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Before you begin

Before you start using Adaptive Fuzzy Modeller (A.F.M.), itisimportant to understand the terms
and notational conventions used in this documentation.

General Conventions

The word "Choose” is used to carry out a menu command or a command button in a dialog
box.

The chosen commands are given with the menu name preceding the command name. For
example, the instance "Choose FILE OPEN" tells you to choose the OPEN command from the
FILE menu. This naming convention describes the sequenceyou have to follow in choosing
the command - at first you select the menu, and then you choose the command.

Bold type in text indicates words or characters you type.

Italic type indicates important terms introduced in the section.

UPPER CASE type in text indicates the names of commands and menu buttons of AFM
Anumbered list (1, 2, ...) indicates a procedure with two or more sequential steps.

Abullet symbol indicates a list of elements belonging to the same object (for example the fields
of a dialog box).

Mouse Conventions

AFM requires one mouse button. The default one is the left button but you can change the
setting to the right button with the Control Panel. For information on changingthe mouse button,
see your operating system documentation.

"POINT” means to position the mouse pointer until the tip of the pointer rests on what you want
to point to on the screen.

"CLICK” meansto press and immediately release the mouse buttonwithout moving the mouse.
"DOUBLE CLICK” meansto press the mouse button twice in rapid succession.

"DRAG” means to press the mouse button and hold it down while you move the mouse.

Keyboard Conventions

4

Aplus sign (+) used between two keys indicates that you must press both keys at the same
time. For example ALT+F means that you press the ALT key and hold it down while you press
the F key; this is the shortcut to choose the File menu.

A comma (,) between two keys indicates that you must press those keys sequentially. For
example, "Press ALT, F, O” means that you press the ALT key and release it, press the F and
release it, and then press the O and release it. Thisis the shortcut to choose the FILE OPEN
command.
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Introduction to Adaptive Fuzzy Modeller

Adaptive Fuzzy Modeller (AFM) is a software tool for the automatic fuzzy model generation of
a system starting from its Input-Outputdata sampling.

The AFM design flow costists of the following main steps:

Project setting Definition of project name, target processor, number of Input/Outputvariables
and number of related fuzzy sets.

Learning Building of the rules and tuning of each Membership Functions position and
shape associated with the fuzzy sets.

Simulation Computation of the consequents related to the given Inputs in order to verify
the validity of the project.

Exporting Project translation to W.A.R.P.1.1 and W.A.R.P.2.0. development systems,
MATLAB and C code, in order to use the related environmentas a support
for simulation and control of the so modelled process.

Setting Learning Simulation Exporting

Name

Target Processor
I/O Variables

Build Rules and

W.AR.P1.1

W.A.R.P.2.0

MATLAB
ANSI C

By File
By Pattern

Build

! embership Function

g
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Itis the first menu to be used in order to start working on a project. It allows you to define the
process parameters and to supply the process samples file for the fuzzy model design.

Selecting NEW, the fuzzy system configuration can be initialized. If the project has already
been defined, the option OPEN must be used to access to the related file. Once the project
has been selected, the other menus are activated and you can go on working. The command
SAVE and SAVE AS allow to release the allocated resources and to terminate the current
project elaboration saving the project information. The command PROJECT INFO supplies
you all the information concerning the project while the PRINT facilities allow you to printthe
project data. Selecting the command EXIT the AFM will be closed and the control will pass to
Windows Environment.

Adaptive Fuzzy Modeller

File ¥iew Learning Exporter Tools W.A.RLP.-5DT Dircctories YWindow Help

El
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Learning

The Learning phase consists of two different steps: Build Rule and Build Membership
Functions.

Note that it is necessary to carry out the building of the rules before building the Membership
Functions (Mbfs), because the parameters needed for the last phase are generated during the
former phase.

Build Rule

The automatic fuzzy rules identification is carried out thanks to an unsupervised learning on a
Winner-Take-All Fuzzy Associatives Memory (WTA_FAM) neural network. Moreover, this step
initializes the Mbfs position that will be optimized during the next step.

Otherwise, if you are an expert on your system, you can reduce the learning cycle rate by
initializing manually the fuzzy sets and rule parameters.

As a result you will be supplied with a rule file containing the linguistic expression of the rules.

Rule, Rule Rule,

IO | IO,[lIO |10, = = = O = s = [0
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Build Membership Functions

Allows to select the Mbf shape and the fuzzy intersection method for the project elaboration.
Starting from the rule file supplied by the previous phase (BUILD RULE), this command initially
associates to each fuzzy set a standard Mbf shape which will be tuned during the learning
phase in order to let the fuzzy system better approximate the process/function samples by
means of subsequently running sessions.

The Mbfs setting is carried out by a Supervised Learning on a multilayer Backward-propagation
Fuzzy Associative Memory (BACK_FAM) neural network that identifies the position and the
shape of each Mbf.

At the end of this phase you can graphically see the complete fuzzy set associated to each
project variable.

IFx,ISX, AND .... x IS X THENYIS Y

El
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Tools
It is composed by different sub-menus:
Local Rules
Allows you to add local rules in order to tune your project in particular system condition. This
could be pointed out as an error because of the imposed hardware limitation
Simulation
Allows you to simulate the fuzzy system behaviour in order to verify the approximation level
obtained during the learning phase.
The simulation can be carried out in two different ways:
Simulation on a single pattern:
You must supply the simulator with the values of the variables corresponding to the point
to verify;
Simulation from file:
You must supply the simulator with the file name of a pattern containing an input test signal
and the relative output that will be used to perform a complete process inference.
Exporter
Provides a coding of the project to be imported in other programming environments in order
to carry out its simulation and validation.
Supplied options are the MATLAB, C, FU.L.L. and W.A.R.P.-Software Development Tool
conversions. Once you have selected an option the new project model is automatically
generated by the Exporter.
W.A.R.P.-SDT

g

The W.A.R.P.-SDT RUN command allows to start the W.A.R.P.1.1 Software Development Tool
directly from the AFM window, in order to edit or compile your project after it has been
translated by the related exporter.
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View

It provides a visualization of the fuzzy model extracted during the learning phase. The Mbf of
each fuzzy set is described through their analytical expression or through their graphical
representation. The inference rules are described through their linguistic expression.

Directory

Provides an easy way to define the path for each file involved in the project. Used during the
elaboration of a project, it allows you to state the directories that the dialog box will access
directly while opening or saving the project files, avoiding you to move among the directories
in order to choose the files location.

Window

Provides an easy way to manage with the graphical windows related to the current application.
The provided facilities are: Tile, Cascade, Close All and Minimize All. The Tile and Cascade
commands allow to dispose all the windows one next to the other or one upon the other. The
Close All discards all the graphicalwindows and the Minimize Allreduces each of themto icons.




Adaptive Fuzzy Modeller Basics

Before using Adaptive Fuzzy Modeller, you first need to learn some basic skills. This chapter
gives instructions for installing and starting AFM, using the online Help, the mouse and the
keyboard to choose the commands and to select the dialog box options.

System Requirements

Before you install AFM, make sure you have all the hardware and software you need to run
the program:

Intel type 80386 processor or higher (80486 recommended)
2 Mbytes RAM memory

Hard Disk or Floppy disk with at least 1 Mbyte of free space
VGA or higher graphics card

Mouse

Ms-DOS version 3.3 or higher

Windows version 3.1 or later

Installation

)

Your first step in using AFM is to use the Setup program to install AFM on your hard disk. Be
sure to start Microsoft Windows before installing the AFM.

1
2

Insert the installation disk (labelled "Setup”) into the floppy disk drive A or B.

Once Windows is running, select the Run command from the PROGRAM MANAGER FILE
menu.

Type AN\SETUP in the Command Line box then choose OK or press ENTER

A Window mask will appear, containing a window with the "Initializing setup” message. If
you do not want to continue the installation, choose the EXIT button, else choose OK.

A dialog box appears to set the directory where you want to install AFM. If a directory is
not specified, the directory C:\AFM will be automatically generated.

