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OBJECTIVE

The purpose of this document is to provide a gtodesing MathLaf, the Fuzzy Logic

Toolbox® and SimulinR software to model and simulate Fuzzy Inferenceesyst

This is a practical guide that shows how to impletreehypothetical Fuzzy Control

System but makes no effort in explaining the thdafyind it. For Fuzzy Logic theory the

reader is referred to the handouts given in classp good book on the subject.

THE MATLAB ENVIRONMENT

The following figure shows the MATLAB environmertdrfmodeling and simulating a

Fuzzy Inference System. There are 3 software medhkt exchange information:

MATLAB ® and its Workspace variables and functions

The Fuzzy Logic Toolbdkto model the Fuzzy Inference System (fis)
Simulink® to simulate a Fuzzy Control System

MATLAB (Workspace variables)

Fuzzy Logic Toolbox

FIS Editol

Rules Edito
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Figure 1. The MATLAB Environment
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The general steps to create a Fuzzy System andagemuare:

Run MATLAB

Invoke the Fuzzy Logic Toolbox by typing the comm&tZZY from the
MATLAB prompt

(0]

(0]

© O 0O

Use the FIS Editor to create the Fuzzy model: nmthis casdank),
model type (Mamdani or Sugeno), Input Variables @utput Variables
Use the Membership Functions Editor to define tHedwf each input or
output variable

Use the Rules Editor to define the Fuzzy Systene&ul

Save the model to a filéahk.fisin the example)

Use the Rules Viewer to verify the model

Export the model to a Workspace varialtenkin this example)

Invoke Simulink by typing the commai@&MULINK from the MATLAB
prompt

0]
(0]

(0]

© O 0O

Create a new Simulink Model

Add a Fuzzy Controller Block to the model and s&parameter to the
FIS model exported to the workspatankin this example)

Connect the Fuzzy Controller inputs and outputsther Simulink blocks
accordingly

Set the simulation parameters

Run the simulation

Save the model to a filéahk.mdlin the example)

Optionally save simulation variables to the worlksgpand/or to an
external file

THE SAMPLE FUZZY CONTROLLER

The hypothetical system that will be modeled anausated is a tank of water where 2
chemicals A and B are mixed to obtain a produce aimount of chemical is measured in
grams, and is a quantity from 0 to 1000 for eaaghmanent. The Fuzzy Controller has to
set the water level (in centimeters from 10 to 1&4] its temperature (from 15 °C to 100
°C). This is a 2-input 2-output fuzzy controller.



MODELLING WITH THE FUZZY LOGIC TOOLBOX

To create the Fuzzy System we use the variousreditat come with the Fuzzy Logic
Toolbox. These are the specific steps:

From the MATLAB prompt type in the commartlZZY . The following figure shows
the initial screen of the FIS editor with an emptgdel.

<} |[FIS Editor: Untitled

File  Edit  Wiew
Untitled
(matmcdani)
impLt outputi
FIS Mame: Untitled FIS Tppe: mamdani
And method ere __L| Current Y aniable
Or method R = Mame .
S S R
Implication | o =] he
T Range
Aggregation e S
Defuzzification — - Help Close
Spstern "Untitled'; 1 input, 1 output, and 0 ules

Figure 2. Initial FIS Editor Window
The FIS Editor

The generic untitled FIS Editor opens, with oneuinpabeled inputl, and one output,
labeled outputl. For this example, we will constiaubwvo-input, two-output system, so
go to theEdit menu and sele&dd input. A second yellow box labeled input2 will
appear. The two inputs we will have in our exangrEChemicalA andChemicalB. Our
outputs are Level and Temperature. We'd like tanghdhe variable names to reflect that,
though:

Click once on the left-hand (yellow) box markedutp(the box will be highlighted in
red). In the white edit field on the right, changputl to ChemicalAand press Enter.

