadregduvudayauuylninda Cluster vz lfifinad
4 1 L)
Input 1Az Output Y84 SubVI iedwasnud leuazaamoiiuea Input 4ag Output Vo4

SubVI (SubVI 1 3aiimosiuea Input 1az Output TANNAA 28 Mo iiiusa)

4.23 Waveform Data Type (WDT)
o o = 1 o
Hafdulumidmirzilu LabVIEW uenvineeld Amay vestoya wu dendund
T df ¥ o o k1 = é d’ 34 o @ o J::;cq 5 q' Fd -
Aundouddal jduuvoyadnviten 1 ludsnsudmnz niinaudmuneidosde Waveform
< w ; .
Data Type 93 Waveform Data Type 2LAR WA Cluster mmi’f@ga@?aﬂszﬂﬂuﬁw Numeric
Array, 1903AY (1) Y99 Numeric Array Index 0 Hagszber19v0anatluuAazya A,
AsddulumsldauAsadudoyanuy Waveform  @1m13ntdon 1d910 Functions

Palette >> All Funetions >> Waveform Operation

{21 waveform

o 2]
R

S UL

=35

6B
3

ey

Sy JUL
Ny JUL
bty

7| [FEe
g @ B

S UL
AtI..'.'!;t

=

e

s ~ -
| ||-rLn

ﬂ'm‘fl 4.49 Waveform

s du52An Polymorphic (¥ #Hafdu Add a11713091A15170 2 Waveforms
Yoy e A oy . o ¥ Y w
WIRIUNU HIATWAUNITUIN 2 ANaWIAIBNU
= o o ¥ « o - o o ar
UBAYHBIANINTUYD Y Waveform udadanFulumsunsizvivian 9 dAansuain
Function Palette >> All Functions >> Analyze (hifilu LabVIEW Base Development System)
1 & a o o :
@1 #90%UHM1 Root Mean Square Y91 Waveform UAZ89UHA107) Toolset 499 LabVIEW Y992

A = L 1 a
IMsans1en luguuuaieg fu
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41 Wavefarm Measurements

==/ I,
Basic | |Averae
DC/RMS| |DC/RHS

[==T [oT [~a] [~
k
ll ITREY R 1T
Pawer PED FFT FFT
[=T [T [==T =T
" R k
|| RdE ) I
FRF FRF Crog3 Crosg
=1 T~ P~
WP ) [RA [ TR

N 4,50 Waveform Measurements

' a a
13U Advanced Signal Processing Toolset A1% Waveform Data Type srudaflafduves

Data Acquisition Tnadnieoniiiy Waveform Data Type (U Acquire Waveform.vi

4.24 Waveform Chat

<31 Graph Indicatars

Waveform Chart

f x
b E
o
o6 1o W "1 erpryd

Chart Graph 1Y Graph

oy

HINA 4.51 Waveform Chart

Qs

= ¥ o ¥y a3 £
Waveform Chat lpsUnasziudeyatsznndiavudunuveyalu Buffer 3013

KT

¥ 1
uamanaenegluzlaien Tuegivgluuudoya (Data Type) AflouT1lda Waveform Chat

v
fadn 11U
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W aveform Charts:

Wire data directly to chart:

Cata | Resulting Chart
Scalar | Single plot - 1pt

1D Single Plot ~ 1 or more pts
wDT Single Plot - 1 or more pts
2D Multiplet - 1 ar more pis

WDT {Waveform Data Type) includes timing info.

Or combine points with & bundle node

ez W ayeform Chart
ptN -

(N plots)

Or use timing information in WDT,

21NN 4.52 113199114 Waveform Chart

[=1 Ll

A1sLAAIHA (Update) i’l’ﬁmuﬁ“ljm Chart 9198 3 Sﬂl!.“lj‘uﬁﬂ Strip Chart, Scope Chart

2 QU

n3n Sweep Chart

Vishie Ttems
Find Termmal
Change to Control

Descrptien and Tip..