After copying the necessary files, the setup program automatically generates the group
and the icon to start the program.

When the setup procedure is completed, you go back to the Program Manager.
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Starting to use

After installing AFM, you can start your design project.

To Start AFM:

1 Double-click AFM group icon in the Program Manager window, or open the group that
contains AFM.

2 Double-click AFM icon to start it.

Choosing Commands from Menus

10

AFM commands are grouped in menus. The menu names appear in the menu bar displayed
on the top of AFM window.

To choose a command with the mouse or the keyboard, first select the menu and then choose
the command you want. The following figure shows AFM windows with the File menu selected.

Each underlined character in menu and command names corresponds to the key you can
press to select a menu or to choose a command.

In AFM, commands are referred to by the menu and the command name. For example the
OPEN command on the File menu is called the File OPEN command.

Choosing a command by using the mouse

If you use the mouse you have to follow this steps to choose a command:

1 Todisplay a menu containing the command you want, click the menu name in the menu
bar.

2 Click the command name.

You can also point to the menu, drag to the command you want, and then release the
mouse button.

3 Ifthe command displays a dialog box, specify the information you need, (see "Working in
a Dialog Box”).

4 When you finish with the dialog box, click the appropriate button to carry out the command.
Choosing a command by using the keyboard
If you want to choose a command with the keyboard:

1 Pressthe ALT key to activate the menu bar.
The File menu appears selected, indicating that the menu bar is active.

2 Toopen a menu press the key of the underlined letter of the command name you want to
select or use the left or right arrows keys to select the menu name and the down arrow
key to open it.

3 Ifthe command displaysa dialog box, specify the appropriate information you need. Notice
that you can change field by pressing the TAB key.
To close a menu, click anywhere outside the menu and the menu bar or press the ESC key.

To cancela command, click the CANCEL button on the dialog box or press the ESC key.

A command name followed by the symbol ... on a menu indicates that AFM displays a dialog
box.

&r




Menu bar Window

Rule-Based Modeller

Command menu  ————7

Print Setup ...
Exit

The Underlined letter shows
you which key to press to
choose a command

Working in a Dialog Box

When you choose a command having options, AFM shows a Dialog Box. A Dialog Box may
include areas in which you enter text or numbersand view or change settings for option related
to the command.

Some dialog box options occasionally appear dimmed. This indicates that the option is not
currently available.

Text box

HP LaserJet Si

Resolution: 3I]l] dots per inch

Paper Size: A4 210 % 297 mm

Paper Source: [Upper Tray

Group E
\ Memony: ‘1_5 MB ‘!‘
:_l]\rienlation— Fonts...

g _Eoms... |
@ Portrait Copies: [1 1]

[ Landscape

[ Cartndges [max: 2)

. HP: WordPerfect
List box HP= m;lrﬁlfl're_?l:_
HP- Great Start

HP: ProCollection ﬁ
+*
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Using Help

12

AFM is provided with a complete online reference tool. Help is especially useful when you need
information quickly or when your User Guide is not available. Help contains information about
each command and dialog box.

When you are working with AFM, you can select HELP by double clicking the help item on the
menu bar or choosing the HELP button that appears on the dialog box.

Once you are in Help, there are different ways you can move to other topics to find exactly the
information you want, including:

Jump Terms. Jump terms are underlined with a solid line and are used to go to the topicsin
the HELP window.

Back button. The Back buttonis used to step back through all the topics you have viewed since
opening the HELP window.

Index button. The Index button is used to display the list of Help Topics.

Search button. By clicking the Search button a dialog box appears allowing you to select and
view the Topic you want help with.

Browse buttons. The Browse buttons allow to forward and backward logical movement among
the Topics. The buttons are respectively labelled >> and <<, andthe movementfollows alogical
predefined order.




)

File Commands

AFM allows project files to be managed by means ofthe FILE menu. The managementofthese
filesis performed according to the standards typical of Windows programs.

Choose the FILE menu to enter file management operations, and select the following items
from the sub-menu:

Qpen...
Save...
Save As...

NEW: closes the actual project and opens a new project.
OPEN: loads an already defined project from disk.
SAVE: saves into the disk the actual running project.

SAVE AS: saves into the disk the actual running project while allowing destination drive,
directory and name to be defined.

PROJECT INFO: supplies all actual project file information.
PRINT: allows to print the fuzzy data structures of the current project.

PRINT SETUP: allows to select and configure the printer.

EXIT: closes AFM application.

Adaptive Fuzzy Modeller: CA.\SAMPLESA\TUTOR.NPJ
View Learning Exporter Tools W.ARP.-5DT Directories Window Help

Project Info...

Print ...
Print Setup ...

Exit

13
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Creating a New Project

14

To create a new project choose FILE NEW command. Everything previously defined will be
discarded from memory. If the project has been modified after the last saving, after selecting
NEW a save request message box will appear. Choosing NO the project will be discarded
without being saved, choosing YES it will be saved according to the information defined in the
save request dialog box allowing you to go on with the definition of a new project.

Project Setting

Choosing OPEN command a dialog box will appear asking you to define the main parameters
of your project.

The NEW PROJECT dialog box contains:

e the PROJECT NAME edit box

e the TARGET list box

BROWSE tool helps you to define the path and the name of your project files.

Selectfrom the TARGET list box the processor on which you are stating the project. This will
affect the dimension of the problem you are dealing with, because of the hardware limitation
imposed by the target processor chosen.

Up to now the following targets are available:

GENERAL PROCESSOR
max. 8 antecedents, max. 4 consequents, max. 214 rules.
Gaussian, Scalene and Isoscele Triangular Mbfs.
Inference Method: Minimum or Product.

WARP.1.1
max. 4 antecedents, max. 2 consequents, max. 256 rules.
Gaussian, Scalene and Isoscele Triangular Mbfs.
Inference Method: Minimum.

W.A.R.P.2.0
max. 8 antecedents, max. 4 consequents, max. 256 rules

Scalene and Isoscele Triangular Mbfs.
Inference Method: Minimum.

In case of a wrong name or of problems during the operation, an error message will appear.

Once stated the choice, click the OK button to carry on with the initialization of the project or
CANCEL to discard FILE NEW procedure.

)
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File

Project Hame:

| tutor_npj | 0K
Target:
[ — Browse
wWARP 11
wWARP. 20

Cancel

Training and Reporting Files

The generation of the project requires a training set of patterns that link input values to the
output ones. You specify the training file - characterized by the extension .PAT - in the
PATTERN FILE box text.

AFM generates two reporting files, in ASCII format, containing all data about rules and
variables in orderto help you in projectuderstanding and checking.

These files are stored by defaultin the project directory by using the extensions .RUL and
.MBS; eventually, you can modify path and name in the related text box. BROWSE tool helps
you to define the path of your project files.

If the definedrule file already exists, a message box will appearasking you whether to overwrite
the file or use it as rule file for the current project. If you choose to use it without overwriting,
AFM will accomplish a control of correctness to verify the compatibility between the project
parameters defined at the previous steps, and the parameters information contained in the
rule file.

= Mew Project

Pattern File Name:
Antecedent Number:

‘ c-\afmisamplesi\tutor_pat |

Rule File Hame:

|c:\afm\samples'\lulm.rul | Consequent Mumber:

IE

Membership File Mame:

|c:\afm\samples'\lulm.mhs |

| [1] 4 | | Browse ‘ ‘ Cancel | | Help

15
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If the file format is correct, the setup will go on. Otherwise, a message box will appear informing
you about the incompatibility of the format file.

The Membership Function file must be a new one. If the selected file already exists, its content
will be cancelled.

Using the two drop-down lists on the right side you have to define the number of input/output
variables for the current project.

Once stated the choices, click the OK button to go on. Clicking the CANCEL button the FILE
NEW procedure will be discarded.

Variables Definition

The Variable Definition dialog box will appear containing:

» the drop-down list for the selection of the working variable

e the drop-down list for the fuzzy sets number selection

e alist box displaying the working variable type (Input/Output)
e an edit box for the minimum variable value

e an edit box for the the maximum variable value

e the OK, CANCEL buttons.