Repeat the same procedure to change infpu@hemicalB

Click once on the right-hand (blue) box marked attpIn the white edit field on the

right, change outputtb Level Repeat this step to change outpiatd emperature




From the File menu select “Save to workspace ass.shown below

<) 'FIS Editor: tank

(N Edit  View

Newt Mamdani F15 Chrl+M
Mew Sugenc FIS
Open FIS From disk... ao [ | T
Save to disk Chrl+s tank -
Save to disk as.. Lo
(mamedani) .
Open FIS from warkspace... [ e
T T
Print... Ctri+p VEHEETERE
Close window Chrl+iy FIS Type: mamdai ‘
And method il = Current Variable
Or methad e > Name Chemicalkt
- T input
Implication il - S s
Range [o1]
Agaregation max -
Defuzafication centroid - ‘ Help Close | ‘

Renamed FIS to "tank"

and in the pop up window type tank and click on the OK button. The model should

look like this at this time:

<) FIS Editor: tank '

File  Edit  View
"""--..._‘-_ -"_..d-
7 tank
Chemical Level
o [marmdani) L
f ]

ChemicalB Temperature
FIS Mame: tank. FIS Type: mandani
And method {min _L—I Current Yanable
Or methad R e ame o o

AT T
Implication | min =T e
Range

Agagreqation S o
Diefuzzification centroid 3 Help Cloze
Renamed FIS to "tank"

Leave the inference options in the lower left iaitldefault positions for now. You've
entered all the information you need for this maitar GUI. Next define the membership




functions associated with each of the variablesdd t¢his, open the Membership
Function Editor. You can open the Membership FamcEditor in one of three ways:

Pull down the View menu item and select Edit Mershgr Functions....
Double-click on the icon for one of the input ottjout variables
Type mfedit at the command line.

The Membership Function Editor

When you open the Membership Function Editor tokwnmr a fuzzy inference system
that does not already exist in the workspace, taeranot yet any membership functions
associated with the variables that you have jushe@ with the FIS Editor.

On the upper left side of the graph area in the Blnship Function Editor is a "Variable
Palette” that lets you set the membership functiona given variable. To set up your
membership functions associated with an input anwput variable for the FIS, select an
FIS variable in this region by clicking on it.

Next select th&dit pull-down menu, and choogeld MFs.... A new window will
appear, which allows you to select both the menfiggfsinction type and the number of
membership functions associated with the selecheidive.

<) Membership Function Editor: tank

§= Edit RYE
Fl Add MFs. .. Membership function plots  Plat paints: 181
Add cuskom MF... T T T T T T T
Remowe current MF ]
Q Remave all MFs
Chen Unda
Ll\/—(-é LAY oo |
Chemical@emper sture
Ul 1 1 I I 1 I 1 1 I 1
] 100 200 300 400 200 =11 oo 00 Q0o 1000
input variable "Chemicald"
Current Wariable Current Memberzhip Function [click on MF to zelect]
M ame Chemicalt, Hame
Type input (==
Paramsz |
Fange [01000]
Display Range (0 1000] Help | Clase |
Selected variable "Chemicald




The process of specifying the input membershiptiaons for this two input fuzzy
problem is as follows:

1. Select the input variable, ChemicalA, by doubleidhg on it. Set both the Range
and the Display Range to the vector [0 1000].

2. SelectAdd MFs... from theEdit menu. The window below pops open

File Edit  Wiew

FIZ “Yariahles hembership function plots plat paints: 18

X

Chemicald  Level

XX

ChemicalBemperature oD R T

Add membership functions

joo 1000

MF type I brirnf

Current Yariable Humber of MFs 3
‘I I
M ame 2 B
Catcel 3
Type 4 3
Paramsz B
Fange | [01000] 7
a
Dizplay Flange I [01000] Help L9 : Cloze |

Selected variable "Chemicald”

3. Use the pull-down tab to choosanf for MF Type and 5 foNumber of MFs.
This adds three triangular curves to the inputalkde ChemicalA.