Create
Replace
Cata Operabions

i

Synchronous Display
X Scale Customize. ...
¥ Scale

Hide Indicator
1 Auhosize Plot Legend Enabled State »
Stack Plots o -

Chart History Length... Undate Hode Ed

- of Auko Adjust Scales [, %
e ERa

ATNA 4.53 A15UAAIHATDYA Chart

~ o

Famauaaealuziiunne139ves Chart agrfvdayafitdn 131 Buffer vo1 Chart ¥4

(1150 MUAVLIAYBS Buffer 14 TABAT Right Click 1 Chart UAADN Chart History
3 o [y . . e

Length 8 u51@03amsd1aveyalu Buffer a1130%114Tnen1s Right Click 7 Chart uddan

Data Operation >> Clear Chart
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Visible: Items
Find Terminal
Change ta Control

Description ard Tip...

Create »
Replace »
Data Operations » Reinttialize to Default value
Advanced » Make Current Vaiue Default
% Scale » DataSocket Connection. ..
¥ Scale » :

o Autasize Plok Legend Copy Data
Stack Plats
Chart History Length. .. Ezport Simplified Image. .,

Propetties

AT 454 L1aAeAITa13T0aN Chart

4.25 Waveform Graph

) Graph Indicators
B Warveform Graph

k) 3 1
L-F o 0“.1:0

w i ap 1D

Chart Graph %Y Graph

5N 4.55 Waveform Graph

Foyaiiflau1Hfy waveform Graph szifludoyatszinn Amay vesdnavnTe Joya
1 G = EEY R %
U521nN Waveform 14 81 Array ¥93@ 1 uiluyiia 1 4@ (Dimension) 95H@AY Graph 1 1dY
#
& = o a . Y = lgr o
w3ot Armay voaduauiluiin 2 {i@ (Dimension) 95UeAY Graph WaBidUAUBgAUTININ

Row U89 Array Y4A LAY
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Yaveform Graphs:

Wire data directhy to waveform graph:

Y Array | Resulting Graph

1D Single Plot
WOT | Single Plot
2h | Multiplot

WDT (Waveform Data Type) includes timing info.

Others default to O for =g and 1 forax.

Combine timing information using a bundle node :
®o

AW - +—,:r,m: Waveform Graph

y array

VA 4.56 71319974 Waveform Graph

[ > 1 31y 3/ a
dautsenauuny Waveform Graph anunsafmualiuansmniedeulildlaosmualaoin

Properties H30 Right Click i Graph 1a1don Visible Items

fisible Thams v Lébel

Find Terming Caption
Change to Controi
S ¥ Plot Legend
Description and Tip... Scale Legend
- [T Graph Palette
Create » Digital Display
Replace » % Scrollbar
Data Qperations »
Advanced P/ ¥Scale
o R /¥ Scale
s 1 Bﬁ % Scale »

¥ Scale 2

J Autosize Plot Legend
Stack Pioks
Chart History Length, ..

Properties

NINN 4.57 Visible Items

4.26 X-Y Graph

X1 Graph Indicators

Chark Graph 2Y Graph

NINTI 4.58 Express XY. Graph



92

LabVIEW 7 9% Express XY Graph ifia1#4101un15199 9 uandnn1s4ed XY Graph
wioudy nesvunouq Aefloum X uaz Y Tugilved Amay uag XY Graph 391013

Plot ﬂ'ﬂﬁ

Reset ........... SO | 13
errar in {no error) ==
Enable - Build %Y Graph
% Input o=y X Input
Y [npul s Y [nput
®Y fraph vz WY Graph

Heoooersrea grrop Dut

Build XY Graph

formats the data displayed on an %-¥ Graph.

AT 4.59 71519911 XY Graph

4.27 Other Graphs (nTguuuvdu 9)

ﬁ’ i!‘ [l
&=

St

AN 4.60 1aRInsTHER YU DU

Waveform Chart , Waveform graph 1ag XY Graph Hugiluvunisudasnailszinn
Graph 7119 1u1jo 693 Graph ;ﬂuuuﬁ"u 1 A 19U Intensity Chart , Intensity Graph , Digital
Waveform Graph (12 3D Graph @197 $9A18619@197 413190 Search w118 Taon s iusde
5UNUVV09 Graph @$1Y Find Examples (ﬁéﬁilﬁi LabVIEW 6.1 aﬁu“lﬂ) 1o click 7 Help >>

Find Examples
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Tools Browse window [NEN

28 | 13pt Application Font  Show Context Help Ctri+H

I, Function, & How-To Help,,.  Ckri+?
Search the LabVIEW Bookshelf ...

web Resources. ..