For each variable perform the following procedure:
1 selectthe variable using the corresponding drop-down list
2 selectthe related number of fuzzy sets using the appropriate drop-down list.

3 fix the minimum and maximum values: the values contained in the edit boxes are directly
computed by the program analyzing the pattern file, but you can modify them editing the
desired ones.

Once stated the choices, click the OK button to go on. Clicking the CANCEL button the FILE
NEW procedure will be discarded. In the case you have selected OK without defining all the
variables, a message box will appear informing you of the error occured. The VARIABLE
DEFINITION dialog box will reappear allowing you to complete the procedure.

Note: for the Output variables you have to state only the boundaries. The number of
fuzzy sets is directly fixed by the system.

Variables Definition Variables Definition

Wariable n_: Wariable n_:
[ Variable Data [ Variable Data
N* of Fuzzy Sets: Variable Type: N* of Fuzzy Sets: Variable Type:
Input | ‘I]ulpul
Minimum: Maximum Minimum: Maximum
[4.879120 | [+.844780 25600009 | [25.500000

)
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Variables and Fuzzy Sets Renaming

AFM automatically generates 1/0O variables and related fuzzy set names by using a simple
indexing.

ANTiand FUZZYSETI j identify the i-th input variable and its j-th fuzzy set respectively; CONS/
and CONSm_n for the m-th output variable and n-th fuzzy set for the consequents.

These names could be very useful to uderstand the behaviour of the fuzzy model. For this
reason, a message box will appear allowing you to selectthe modality to be followed for the
fuzzy sets name assignment.

You can choose between:

e automatic assignment: click the NO button. AFM will fix a default name for each fuzzy set.

¢ manual assignment: click the YES button. A dialog box will appear allowing the user to
define a name for each fuzzy set.

Such a dialog box contains:
e the variable number edit box showing the number of the working variable
» the variable name edit box to define the name to be assigned to the working variable

e the fuzzy set humber drop-down list to select the fuzzy set of the current variable to which
assign the name

« the fuzzy set name edit box to type the name to be assigned to the selected fuzzy set
e alist box containing the names until now assigned to the fuzzy sets of the current variable

< the ADD button which allows to add the stated fuzzy set name in the fuzzy sets names list
box

+ the DONE button which will be enabled once defined an entire variable.

Yanable: Yanable Mame:

List Hames:

Megative

FUZSYSET1_3

Fuzzy S5et Hame
[Max 15 char]:

17
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To set the names you have to perform, for each variable, the following procedure:

o O~ WN

the working variable number is automatically displayed in the corresponding edit box
edit its name in the variable name edit box

select the working fuzzy set using the corresponding drop-down list

type the fuzzy set order numberin the apposite edit box

click ADD button to add it in the name list box.

click DONE button once you have defined all the fuzzy sets names for the working
variable.

Once assigned the fuzzy sets names, a message box will appear informing you that the
FILE NEW procedure is finished. The current project is the new one and you are enabled
to work on it. In the main window caption the "AFM” nhame will be replaced with the project
name defined at step 1.

Opening an Existing Project

18

To open an existing project you can use FILE OPEN command.

Everything previously defined will be discarded from memory. If the current project had been
modified after the last saving, after selecting OPEN a save request message box will appear.
Choosing NO the project will be discarded without being saved, choosing YES it will be saved
according to the information defined in the save request dialog box allowing you to go on with
the definition of a new project.

The OPEN FILE dialog box will appear, allowing to choose the existing project to be open.

Once selected the projectfile, the OPEN PROJECT dialog box will appear informing you about
the parameters characterizing the problem: target device, number of I/O variables, training and
reporting file names, inference method and Mbfs shape.

Click the CONFIRM button to load the project.

Open Project

[ Project Configuration
Target: |W..ﬁ.H.P.-2_|] |
Antecedent Number: |2 |
Conzequent Humber: |1 |
Pattern File HName: |tulur.pat |
Rule File Name: |tulur.rul |
Membership File Hame: |tulur.mhs |
Inference Method: |Hinimum |
Membership Shape: |5calene Trnangles |

)
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Saving the Project

Choose FILE SAVE in order to save a project into a file. It will be automatically saved with the
name appearing in the main window caption.

The SAVE item is dimmed if no project has been loaded or if the current one has been already
saved.

In order to define or change the name of the project while saving it into a file, choose SAVE
AS. The SAVE AS dialog box will automatically appear (fig.6)

Type the desired name in the FILENAME text-box. Select either a name or a path by using the
SAVE dialog box likewise for the OPEN item. Then click the OK button. The project will be
saved into the disk, and its name will appear in the main window caption. If a projecthaving
the same name already exists, a dialog box will appear allowing you either to overwrite the
existing one or not.

If there have been problems during saving operation, or if an invalid path has been specified,
an error message will appear.

Note: the project file will contain all the information about the antecedent and conse-
quent variables and the pattern, rules and membership function file paths.

Project Information

g

After opening or creating a project you can get information on it by choosing FILE PROJECT
INFO command.The PROJECT INFORMATION dialog box will appear containing:

e the number of 1/O variables and their definition: number of fuzzy sets, minimum and
maximum boundaries.

« the list of the files involved in the project: pattern file, rule file, Membership Function file.

* the learning phase parameters: inference method, membership functions shape, number
of rules and error reached during the last Build Membership session(for more information
on this concepts see Build Membership Function session).

To exit the dialog box click the OK button.

Note: the information displayed in the dialog box are of read only type. You cannot

modify an
= Project Information

/0 Humbers — | [ ¥ariable parameters:
Antecedent Humber: Varniable Number: Minimum:
B \ [ | -4.879120
Conzequent Humber: Fuzzp Set Humber: M aximum:
[ \ [5 | 4.844789

[ Pioject Files— | [ Leaning Parameters
Pattem File Name: Interence Method: Hule Humbers:
|Iulur.pal ‘ Minimum | |'|5
Rule File Hame:
|Iu|ur.lu| ‘
Membership Fils Name: Membership Shape: Actual Error:
|lulur.mhs ‘ Scalene Triangles | |U.E?9233

19
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Printing Project Data Structures

20

Choose FILE PRINT command to print the fuzzy system related to the current project.

The PRINT dialog box will appear.

The dialog box contains:

three check boxes to mark the information to be printed (rules, membership functions and
simulation results)

the drop-down list to choose the print quality

the check box to select the "print to file” option

the edit box for the selection of the number of copies required
the OK, CANCEL and SETUP buttons.

Perform the following procedure to print the information:

1 selectthe data to be printed marking the corresponding check box.

2 selectthe number of copies to be printed.

3 click SETUP buttonto configure the current printer (for more information see Printer Setup
command specification.)

4 click OK button to go on with the print command.

Note:

The Rules and Membership check boxes are enabled only if they have already been
generated using the corresponding BUILD commands.

The Simulations check box is enabled if at least one simulation window is open, and
only the opened ones will be printed.

N P

Printer: Default Printer [HP DeskJet 1200C
on LPT1:]

Cancel

Print Range

| Membership
| Simulation

(]
&
=
T

bl

Print Quality:  [High E3
] Print to File Copies:

i

)
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Printer Setup

Choose FILE PRINT SETUP to select and configurethe currentprinter. In order to utilize the
setup options refer to the printer manual or to the On Line Help, which is approachable from
the same Setup window.

Exit from AFM

g

Choose FILE EXIT in order to end the current session. The main window will be automatically
close and AFM session will finish.

If the current project has not been saved a save request message-box will appear.

Press the YES button in order to save the project before closing the run session, press NO to
exit without saving the last changes made.
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Learning Commands

AFM allows either to extract or define the inferencing rules related to the project encoded by
means of the File NEW command, and next to define and tune the shape and position of the
Membership Function shapes associated to each variable.

Note: the Learning commands are dimmed if no project file has been previously loaded.

Build Rules

This menu item has two sub-menus allowing you to choose between the automatic extraction
of the rules using neural networks and the manual insertion. Such rules will be used as starting
point for the second phase i.e. Build Membership Learning, so a good Mbfs initialization is very
important to avoid falling in a local minimum of the error function.