The membership Editor for ChemicalA will be disdyas follows:



<) Membership Function Editor: tank @@

File Edit  View
FIS “ariahles Memberzhip function plots plot points: 131
VerySmall mf2 mt3 mid mfs
D 1
o
Chemicald  Lewel
XX o |
Chemicallemperature
o 1 M | 1 | | | |
1] 100 200 300 400 00 GO0 oo (N 900 1000
input variable "Chemical "
Current W ariable Current Membership Function [click on MF to select]
MName Chermicalé Name | WemSmall
Type inpLt Type | trirnf j
Fange o Params [-250 -3, 55 3e-01] Syt
| [ ] ghellmf —
: gauzzmf
Dizplay Range | [0 1000] Help | E
sigmf -
Fenaming MF 1 to ""YeSmall" ds!gmf
pzignf
pirnf H
i 1 amf —)
I | qﬂlﬂi“"ﬂi—' LT =ri=h|ﬁ "thmir\-:ﬁh"\“ Zml:

The GUI initially shows 5 triangular MF labeled MEfrough MF1. To change the
names and attributes of the MF, click on the lieedlibing the MF (it turns red) and use
one of these two methods:

The selected membership function can also be tafggetilation or contraction
by clicking on the small square drag points onrttenbership function, and then
dragging the function with the mouse toward thesioigt, for dilation, or toward
the inside, for contraction. This will change theameters associated with that
membership function.

Enter the exact numeric points on t&amstext box.

For ChemicalA, we need to change MF1 and MF5 foetzaidal, by clicking on the Type
list box, as shown on the previous figure.

Use the above procedure to change the definitibaf 6 MFs until the ChemicalA
variable looks as shown in the following figure.



<} \Membership Function Editor: tank @@

File Edit View
FIS “ariahles Membership function plats  Plot paints: 13

e ySmaIII ' Small ' Medlium ILarge I \I-’er\,fLar
SO

Chemicals,  Level

Chemical@emper ature

o

0

T T T T | N N N N
u] 100 200 300 400 00 EO0 oo 00 o0 1000
input varishle "Chemical s

Current Variable Current Membership Function [click on MF ta select]

M ame Chemicalt Marne
Type input Tope

Params

Fange [01000] |
Display Aiange [0 1000] | Help | Clase | ‘

Selected variable "Chemicald”

Repeat the same procedure for input vari@siemicalB and for output variables

Temperature and Wateievel. The resulting membership functions are showién t
next two figures.

<) \Membership Function Editor: tank
File  Edit  Wiew

FIS “ariahles Membership function piats  Plat paints: 181
SemCold Cold Warm Hot VeryHot
1

0

Chemical 2,

Chemical@emper ature
0F— : : : n : = I

20 30 40 S0 L:11] 70 a0 =u] 100

output variable "Temperature”

Current Variable Current Membership Function [click on MF to select)

M arme Temperature Name WeryHaot
Type output Type trapmf -

Params | [80.3 32102 119]
Range [15100]
Display Range [15100] | Help | Close | ‘

Changing MF 5 type to "trapmf**

Membership Functions for output variable Tempegatur



<) Membership Function Editor: tank

File Edit  View
FIS “Yariahles Memberzhip function plots plot points: 131
P— eryLow Loy Medium Higjh YeryHigh
o] U5A
LAYAN

Chemicald  Lewel

XX |
Chemicallemperature /\

I:I 1 1 1 1 I';" 1 1 1 1
1] 10 20 30 40 a0 G0 ‘o il a0 100
output variable "Level"
Current W ariable Current Membership Function [click on MF to select]
Mame Level Name |
Type oLtpLt s | J
Pararms |

Range | [0100]
Dizplay Rarge | [0100] Halp | Close |
Changing MF 5 tppe to “trapmf*'

Membership Functions for output variable Level

The Rule Editor

Now that the variables have been named, and thebersimp functions have appropriate
shapes and names, we are ready to write down k& o call up the Rule Editor, go to
theView menu and sele&dit rules..., or typeruleedit at the MATLAB command line.

Another way is to double-click on the main icontba FIS Editor (on theank
rectangle).

The following figure shows the Rule Editor whenaked for the first time, that is, with
no rules at all.
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<} Rule Editor: tank
File Edit Wwiew Oplions

B

- .__________________[ij

If and Then and
Chemizald, iz ChemizalB iz Level iz Temperature is
Small Small Lo Cold
b edium b ediurmn b edium WA arm
Large Large High Hot
Wemlarge Werylarge WerHigh WermHat
none none none none
[ ot [ ot [ ot [ ot
— LConnection WwWeight:
" or
f+ and 1 Delete rule Add rule Change ule | £ | 5 |
Mao rules for systern "tank Help | Close |

On top of this screen we will have the FIS ruldse Tules are defined by combining
conditions on the input variables with or, and, adl establishing the resulting values of
the output variables. Three buttons allow uadd changeor deleterules. By default all
rules have the same weight (1) but it can be chthngeheweightbox.