Paterts...
About LabYIEW. ..

¥

amii 4.61 3314 Help

oA

wdAan Search UAINUNTO Graph 71131ADINTT 41 §1519DIN1T Plot Intensity Graph (31
= do . . ] .
FIWITORURAITI Intensity 1A Double Click 19%03 Keyword 483 Double Click Tilsunsy

dptaedAnyduuumstlendayaluusasaluuuves Graph

Browse according to: J Communicating with External Applcations
3 Tack 3 Fareorites
" Fundementas
i Dwedory Rrutore Z) Merdware Irguk and Output
) Indistry Appbcations
1 Most Recert
e ] hetworking
1 Wesws Exarnoles For LaovIEW 7.0
ol hes Exayrvgiees For |LsbWIEW 7.1
T { Optmizng dppicacions
4 Prinreg and Publishing Data
B S SR - " Programmaticaly Controling Wis
\T’/ ‘\g,} LB ;‘:E, " Tookts and Modukes v
User Grougzs  Code Sharieg
Orscussion Forum Arficlar #d har dvara compatibe wih selected
oxarnple, Doubiecick 2 devics tr wew
LabVIEW Zone s %
ZOSNECY £Q YOUR COMMJNITY
Herdware
" o nandeore Found - v
[ umi resuks to hardware addtoFavoss | | Setup.. | | ten | [ Cess |

MAT 4.62 NI Example Finder

W3D1d0ngA100133UuuUNT A1 9 91NLabVIEW X.X >> Examples >> General >>

Graphs
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AT 5.2 gAhauBanssuaunslunsdiiadige

(B, 1) [em] (8,77)
(hh) [em] (29,2)
(u'ul) V] (4,4)
(ky, k) [cm3 /V*s] (256 ,2.7)
(ky k) [cmWV*s] (.054 , 043 )
(B, Bn.B,) ( 0.73,0.64,0.35 )
(B5. ) ( 015, 0.14 )

53 Nn'uaam:iaammuﬁ'amm]uuuu Individual Channel Design
a o 4 A LD v v & e - 3 )
masnans U dmesHInFuued IaseainnzIuMTzAU 4 09 nstuaiiga e
[
Foanismruquanugavasseauihlumesdasn awseiimsinsennansiudies

1 v »
HatFuvasnszuiums G(s) feglugtaing TAdsil

&1(s) gll(s):|
g2.(8) g(s)

G(s) = {

= o dn'a 1
TaeRoraumiude T RN TUIBBUBINTZUIUMST UTTNBUADY

(5)= 0.0369(S +0.0556)(S + 0.0053)
B (S +0.0809)(S + 0.0311)(S +0.0047)

(57 = 200165 +0.0051) + 39.573x 107 (S + 0.0556)
&z (S +0.0809)(S +0.0311)(S + 0.0051)

(s) = LO0LS(5+0.0047) + 28 951 x 107 (S +0.0564)
g2 (S +0.0809)(S +0.0311)(S +0.0047)

(5) = _0-0389(5 + 0.0556)(S +0.0059)
Eald) = G 0.0809) (S +0.0311)(S + 0.0051)
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0.028(S* +1255 +833.333)
S
0.220(S +3.333)
S
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1.033x107 (52 41255 +833.33) (5 + 0.0556) (S + 0.0053)
[1.033x 1073 (5% + 1255 + 833,33)(5 + 0.0556) (S +0.0053)] + [S(S +0.0809)(S +0.0311)(5 +0.0047))

hy(s) =

8.558x 107°(S + 3.33)(S + 0.0556)(S + 0.0059)
[8.558 1073 (5 +3.33)(5 + 0.0556) (S + 0.0059) ] + [5¢5+0.0809) (5 +0.0311)(5 +0.0051)]
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