If you already know where to place the centroid of the rules, i.e. the pointin which a fuzzy sets
has its maximum truth value, you can choose manual insertion and insert them in the related
dialog box (see Manual Insertion paragraph for insertion procedure). Instead, use neural
network if you want AFM to find such centroids.

Using Neural Net

This sub-menu allows to extract the if-then rules describingthe correlation among the variables,
in accordance with the fuzzy sets number defined during the creation of the project.

Choose BUILD RULES USING NEURAL NET command in order to carry out the operation.
The first time you select the command a dialog box will appear allowing you to choose either
to generate all the possible rules, in accordance with the number of fuzzy sets defined over
the variables, or to generate only the necessary ones.

Then the BUILD RULES dialog box will appear requiring you the parameters necessary to
initialize the Neural Network and perform the learning. It contains:

e an edit box to write the number of iterations to be performed

e an edit box to write the minimum mean error required (called ERROR)

e an editbox to write the minimum mean movement required for the centroids (called DELTA)

e two radio buttons to select the parameters correlated to the learning rate. These buttons
are labelled Automaticand Manual. Choosing the Automaticoption AFM will setthe learning
rate value by itself; choosing the Manual option you have to edit in the apposite edit box a
learning rate value in the range (0,1). In case of an incorrect value, a message box will
appear informing you about the error occurred and a new value will be required. The
automatic option is activated by default

* an edit box showing the iteration number, current error and centroids reached during the
elaboration

* the RUN, CLOSE and PAUSE buttons

e Error, learning rate, number of iterations and delta parameters play an important role during
the learning phase. In fact they affect its termination conditions and the neural network
behaviour

23
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Temination conditions

Error parameter indicates the medium error you want to obtain. When the current error will
be smallerthan such a value, the learning phase will stop.

Delta parameter indicates the average of centroid movements. A small current delta value
indicates the neural network is becoming stable and to perform further iterations have a
slight effect. So, you have to insert a value which will be considered as a threshold. When
current delta will reach this threshold, the neural network is consired stable and the learning
phase will stop.

If none of the previous conditions is true, iteration number indicates how many times the
neural network has to look over the pattern values.

Neural Network Behaviour

You can affect the neural network behaviour inserting a learning rate value belonging to
the range (0,1). The more such a value is increased the more the neural network learns,
but a high learning rate can cause the neural network to never reach the local minimum
error. In fact, at each iteration the neural network changes its weights according to the
algorithm which uses such a parameter to compute the new weight. So a small learning
rate implies a slow convergence to the minimum error, instead a high learning rate can
improve such a convergence speed.

To perform a learning session you have to set all the parameters required and press RUN
button. During the operative phase the dialog box is disactivated except for the PAUSE
button which allows to interrupt the learning phase before reaching a stop condition.

Once the operative phase has been completed, the dialog box becomes active. You can
perform another operative session choosing RUN, or exit the dialog box clicking the CLOSE
button. Once the dialog box has been closen, the main AFM windows is restored.

[ Learning Rate ™ |
Step: 10
) Automatic P
Current Error: 6. 756687
{t Manual
I:I Cunent Delta: -0.230890
" Parameters
M* of iterations: Delta: Error:
100 \ [0.001 | [0.001
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Manual Rules Definition

This sub-menu allows to manually set the position of the center of each fuzzy set instead of
letting them to be automatically selected. The inferencing rules, using these values, are
generated by AFM itself.

Choose Build Rules MANUAL INSERTION command. The Centroid Insertion dialog box will
appear. It contains:

a drop-down list to select a variable number (working variable)
an edit box showing the working variable name
two edit boxes showing the minimum and maximum values of the working variable

two list boxes showing the working variable fuzzy sets names and the corresponding
centroid default value

an edit box to type the centroid values
the ADD button to add the centroid values in the apposite list box

two radio buttons to select between the generation of all possible rules and only activated
rules

the OK and CANCEL buttons.

To setthe centroid values you haveto perform, forevery fuzzy set of each variable, the following
procedure:

1

2
3
4

select the number of the working variable using the corresponding drop-down list
select the working fuzzy set using the corresponding list box

type the centroid value

click ADD button to add it in the centroid list box.

Once all the fuzzy sets centroid values have been assigned, select the radio button correspon-
ding to the way to be followed for the inferencing rules generation. Then click OK to go on or
CANCEL to discard the MANUAL INSERTION procedure.

Note: "All Possible Rule”radio button will be dimmed if you are stating a project for
the general target and the maximum possible amount of rules is more than 214

[ Universe bounds

WYariable n- Variahle Hame: Minimum:
P [Brake Enar | [-4.879120 |
M aximum:
Fuzzy Sets: Centroids: 814789
FUZZYSET 1 -4.5 =
-1.961947
FUZZYSET1_3 -0.017165
FUZZYSET1_4 1.927617 [ Building Rules
FUZZYSETT 5 3.872399
@ All Postible Rules
_E;“Im'd Value: 7 Dnly Activated
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Build Membership Functions
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The second stepin the fuzzy process modelling consists in the tuning of the shape and position
of each membership function associated with the fuzzy sets defined during the creation of the
project we are dealing with.

Choose Learning BUILD MEMBERSHIP command in order to carry out the operation.

Mbfs Shape and Inference Method

Before to start the Mbf parameters learning, define which kind of Mbfs - isosceles triangles,
scalene triangles or gaussian shape - and which fuzzy intersection operatorto be applied during
the inferencing phase.

The fuzzy intersection operator represents the way to combine the membership degree of the
antecedentsof each rule. The most commonly used is the minimum operator; AFM allows to
select either the MINIMUM or the PRODUCT operator.

" Membership Function Shapes r Inference Method
® Gaussian @ Product
O Izozceles Triangle {:} M inimum

) Scalene T niangle
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Mbfs Learning

The Mbfs learning phase is managed by the BUILD MEMBERSHIP FUNCTIONS dialog box.

The dialog box contains:

an edit box to write the number of iterations to be performed
an edit box to write the minimum mean error required

three couples of radio buttons to select the parametersrelated to the learning. The learning
rates you have to state are: one for the antecedent fuzzy sets position, one for the
antecedentfuzzy sets shape, one for the consequents fuzzy sets position. The buttons are
labelled Automatic and Manual. Choosing the Automatic option, AFM will set the learning
rates values by itself; choosing the Manual option, you have to edit in the apposite edit box
a learning rate value in the range (0,1). In case of an incorrect value, a message box will
appear informing you about the error occurred and a new value will be required. Click the
OK button to confirm the data and go on with the learning or the CANCEL button to quit
the learning phase.

an edit box showing the iteration number and current error reached during the elaboration
the RUN, CLOSE and PAUSE buttons.

Note: According to the implemented algorithm, if you have choosen manual learning

rate, we suggest you to insert, for the antecedent fuzzy set position and shape, a
learning rate whose magnitude order is inferior to that of the consequent fuzzy set.
positions.

To perform a learning section you have to set all the parameters required and press RUN
button. During the operative phase the dialog box is disactivated except for the PAUSE button

which allows to interrupt the learning phase before reaching a stop condition.

Once ended the operative phase the dialog box becomes active. You can perform another
operative section choosing RUN or exit the dialog box clicking the CLOSE button. Once exited
the dialog box the main AFM windows will be restored.

Choose Learning Hate for:

Centroid Antecedents Centroid Consequent [ Shape
i Automatic ® Automatic @ Automalic
r Manual: ) Manual: 2 Manual:

[ Inference Method: ]

Error:
Step: Product
[ Shape:
ape Iterations:
Current Error:
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View Commands

The VIEW menu of AFM supplies you with the capability to visualize the fuzzy model extracted
for a particular project. It allows a separate visualization of the inference and Membership
Functionrules.

The rules can be visualized in a linguistic format. For the Membership Functions you can
choose between a linguistic and a graphical format visualization.