To add the first rule:

SelectvVerySmallfor ChemicalA
SelectvVerySmallfor ChemicalB

Leave theand radio button checked

SelectvVeryLowfor Level

SelectWarmfor Temperature
Click on theadd rulebutton

The following screen shows the first rule addeth®oFIS system.
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<} Rule Editor: tank
File Edit Wwiew Oplions

If and Then and
Chemizald, iz ChemizalB iz Level iz Temperature is
Small Small
b edium b edivirn
Large Large
Wemlarge Wemlarge
none none
[ ot [ not
— LConnection WwWeight:
" or
f+ and 1 Delete rule Add rule Change ule | £ | 5 |
The rule i added Help | Close |

Repeat the same procedure above until all the haes been defined. The next three
figures show the FIS Rules.

<} Rule Editor: tank

File Edit Wiew Ophions
1. If [Chemicald iz VerpSmall) and [Chemicalb iz VerpSmall) then [Level is WYemnLow][Temperature iz Warm] [1] A I
2 If [Chemicald, iz YerwSmall] and [Chemicall iz Small) then [Level iz WeryLow)[Temperature iz Hot] (1] -
3. IF [Chemicald iz VerySmall) and [Chemicalb iz Medium] then (Level iz Low)[Temperature iz Hot] [1]
4. 1If [Chemicald, iz WerwSmall] and [ChemicalB iz Large] then [Level iz Highl[ T emperature iz WerHot) [1]
B If [Chemicald iz YerySmall] and (Chemicalb iz WeryLarge) then [Level is VeryHigh)[T emperature iz WeryHot) ]
E. If [Chemicald, iz YerSmall] then [Lewel iz YemnLow][Temperature iz WerwCold] (1)
7. 1f [Chemicald iz Small) and [Chemical iz YemSmall) then [Level iz Low][T emperature is Cold] (1] —
8. If [Chemicald, iz Small] and [ChemicalB iz Small] then (Level iz Medium) T emperature iz Wwarm] [1]
9. If [Chemicald iz Small) and [Chermicall iz Mechum] then [Lewvel iz Med|um][Temperature iz Hot] [1] o I
A0 1 T lhmrmim =l a Cenalll A 1T i =D A | e 1 Heman 01 A iml dn LARTT cremmr =boire 1a AR T —
< | >
If and Then and
Chemicald, iz Chemicalb iz Level iz Temperature iz
VerESmaII YemSmall I
Srnall
Medium M edium
Large Large
Yemlarge Yemlarge YemHigh WemHaot
hohe hohe hohe
[~ not [~ not [~ not [~ not
- Connection Wieight:
o
fv and 1 Delete rule Add rule Change mile | 5 | i |
The rule is added Help | Close |
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<} Rule Editor: tank

File Edit Wwiew Oplions

11, I [Chemicald, iz Small] then [Level iz VeryHigh)[T emperature iz YerHaot] [1]

12 If [Chemicald, iz Small) then [Level iz Low)[Temperature iz Cold) (1]

13, If [Chemicald, iz Mediun] and [ChemicalB is VerwSmall] then [Level iz Low][T ermperature iz Cold) [1]
14 If [Chemicald, iz Medium] and [ChemicalB iz Small] then [Level iz Medium][Temperature iz Hot] [1]

16, If [Chemicald, iz Medium] and [ChemicalB iz Large] then [Lewel iz High)(T emperature i WemnHot] (1]
17. I [Chemicald, iz Mediun] and [ChemicaIE iz YemlLarge] then [Level iz VeryHigh)[T emperature iz YemHat] |

100 1f [Chemicald, iz Small] and [ChemicalB iz Large] then [Lewel iz High)(T emperature iz Hot) [1] ”

15, If [Chemicald, iz Mediun] and [ChemicalB i bedium] then [Level is High)(Temperature iz Hat] (1] —

18 1f [Ehemmal.t’-‘n. iz Large] and [Chemicall is YerySmall) then [Level iz Low)[Temperature iz Ver_l,ll:old] 1 o