Note: the VIEW commands are dimmed if no project has been previously loaded.

Displaying Rules

In order to visualize the set of rules that AFM has determined for the current project, choose
the VIEW RULES command. A dialog box will appear showing the rules list in the following
linguistic format:

each rule is expressed by means of an if-then sentence

You can use the scroll bars to move inside the rules.

each rule contains antecedents variable fuzzy sets related by an operator and .

Adaptive Fuzzy Modeller: CA.. \SAMPLES\TUTOH.NPJ - [15 rules and 1 local rule

=| File Y¥iew Learning Exporter Tools W.ARP.-SDT Directories Window Help | =
+

if Brake Error is neg_big and Brake Variation is neg then Yoltage is CONS1_1 L |

if Brake_Error is neg_big and Brake_Variation is =zern then Voltage is CONS1_2

if Brake_Error is neg_big and Brake_Variation is pos then Vollage is CONS1_3

if Brake Error is neq and Brake Yariation is neg then Yoltage is CONS1 4

if Brake_Error is neg and Brake_Variation is =zero then Voltage is CONS1_5

if Brake_Error is neg and Brake_Variation is pos then Voltage is CONS1_6

if Brake_ Error is zero and Brake Variation is neg then Voltage is CONS1_7

if Brake_Error is zero and Brake Variation is zero then Voltage is CONS1_8

if Brake Error is zero and Brake VYariation is pos then Yoltage is CONMS1 9

if Brake_Error is pos and Brake_Variation is neg then Voltage is CONST_I0

if Brake_Error is pos and Brake_Variation is zero then VYoltage is CONS1_11

if Brake_ Error is pos and Brake Variation is pos then Voltage is CONS1_12

if Brake_Error is pos_big and Brake_Variation is neg then VYollage is CONS1_13

if Brake_Error is pos_big and Brake_Variation is =zero then VYoltage is CONS1_14

if Brake Error is pos big and Brake Variation is pos then Voltage is CONS1 156

if Brake_Error is LOCALODD and Brake Variation is LOCALO1 then Voltage is LOCALDZ
[+]

G| =
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Displaying Membership Functions
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Linguistic Format Visualization

Choose VIEW MEMBERSHIP command. The Notepad will be directly opened displaying the
analytical shape for each fuzzy sets of every variable.

The appearing description will differ in accordance with the shape associated to the fuzzy sets
of the current project as follows:

e isoscelestriangles: such a membership function shape is described using two parameters:
the centre, which represents the position of the elementhaving a membership degree equal
to 1, and a base size.

e scalene triangle: such a membership function shape is described using three parameters:
the centre and the right and leftangular coefficient.

e gaussian;such amembership function shape is described using two parameters: the media
(i.e.the centre) and the standard deviation.

To exit Notepad-Editorand close it, choose its File Exit command. It is also possible to exit it
without closing the Notepad application clicking out of the Notepad window. In this case the
main AFM window will be restored.

Motepad - TUTOR.MBS
File Edit Search Help
FUZZ? SYSTEM WITH SCALEHE TRIANGLE MEMBERSHIFP FUMCTION SHAPES

finalitical shape:

y=~8a" = ({x-Cy+1if x (=1
Analitical shape:
y=~"0n2={x-C)+1if & > ¢

where:

¥ is the input wvalue:;

C is the centroid

A1 and A2 are the angulare coefficents

=x% [nput Variables ===
Input Variable 1: Brake_Error

Fuzzy 3et Hame: Centroid:
neg_hig -4 420784
Shape:

y = B.0086888 (=1 - -4.428784) + 1 if x1 <{= -4_428784)
Y= -B.47362F (1 - -B.985730) + 1 if x1 > -4.42878Y4)
Fuzzy et Hame: Centroid:

neq -2.309421
Shape:

Y = B.473627 (21 - -2.389421) + 1 if x1 {= -2.389421)

1] -0.431858 (x1 - -B.471468) + 1 if =1 > -2.389421)
Fuzzy 3et Hame: Centroid:
ZEro 0.886158
Shape:

Yy = B.431858 (%1 - 0.886158) + 1 if x1 (= B.BEG158)

3
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Graphical Visualization

Choose DRAW MEMBERSHIP command. A sub-menu will appear allowing you to select the
variable to show. You can choose to display the Membership Functions related to a particular
input or output variable, or to display the Membership Functions for all the project variables.For
each variable selected you are supplied with a graphical window showing the position and
shape of each fuzzy set in the variable domain. You can also display the Membership Function
parameter by double clicking on it.

Adaptive Fuzzy Modeller: Ch.. ASAMPLES\TUTOR.NPJ
File Yiew Learning Exporter Iools W.AR.P.-SDT Directories Window Help

OQutput Variahle Voltage

4305 Z1En 014 2131 4275

4
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Tools Commands

This menu item is composed by different sub-menus allowing you to manage and test the fuzzy
logic knowledge base determined by AFM.

Simulation

The SIMULATION command allows you to carry out the fuzzy computation,i.e. to compute the
value inferred for the consequentsin correspondencewith some input values for the antece-
dents, using the fuzzy model extracted for the current project.
The simulation can be performed in two ways:
On a single pattern:

allowing you to define the single input pattern values to be used for the simulation.
From File:

allowing you to define the input stream values to use to simulate the system behaviour.

Note: the SIMULATION commands are dimmed if no project has been selected as the
current one.

Simulation on a single pattern
Choose TOOL menu and then SIMULATION item. Select SIMULATION command.

The SIMULATION dialog box will appear requiring pattern information. It contains:
» alist box on the left for the antecedent variable names

» alist box on theright for the consequentvariable names

e the INIT, RUN, RESTART, EXIT button.

At the beginning all the buttons are dimmed with the exception of the INIT and EXIT ones.

File ¥iew Learning Exporter Tools W.A.R.P.-SDT Directories Window ﬂelp

Antecedents: Consequents:

ANTT = 1.750000 CONS1

)
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The procedure to carry out in order to perform the simulation from a pattern is the following
one:

1 antecedentvariables initializing:
» select the variable to be initialized clicking on its name in the left list box

e choose INIT in order to go on with the initializing procedure. A dialog box will appear
requiring you to supply the variable value. Edit the value in the apposite edit box and click
OK button. If the value supplied is out of range, an error message will appear informing
you about the incorrectinformation. In this case you will be required to repeat this step.

Once the value has been fixed, the SIMULATION dialog box will reappear showing the value
next to the corresponding variable.

2 Oncethe entire antecedentvariables have beeninitialized, the RUN button will be enabled.
Click it to perform the fuzzy computation and obtain the value inferred on the consequent
variables. Such a value will appear next to the consequentnames in the right list box of
the Simulation dialog box.

To repeat the simulation on a different pattern click the RESTART button and repeat the

procedure starting from step 1. To exit the Simulation on a single pattern command, click the

EXIT button. The main AFM windows will be restored.

¥iew Learning Exporter Tools W.AR.P.-SDT Directories Window Help

Antecedents: Consequents:
AMT1 =1.750000 COMS1 =4 9935853

ANTZ2 = 10500000

)




)

AFM Tools

Simulation from File

It allows a simulation for an entire stream of patterns to be performed and supplies you with
an output file containingthe values inferred on the consequentvariables. It can also provide
a graphical window showing the comparison between the original function and the result of the
simulation obtained using the fuzzy model determined by AFM.

Choose TOOL menu and then SIMULATION item. Choose SIMULATION FROM FILE com-
mand to carry out the option. The SIMULATION PARAMETERS dialog box will appear. It
contains:

e an edit box for the stream file selection

e an edit box for the output file selection

e two radio buttons to setthe output file format

< two check buttons for the 2D drawing enablingand for the file verbose option selection

the OK, BROWSE and CANCEL buttons.
To discard the Simulation FROM FILE command click CANCEL.

To run the SIMULATION FROM FILE command:

1 Selectthe Inputand Outputfiles using the BROWSE button.
2 Set the options desired and click OK to go on.

Once the pattern file elaboration has ended, a message box will appear requiring you either
to display the output file contents or not. Choosing YES, the Notepad-Editor will be directly
opened and the simulation results will be shown. To exit Notepad-Editorand close it, choose
its File Exit command. It is also possible to exit it without closing the Notepad application,
clicking out of the Notepad window.