A0 1F (T lemmim = im | mrmm] mmd (Tl = 10 Gm Crm =T Hemam, Tl omiim] fm | oma 1T mmmmimr = b i i m AT T —
< | B
If and Then and
Chemizald, iz ChemizalB iz Level iz Temperature is
WermSmall WerpSmall
Small Small
b edium b ediurmn
Large
none
[ ot [ ot
Connection WwWeight:
" or

f+ and 1 Delete rule Add rule Change rule | il il

Saved FIS "tank” to disk Help | Cloze

<} Rule Editor: tank
File Edit View Options

19. If [Chemicald iz Large] and [Chemicall iz Small] then [Level iz Low][T emperature iz Cald] (1]

20 1F [Chemicald iz Large] and [Chemicall iz Medium) then [Lewvel iz Medium)(Temperature iz Warm] [1]

21. IF [Chemicald iz Large] and [Chemicall iz Large] then [Level iz High)[Temperature iz Haot] (1]

22, If [Ehemicald is Large) and [Chemicalk is VervLarge) then (Level is VerpHighllTemperature is VeryHat] (1]
23. IF [Chemicald iz YemlLarge) and [Chemicalb is WerwSmall] then [Level iz Medium](Temperature iz warm] [1°
24, 1 [Chemicald iz Vemlarge] and [Chemicalb iz Small] then [Lewel iz Medium][Temperature iz Wam) (1]

25, IF [Chemicald iz YerlLarge)] and [Chemicalb is Medium] then [Level iz High)(T emperature is Warm] (1]

26, If [Chemicald iz Vemlarge] and [ChemicalB iz Large] then [Level iz High)[T emperature iz Hot] (1]

27 IF [Chemicald iz YerlLarge) and [Chemicalb is WeryLarge] then [Level iz VYernyHigh)[Temperature iz WeryHal

b

It and Then and
Chemicald iz ChemicalB iz Level ig Temperature iz
WerSmall WerSmall WeryLom
Small
F edivim

[~ not
weight;

Connection

" or

{+ and 1 Delete rule Add rule Change rule | il il

Sawved FIS "tank" to digk Help | Cloze
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The Rule Viewer

The first way to verify the FIS model is using tRele Viewer. From the FIS Editor, pull

down theView menu, selectiew rules... as shown below.

<} |FIS Editor: tank

File  Edit RUE
Edit FIS propetties. .. Chri+1
-\ Edit membership functions... Ckrl+2
Edit rules... Chrl+3 e,
= |~ ="
Wiew rules. .. Chr+5 Ll
e \fiew surface,., Chrl+6 ni) e,
ChemicalB Temperature
FIS Mame: Lank FIS Type: mamdani
And method i - Current Yariable
Or methad e - Mame ChemicalB
Implication i p Type mput
Range [01]
Agaregation — -
Defuzzification cehtroid - Help Close
Ready
and the following window will be displayed
<} |Rule Yiewer: tank g@
File Edit View Options
Chemicald = 500 ChemicalB = 500 Level = 75 Temperature = 75.8
1 I
2
: —
4
-1
-]
7
5 = ] [ ] [ ] [ ]
9 = ] [ ] [ ] [ ]
10 = ] [ | [ ] [ ]
M = ] [ | [ ] = ]
12 [ ] | ] [ ] = ]
13 [ ] [ ] [ ] [ ]
14 [ ] [ ] | E— | E—
15 [ ] [ ] [ ] [ ]
16 [ ] [ ] [ ] [ ]
17 [ ] | ] [ ] [ ]
18
19 >
20
21
22
23
24 :;1
25 ! e -
1 = —— = ——
Input: | {500 500] Plotpoints:  [107 [[Move: et | right | down| wp |
Opened system tank, 23 ules Help | Cloge |
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The default values for the Input variables areldiggd on top, as well as the resulting
values of the output variables after defuzzificatido see the defuzzification curves
click on the Up button on the right lower side loé tvindow. The following window will
be displayed.

<) Rule Viewer: tank @@

File Edit Wiew Ophions
1 o ]
2 I ]
3 1 ]
4 — —— —
5 E— p
6 —— — —
7 ] ] ]
8 ] e ] e ] ]
9 = ] ———] ] C——] C——]
10 e ] C____ T 1 e ] ]
L P C__ T 1 = ] 1]
12 e ] ] ] ]
15 e 1 e ] ] C—
14 e ] e ] I |
15 e ] ] C——] 1]
16 e ] e ] e ] ]
17 [ ] [ ] = ] e 1
18 % e ] e ]
19 [ — — ] ]
20 — = —
21 [~ ]
22 ] e ]
23 - [ ] e ]
24 = %f ] [ ]
2 I — ) 1
0 1000 0 1000 I I
] 100 15 100
[npLat: | [500 500] Plat poirts: 101 Mowve:  |ept | fight | l:h:uwnl UDI
Opened system tank, 25 rules Help I Close I

You can change the input values by dragging thevegtical lines corresponding to the
input variables. The output variables change dynalyias the inputs are changed. The
next figure shows an example.
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<} Rule Viewer: tank @@

File Edit Miew Options
1 | i [ 1]
2 L . =]
4 ] ] &
5 = ] i
B % e ] e ] |
7 ] e ]
e S e ] I I
e ety -ty -t
L e C__ [ 1 | &=
L s C_————— 11 e ] e ]
12 e ] e 1] 1] e ]
15 Ce—— ] I ] ]
14 — ] ] ] I
=T = — ety -ty =
L= — = — 1 1] 1]
LI I ] 1] — 1]
18 —_— e ] ]
19 L ] ] e ] e ]
20 ] ] ] ]
2 ] s ] -
22 = [ ] e ]
23 i ] ] ]
24 = ] ] ]
25 - ] -

0 1000 0 1000 == = ——

0 100 15 100

Input: | [343.4 608.4] Plotpoirts: [0 [[Mover  jet | right | down| wp |
Opened system tank, 25 rules Help | Close |

Simulink
To simulate the fuzzy system once it has beenigdniith the Rule Viewer, we need to

create a Fuzzy Controller using Simulink. FromM&TLAB prompt type in
SIMULINK . The following window will be shown.
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[ simulink Library Browser

File Edit ‘iew Help

[ &= - Find ||

Fuzzy Logic Controller: FIS

“\ tark /

=) N Sirnwlink

- B Continuous

- B3| Discrete

y Functions & Tables
- B Math

< P Monlinear

- B Signals & Systems

- 2| Sinks

y Sources

[+ E| CDMA Reference Blockset
[+ E Communications Blockset
----- @ Control System Toolbox
- i D3P Blackset

[+~ El Fixed-Point Blockset
= E Fuzzy Logic Toolbo
.. 73] Membership Functions
-l NCD Blackset

- N Mewral Metwork Blocksst
(- | Real-Time Workshop

..... El Report Generatar

- Nl Simulink Extras

[+ Nl System ID Blocks

Ready

MF

tembership Functions

Fuzzy Logic Controller with Ruleviewer

Fuzzy Logic Controller

File Edit Wiew Simulation  Format \Tools  Help

It Directary: I c\fiufuzzy logicdemno

DEES 4B A BB €[> = [lomd

O

Fuzzy Logic
Contraller

|odeds y

The Simulink menu shows the different Blocksetsaltsd in your system. Using tligéle
menu, seledNew to create a model (shown on the right lower sid&® above figure).
Locate the Fuzzy Logic Toolbox on the Simulink mema expand it (click on the plus

sign as shown). Find the Fuzzy Logic Controllerckland drag it onto the new model as

shown.

Double click on the Fuzzy Logic Controller to sistparameter. The following pop up
window will be displayed.
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EEX)
Help

D|ﬁﬂ§|%é|f—"fi|ﬁ-§—®|b llNu:urmaI N R

File Edit View Simulation Format  Tools

Block Parameters: Fuzzy Logic Controller
FIS [mask] [link)

[FIS
% i Parameters

FIS File or Structure:

Fuz=y Logic
Contraller Itank
(] I Cancel | Help | Apply |
uleviewer
I( Directory: I c: iU
Ready [1002% |ode4s y i~

Type intankon the Parameters box. In order for this to warkariableank must exist

in the MATLAB workspace. To obtain this variablegrn the FIS Editor explained in the
previous section, pull down thele menu and sele@ave to WorkspaceOn the pop up
window type intankand click on the OK button as shown below.