Simulation Parameters

Input File Hame: O Input and Output ¥anables

c:vafmimy_tutor. pat

Output File Hame:

< Enable 2D drawin
c:vafmimy_tutor. out g

[ File Verbose
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In case you have enabled the 2D Drawing check button, more graphical windows appear (one
for each output variable) showing the comparison between the original value (BLUE line) and
the simulation result (RED line) plotted pattern by pattern.

When the graphical window is active, you can have information on the single point value by
positioning on it using the mouse and double-clicking. A dialog box will appear containing:

a list box showing the input variables value

an edit box showing the original output variable value

an edit box showing the inferred output variable value

the NEXT and PREV buttons to move among the patterns
the OK and ADD LOCAL RULE buttons.

Clicking the ADD LOCAL RULE buttonthe input and original outputvalues are used to generate
the correspondentlocal rule which allows to reduce the model error in this specific point. Such
a rule can be managed using the Local Rules Command (see Tools Commands). To close the
dialog box click OK. Once the local rules have been added, the current simulation results are
no more valid and you will be informed by a message box.

25.30_

12,75

0.00 |

4274

-255

Output Wariable 7® 1

Pattern n. 518

Input ¥alues:

Wariable n. 1 = 4. 541609
Variable n. 2 = 25.492809

T
g1 761 1141
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Local Rules

g

Select TOOLS menu and then choose LOCAL RULES item. The LOCAL RULES dialog box
will appear allowing you to view, insert, delete and update the single rules.

The LOCAL RULES dialog box contains:

an edit box showing the parameters describing the current rules

a drop-down list to select the number of the rule to be managed

the PREV, NEXT and GOTO buttons to move among the rules

the INSERT, UPDATE and DELETE buttons to manage with the rules.
the CLOSE button to exit the dialog box

Visualizing a Rule

1
2

Select the rule number desired by using the Rule Number drop-down list

Click the GOTO button. The selected rule will be displayed in the left edit box in the
following format:

the rule number on the first line
the word INPUTS on the second line

on the following lines the fuzzy sets values corresponding to the antecedentvariables, i.e.
the center of the membership function and its base size (these fuzzy sets can be only
isosceles triangles).

the word OUTPUTS

on the following lines the fuzzy sets value corresponding to each consequentvariable, i.e.
the center of the membership function.

== BULE n* 1 ===
Inputs
Brake_Emor = -1.416246 base = 0.194478
Brake_¥ariation = -23.967884 basze = 2.860125
Outputs

Yaoltage = -3.244605

Rule n*™:
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Inserting a New rule

Clickthe INSERT button. The NEW RULE dialog box will appear allowing you to editthe output
values desired for the input values configuration selected.

The NEW RULE dialog box contains:

e alist box on the left for the ANTECEDENTS variables names

e alist box on theright for the CONSEQUENTS variables names

« the INITANTECEDENT, INIT CONSEQUENT, OK and CANCEL buttons.

To insert anew rule, initialize all the variables as follows:

1 selectthe variable to be initialized by clicking on its name

2 choose INITANTECEDENT if the selected variable is an inputone or INIT CONSEQUENT
if it is an output one.

The INIT FUZZY SET dialog box will appear asking you to supply respectively the center,
the base size and the name of the antecedent’sfuzzy sets; the center and the name of
the consequent’sfuzzy sets.

Edit the values in the apposite edit box and click OK.

If the supplied value is out of range, an error message will appear warning of the incorrect
information. In this case it is requiredto repeat the step.

Note: if no names are specified, new default fuzzy sets names for this rules are
automatically generated.

Once fixed all the variables values choose OK. The Local Rules dialog box will appear again
showing the new rule in the left list box.

File V¥Yiew Learning Exporter Tools

[ Antecedents

Brake Ewmor = -2.300000
Brake_¥ariation

Consequents

nan |

Init Fuzzy Set

Fuzzy Set Hame:

1 381 LOCAL11

Center:

Base:

L]

A ‘ 0.0 : :
458 45 002 2.41 434 4305 2 6D 014 7.3 42,76

)
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Deleting a Rule

1 Selectthe number of the rule to delete by using the drop-down list.

2 Click the DELETE button. A message box will appear again asking you whether to go on
with the rule deleting or not.

3 Click YES to delete, NO to exit the delete option

Updating a Rule

1 Selectthe number of the rule to update by using the apposite drop-down list.

2 Theinitializing values dialog box will appear, allowing you to modify either the antecedent
or the consequent values and namesin order to modify the rule.

Once updated the rule values exit the initializing value dialog box by clicking the OK button.
The LOCAL RULE dialog box will be restored showing the updated rule.
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Exporter

The Exporter provides library functions working on the databases automatically generated,
which appropriately describe the data structures of the selected project in terms of a different
programming environment.

These functions can be exploited inside your programs in order to verify the model extracted
and utilize it in real applications.

The sub-menu items provided are:

e« ToWAR.P1.1

e ToW.AR.P.2.0

To MATLABY

¢ To CLanguage

Note: the Exporter commands are dimmed if no project has been selected as the current
one.

W.A.R.P.-SDT Exporter

Translatesthe fuzzy knowledge base (rules and membership functions) of a projectin a codified
project, which can be directly used by FUZZYSTUDIOO 1.0 W.A.R.P.-Software Development
Tool, the W.A.R.P.1.1 development system.

In order to use the W.A.R.P.-SDT Exporter follow these instructions:

1 Choose EXPORTER TO W.A.R.P.-SDT command. The OPEN dialog box will appear
allowing you to select the destination file which will contain the codified project . In
accordance with W.A.R.P.-SDT conventions, the file will be given the extension”.LIZ".

2 Click OK button to start the export phase. As soon as it has ended, a message box will
appear informing you that the "Building .LIZ file has successful terminated”. Click OK to
exit the message box and restore the main AFM window.

In case an error occurred during the exporter phase, the command will end without creating
the .LIZ file.

Note: for any further information about .LIZ files and W.A.R.P.-SDT, see W.A.R.P.-SDT
User manual.

3
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W.A.R.P.2.0 Exporter

Translatesthe fuzzy knowledge base (rules and membership functions) of a projectina Fu.L.L.
(Fuzzy Logic Language) project format which can be directly used by FUZZYSTUDIO 2.0
i.e. W.A.R.P. 2.0 Development System.

In order to use the W.A.R.P.2.0 Exporter follow these instructions:

1 Choose EXPORTER TO W.A.R.P.2 command. The OPEN dialog box will appear allowing
you to select the destination file which will contain the codified project. In accordance with
FUZZYSTUDIOO 2.0 conventions, the file will be given the extension”.FUL".

2 Click OK button to start the export phase. As soon as it has ended, a message box will
appear informing you that the "Building .FUL file has successful terminated”. Click OK to
exit the message box and restore the main AFM window.

In case an error occurred during the exporter phase, the command will end without creating

the .FUL file.

For any further information about .FUL files and FUZZYSTUDIO 2.0, see FUZZYSTUDIO 2.0
User manual.

HIGH LEVEL
SUPPORT TOOLS
SUPPORT AFM
BASIC TOOLS TOOLS :
' Adaptive Fuzzy Modeller

VARIABLE
EDITOR

IMPORTER

EMULATORS

RULE

EDITOR EXPORTER
RS232
COMPILER |t BOARD <
MANAGER
-

FUZZYSTUDIOO ADB2.0

DEBUGGER Application Development Board

FUZzZYSTUDIOO?2.0

)
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MATLAB " Exporter

3

Translatesthe fuzzy knowledge base (rules and membership functions) of a projectin a codified
project to simulate a control system in MATLAB" or SIMULINK environment.

The Exporter provides a .M file containing the data structures necessary to initialize the library
function model3.m. This function can be exploited inside the programs developed by the user
in order to perform system simulation.

How to use MATLAB " Exporter

How to use Exporter with MATLAB

In order to use the MATLAB" Exporter follow these instructions:

1 Choose EXPORTER TO MATLAB command. The OPEN dialog box will appear allowing
you to select the destination file which will contain the codified project. In accordance with
MATLAB" conventlons the file will be given the extension ”.M” which indicates that the file
can be run in MATLAB" environment.

2 Click OK button to start the export phase. As soon as it has ended a message box will
appear informing you that the "Building .M file has successful terminated”. Click OK to exit
the message box and restore the main AFM window.

In case an error during the exporter phase occurred, the command will end without creating

the .M file.
O

To use the so created .M file, enter its name from MATLAB" promptin order to initialize the
database. The MATLAB" prompt appears and it is possible to list initialized global variables
by using MATLAB" instructions.

Note: The model.m function must be utilized to simulate the exported project. The input
vector is the unique argument of the model3.m function and this is sorted by the same
order used for the definition of input variables within the creation of the project. With

the MATLAB P 4.0 release the model4.m function must be utilized.

How to use Exporter with SIMULINK

SIMULINK graphically defines the control system to be simulated by joining standard function
blocks. Each block must be specialized in orderto represent a single part of a systemto be
simulated.

It is possible to associate MATLAB" functions created by the user to particular blocks. This
operation can be performed by specifying convenient parameters and the model4.m function
to the MATLAB® function of the Nonlinear library.

In the block specs the function name (here model3.m) and the number of outputs have to be
provided. At this point the block can be incorporated inside the project along with the other
componentsin order to simulate the full control system.

To get more detailed information refer to Simulink manual.
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C Language Exporter
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The C MODEL EXPORTER provides a ".d” file containingan opportune fuzzy data structures
coding (if-then rules, Membership Functions values) and an ANSI C source code, named
neural.c, which implements the inference methods used by AFM.

How to use the C EXPORTER

In order to use the C Exporterfollow these instructions:

1 Choose Exporter to C MODEL command. Afile with ”.d” extentionis generated, containing
the database needed to initialize the internal structure of the library functions.

2 During a C program development, it is possible to call three functions included in the
libraries. The functions follow these models:

int InitNet(char * );
int PerformModel(float * , float * );
void FreeNet();

The InitNet function loads the databaseincluded in the file with ”.d” extension and initializes
the structures used in the PerformModelfunction.

The parameter is a pointer to a string containing the file name with ".d” extension, which
eventuallyincludes the complete search-path.

The result of the function is 1 if it has succeeded in loading the structures, otherwise it is 0.

The PerformModel function computesthe Fuzzy Model output values according to specified
input values.

The first parameter is a vector of real number in floating-point precision containing the values
of input variables. The second one is a vector of real number in floating-point precision and
will contain the values of the output variables computed by PerformModel.

The result of the functionis 1if it has succeeded in computing outputvariables value, otherwise
itis 0.

The FreeNet function discards all the data structures previously allocated by the InitNet
function.

3
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[RrFxFKddddddkkokkok xnnxnnxnnnnx}(x/

I* STRUCTURE OF A C PROGRAM USING C MODEL EXPORTER
/********************************************************/

#include.h

#include.h

/********************************************************/

[* FUNCTIONS DECLARATION */
[HRER kAR KRR AR R AR KA AR KAk AR R K

extern int InitNet(char *input_file);

extern int PerformModel(float *input, float *output);

extern void FreeNet();

/********************************************************/

* VARIABLES DECLARATION %
/********************************************************/

float InputfNUMBER_OF _INPUT];

float OutputfNUMBER_OF_INPUTJ;

main()
{
if (lInitNet("SAMPLE.DAT")) exit(0);
[* Load Input Array */
if (PerformModel(Input, Output))
I* Normal Execution */
else
[* Error Handling *
[* Print Output Array */
FreeNet();
}

45
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Directory Management

This menu item allows you to state the default working directories.

Selecting Working Directories

3

Choosing the DIRECTORY command a dialog box will appear requiring you to state the path
for the project_file, the pattern file, the rule file, the Membership Function file.

The dialog box will contain:

e 4 edit box, one for each file involved in a project (project file, pattern file, rule file,
Membership Function file)

e the OK, CANCEL and BROWSE buttons.

In order to fix a path, select the corresponding edit box and click the BROWSE button. An Open
file dialog box will appear enabling you to select the desired path (see "Opening an existing
project” paragraph for more information about dealing with the Open file dialog box).

Clicking the OK button the current paths edited in the Directories dialog box will be saved as
the current ones, and the DIRECTORY command will end.

The CANCEL button allows to exit the command without saving the last directories changes.

Directories

Project Files Path: |C:\AFMASAMPLESS

Pattern Files Path: |EI'\AFH\5§HPLE5

Rule Files Path: | C:\AFMASAMPLES

Membership Files Path: |E:‘\AFH‘\5AHPLE5
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Window Commands

This menu item allows you to manage with the position and size of the graphical windows
displayed with the execution of Adaptive Fuzzy Modeller.

The sub-menus supplied are typical of Windows applications. They are:
e Tile: disposes the windows one next to the other

Cascade: overlaps the open windows keeping the title bar visible
Minimize All: reduces each windows to an icon

Close All: closes all the windows

For more information see Windows User Guide.

Adaptive Fuzzy Modeller: Ch. ASAMPLES\SAMPLE.NPJ

File Yiew Learning Exporter Tools W.AR.P.-SDT Directories Window Help
Input ¥ariable Speed
Qutput Variable Yoltage
Input Yariable Error
2‘.41 4I.B4
‘7] 49
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Appendix A
Project Files

Files Generated by AFM

4

In this section you will be supplied with the specs of the files format in order to correctly carry
out an AFM running session.

Private Files

AFM Private Files contain all necessaryinformation forthe managementof aproject. By means
of such Private Files it is possible to fix the status reached during the Learning step.

They contain important references to the files’ absolute paths; therefore it is not possible to
move these files from a directory to an other one, or to carry out any kind of change otherwise
the project will lose its validity.

The Private Files can be easily recognized from the extension type and they respectively

indicate:

.NPJ Project Parameters
.LPJ Fuzzy Sets Labels
.MPJ Mbfs Parameters

.RPJ Rules Parameters

.LER Mbfs Learning Rate
EXT Local Rules Parameters

Note: The Private Files do not have modified directly by the user, with any kind of word
processor. All data contained in the project could be irreparably damaged.
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Reporting Files

The Reporting Files allow you to obtain a report of the project, in ASCII format, which can be
read by means of a standard Text Editor (i.e. Windows Notepad or DOS Edit). The extension

of these files will refer to:

.MBS Mathematical description of the Mbfs shape associated to the fuzzy set

.RUL List of the project rules

File Edit Search Help

= Notepad - TUTOR.RUL ==

= MNotepad - TUTOR.MBS
File Edit Search Help

-]~

Number of Rules: 15

*=x* Input Uariables sss
Input Variable 1: Brake_Error

Fuzzy Set Hames:
neg_big

neq

zero

pos

pos_big

Input Variable 2: Brake_Variation
Fuzzy Set Hames:

neq

ZEerFo

pos

=xx Qutput UVariables xxx
Output Variable 3: Uoltage

Fuzzy Set Hames:

Centroids:
-4 418377
-1.549877
-B.813456
1.643678
4 .375095

Centroids:
-24_.995188
8._852560
24.255243

centroids:

FUZZY SYSTEM WITH SCALEME TRIANGLE MEMBERSHIF FUNCTION SHAPES [¥]

Analitical shape:

y=»al=(x-C) +1if x {=C
Analitical shape:
Y=Rm2=(x-C)+1ifx>C

where:

® is the input value;

G is the centroid

A1 and AZ are the angulare coefficents

=xx Input Uariables xx=
Input Variable 1: Brake Error

Fuzzy Set Hame: Centroid:
neg_big -4 470784
Shape:

y = 0.000000 {x1 - -4.4520784) + 1 if x1 <= -4.420784)
U = -B.873627 (x1 - -0.905730) + 1 if x1 > -4.420784)

Fuzzy Set Name: Centroid:

neq -2.3089421
Shape:

Y = 0473627 (x1 - -2.309821) + 1 if x1 <= -2_399421)
Y = —-B.A31858 (x1 - -8.471468) + 1 if x1 > -Z.389421)
Fuzzy Set Hame: Centroid:
zero 0. 006158
Shape:

Y = 8.431858 (x1 - 9.866158) + 1 if x1 <= 0.066158)

Y = -0.400447 (x1 - 0.804797) + 1 if %1 > 0.0806158)

.