Chemicall

ChemicalB

To verify thattankis already on the workspace, from the MATLAB prdrtype in the
command

>> whos

18



MATLAB responds with something like this
Name Size Bytes Class
tank 1x1 21414 struct array
Grand total is 733 elements using 21414 bytes
The Fuzzy Logic Controller block in Simulink haseoimput and one output. Since our
FIS has two inputs and two outputs, the block etgpe@-dimension input vector and a

2-dimension output vector. These acdumn vectors in MATLAB.

The following figure shows the finalized Tank Fuzygic Controller with all the
sources and sinks connected to it.

Start Simulation Stop Simulation

E! tank3

Filz= Edit Wiew Simulation  Format  Toaols  Help

0w S i S =1 T m_nlmal R
A
; Chem A
Yalve A 2
Selector B Ut

Level

Ly Horiz Cat H
- u u

To Wiokspace1

Water Level

¥

Yy

I atriz Multiport Fuzzy Logic u

Concatenation Switch Contraller

e ui2)

1

Temp

valve ® - Temperature
uz)
q}{y B

b Chem B

To fadespace

Y

Random Chemical
Quantities

Ready 100% odeds

To Start or Stop the simulation click on the copasding buttons on the toolbar as
shown on the figure above. To set the simulatioapaters, from th&imulation Menu,
select Simulation Parameters, and the followingdwim will be displayed.
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<} Simulation Parameters: tank3

Salver

|
Wnrkspacela’l:ll Diagnnstics| .ﬁ.dvanced|
Sirmulation tirne

Start time: | 0.0 Stop time; | inf

Salver options

Type: !Variable-step ﬂ ||:u:|e45 [Crarmand-Frince] j
Max step size: ,_EIL-JID Fielative tolerance: [18-3
bin step size: F‘E Abzolute tolerance: Fuh:n

Iritial step size: | auto

Cutput ophions

IF efine output

Refine factar: i—'l_

k. I Cancel

Help | Apply

Leave all parameters with their default valuesegx¢heStop Time. Enterinf (infinity
constant in MATLAB) to specify a continuous run silation (does not end until the stop
button is clicked). Or enter a number of time uriits 1000, for one thousand samples.
Simulink does not use a real time clock for simolatThe run time is set depending on
the component with the fastest sampling rate (gdhse is the random number generator
with sampling time = 1, explained later).

Other important Simulink Menu items are:

File Menu, toSavethe model

Simulation Menu, to change the simulation parameters (rue aamd others)
Edit meny to change signal names

Format, to change the way controls are displayed

The Fuzzy Controller system is made out of theofeihg components (Simulink
Blocksets):

The Fuzzy Logic Controller explained before

A Uniform Random Generator label@indom Chemical Quantitiés provide
random inputs to the fuzzy controller

Two manual Sliders labeledalve AandValve B to provide a manual input to the
fuzzy controller

A Matrix Concatenation block, to concatenate ti&i@er outputs and provide a
single input (2-column vector) to the Fuzzy cor&ol

A Multiport Switch, to select the input to the fyzezontroller: manual valves or
random generator
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A constant value block label&klector to control the multiport switch. When its
value is 1, the input comes from the sliders (mauakes); when its value is 2,
the input comes from the random number generator.

Two To-Workspace block, to save the input and owvpuaables to MATLAB
variablesnvar andoutvar

Function blocks, labeled, B, LevelndTemp These blocks split the 2-column
matrices into 1-column vectors for individual deghg

Four Displays to show the input and outputs offtlzzy controller

The following pages will describe how to setup plaegameters of each block.
1) The Uniform Random Number generator, can be founthe Simulink — Sources

Library. These are the parameters for a 2-columtmixnandom number
generator. The Sample time = 1 (one time unit).

Block Parameters: Random Chemical Quantities

Uniform Fandam Mumber

Output & uniformly distributed random zignal. Dutput iz repeatable for a
aiven seed.

Paramneters
IinirnLim:

[07]

Maximurn:
|[10001000]

Initial seed:
o]

Sample time:
1

v |nterpret vector parameters as 1-0

0K ! Cancel | Help I |

2) The Slider Gain blocks are found under Simulink ahMLibrary. Set the Lower
value to 0 and Maximum value to 1000 (for 0-100angs) for both sliders

3) The Matrix Concatenation Block is found under Simki- Signals & Systems
Library. These are the parameters:
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Block Parameters: Matrix Concatenation X

— Matrix Concatenation [maszk] [link]

Perfarm harizontal ar vertical concatenation. 1-0 wectar input zsighals are
treated as column vectors, e, [Me1] matices. The output iz always a
rriakris,

— Parameters
MHurnber af inpLks:

B

Caoncatenation method: IHDrizu:untaI j

k. I Cancel | Help | Apply |

4) The Multiport Switch is found under Simulink — NamearLibrary. These are
the parameters:

I Multi'PDrt SW“CI"I' e S e e

Fazsz through the input signals coresponding to the truncated value of
| the first input.

e e e e et
[ Mumber of inpuits:

k. I Cancel Help Aply

5) The Constant Value block for ti8elector can be found under Simulink —
Sources Library. Double click on the block and ethe desired value.

6) The To Workspace Block can be found under Simulirsinks Library. Double
click on the block and enter the name of the MATL@diable. Make sure to use
Save Format Array as shown below.
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Block Parameters: To Workspace

B Tl:l WDrkSpaCE e P e e

Wirite input ta specified array or structure in MATLAB's main warkzpace.
| Data iz nat available until the simulation iz stopped or paused.

D e e e e e e
| “Yanable name: |

Limit data points to last:
finf

i D ecimation:
|1
Sample time:

[

' S ave format: iﬁ"-rra_'r'

k. ] Cancel Help J Apply J

7) The Function block can be found under Simulink Adtions & Tables Library. It
is mandatory that the input to the block is nametio select column 1, double
click on the block and entef1); for column 2 enteu(2). To name the input to
the block, click on the line, select tReit menu, Signal Properties, and in the
Signal Name box enter.

Block Parameters: A X

r T g R

General exprezzion block. Use "u' az the input variable name.
Example: zsinfu[1] " expl2.3 7 -u[211]

i
i E xpression:;

il

Ok l Cancel Help Apply j

8) The four displays can be found under Simulink kSikhibrary. The default
display has been changed by right-click the mounsthe display. The
Background Color was changediiack the Foreground Color ted and the
Font size was increased to 26. The resulting dysglahown below.
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Block Parameters: Chem A X

Dizplay

Murmeric: dizplay of input values.

Parameters
RN st
Decimation:

i
[ Floating dizplay
Sample time:

|st

] 4 | Cancel Help | |

Notice the Sample Time st. This is usually a number, multiple of the fastsnpling

rate in the system (in this case 1, the random ruménerator). However, depending on
the computer you are using, the display may chamgéast or too slow. Since we have 4
displays, instead of changing the value on the éigplays until the rate of change is
acceptable, we use a MATLAB variable nansédlhis way, we only need to change the
value ofst and all displays will change the sample time. FtbenMATLAB prompt,

type in:

>> st=50;

After running and stopping the simulation, using Bandom Number Generator, the
resulting input and output variables are stored//é&TLAB variables. To verify this,
enter the following command on the MATLAB prompt:

>> whos

MATLAB responds with something like this:

Name Size Bytes Class

ans 1x1 8 double array
invar  1352x2 21632 double array
outvar 1352x2 21632 double array
st 1x1 8 double array

tank 1x1 21414 struct array
tout  1000x1 8000 double array

As you can see we have a 2-column matrix for tpetivariables (chemical quantities),
invar, and a 2-column matrix for the output variablesa(@v Level and Temperature),
outvar.

24



To show a simple example of how to split the masimto individual vectors and plot
them, enter the following code at the MATLAB prompt

chemA=invar(:,1);
chemB=invar(:,2);
Level=outvar(:,1);
Temp=outvar(:,2);

%plot the first 20 points; Level and temperature szaled (10 times)
plot(chemA(1:20),'r");hold on;

plot(chemB(1:20),'b");hold on;

plot(10*Level(1:20),'g");hold on;

plot(10*Temp(1:20),'c’);hold on;

grid on;

The resulting plot with the 4 variables will shoansething like this.
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