<[ 1

-

GONS1_1 -28.719158
CONS1_2 -24.6181087
CONS1_3 9.815186
COMS1_4 -5_482818
CONS1_5 -12.253B60
GCOHS1_6 15712183
1
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Appendix A - AFM Files

Learning & Testing Files

These files are used either during the Learning and the Testing ot the project:

PAT The format of the PATTERN FILE consists of a line for each pattern, i.e. the
Input and Output values of the system to model.

Note: For a verification of the obtained model, during the Testing you are suggested to
use the file.PAT with data different from the ones used to train the network. The Output
values can be visualized in the SIMULATION window.

.OUT The OUTPUT FILE contains a pattern list relative to the values inferred by the
fuzzy model. Then itis possible to use mathematical environments (MATLAB",
MAPLE, etc.) to extrapolate the best performance rate.

This format file differs on the base of the option selected during the simulation procedure. If
you have selected I/O radio button, the format file is the same as the previous ones:

e anumber of lines equal to the number of patterns
e a pattern for each line

e anumber of fields equal to the total number of input and output variables for each pattern
stating the input and output values

If you have selected only the outputradio button, the format file is:

e anumber of lines equal to the number of patterns
e apattern for each line

e anumber of fields equal to the total number of output variables for each pattern stating the
output values.

Brake_Variation column data
Brake_Error column data Voltage column data

MNotepad - TUTOR.PAT
File Edit Searc Help
I—1.399“3&29+Bﬂﬂ\\ﬂ.Bﬂﬂﬂﬂﬂﬂe+ﬂﬂﬂ -1_3434587e+001 /
-1.3994362e+080 -2 .8776568e—-084 -1.3434525%e+081
-1.39294360e+000 -1_9955122p-003 -1 ._.383415Lp+001
-1.3994314e+808 -2 .3516081e-802 -1.342996%e+801
=1.3993081e+000 -2_0027490e-001 -1.3391813e+001
-1.3988483e+0880 -9.6554337e-081 -1.3190805e+A81
-1.39394%1%e+0080 -2 .1B09513e+0088 -1.2724748e+001
—-1.3862757e+008 -3.6391295%e+808 -1.2881732e+801
—-1.3746985e+008 -5_1953538e+808 -1 .1344753e+001
-1.35%92820e+880 -5.537191%e+088 -1.08582518e+A81
-1.3408282%e+880 -7 .7970724%e+000 -9 .82662338e+000
-1.318119%g+0008 -8.9364650%e+800 -2 108704350 +000
-1.2938619%9e+000 -9 _9890670e+808 -8 _4841108e+800
-1.2654590e+000 -1 _0837751e+001 -7 ._733044Fc+000
-1.23580B7e+880 —1.1565472e+081 -7 .11811088e+000
=-1._.2044340e+000 -1_21269562+001 -6._.548261510+000
—1.171752he+808 -1.2560203e+801 -6.0197612e+0080
=1.1381245e+000 -1.2838998e+001 -5 _5455209e+000
-1.1839181e+888 -1.3811119e+881 -5.1232383e+000
-1.0692843e+0080 -1.3160364e+0081 -4.7250010e+000
—-1.08343868e+808 -1.32085126e+801 -4 _34652460+000
-0.9958523e-8081 -1.31%1433e+001 -4.0141934e+000
—9.6485455e-8601 -1.3835446e+801 -3 .718495ha+00A
—9.36852281e-0961 —1.2917860e+801 -2 _4399402e+800
—-8.0465775he-0081 -1.27343045e+0801 -3.1759013e+000
-8.62315862e-881 —1.2526954e+0081 -2.9392948e+000
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Exporting Files

With AFM itis possible to transferthe fuzzy model to the development systems of SGS-THOM-
SON Microelectronics W.A.R.P.1.1 and W.A.R.P.2.0. Moreover it is possible to generate a
codingin C language or MATLAB to verify the validity of the model generated by means of a
high level simulation.

LIz Contains the project coding for FUZZYSTUDIOO 1.0 W.A.R.P.-SDT deve-
lopment system for the High Level microprocessor fuzzy W.A.R.P. 1.1 (see
SGS-THOMSON Microelectronics W.A.R.P. 1.1 data sheet.)

.FUL Containsthe project coding for FUZZYSTUDIOL 2.0 Development System for
W.A.R.P.2.0 (see W.A.R.P. 2.0 data sheet for further information).

.M It is used as parameter by the procedure model3.m (or model4.m according
to MATLAB" versioninuse, i.e. model4 (PROJECTNAME.M). Thisprocedure,
edited according to MATLAB" language specs, performs the fuzzy computa-
tion with reference to the defined project specs, using floating point variables.

Note: If you are using W.A.R.P. 1.1 or W.A.R.P. 2.0 Software Emulator tool, it is necessary
to export towards the device and then use FUZZYSTUDIO [1.0or 2.0 (see FUZZYSTU-
DIOO 1.0 or 2.0 User Manual).

.D The file NEURAL.C contains all necessary procedures for the implementation
of an allgorithm for fuzzy computation.

The following functions are to be usedin C program:

int InitNet (char *input.file)

Initializes the neural net structure according to the data contained in the file.d, i.e.
InitNet("PROJECT.D")

int PerformModel (float *input, float *output)

The Input values must be memorized within the vector Input, while the Output values are
available on the vector Output.

void FreeNet (void)

Itis used to free the memory allocated during the Initialization step. This procedure must
be used with care since all neural net parameters could be lost.

Note: If you are using W.A.R.P. 1.1 or W.A.R.P. 2.0 Software Emulator tool, it is necessary
to export towards the device and then use FUZZYSTUDIO [1.0or 2.0 (see FUZZYSTU-
DIOO 1.0 or 2.0 User Manual).

&7




Appendix B - AFM Tutorial
Creation of a Fuzzy Model

This section is a step-by-step guide for the managementof AFM tools.

Our target will be to obtain the behaviour of a Fuzzy Controller implemented on a DC Motor
driving a servo-mechanism.

A database containing the inferencing rules and the parameters describing the Membership
Functions will be generated automatically starting with the system Input/Output sampling. The
approachused is based on the Neuro-Fuzzy methodology and will control the position of the
motor.

The control has been implemented with a Fuzzy Controller, designed with a traditional
algorithm. The final target of the project will be the mapping of the obtained control law in a
Fuzzy Controller, which generates the reference value.

Project Definition

g

The project definition consists of the following steps:

Step 1 Project Name and Target Processor

The project name allows to easily identify all the project files (see "Appendix A” for further
information); the Target processor imposes the project constraints according to the
different devices.

Step 2 Project Parameters
Learning (.PAT) and Reporting (.RUL,.MBS) file paths definition; I/O Variable number
setting.

Step 3 1/O Variables Parameters

Fuzzy Sets number, Universe of Discourse lower and upper bound definition for each
variable.

Step 4 Variable and Fuzzy Sets Names
Variable and Fuzzy sets name assignment.
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Step 1 Project Name and Target processor

Run AFM double clicking over the icon in the Program Manager, then choose File NEW .

1 Insert the project file name MY_TUTOR.NPJ.
2 Select Target processor W.A.R.P. 2.0.
3 Click OK button.

Project Mame:

[MY_TUTOR.NPY |

Browse

Cancel

Step 2 Choose Project Parameters

The current project parameters will be defined in the following way:

1 Click BROWSE button, then select Pattern file name and its location TUTOR.PAT.
2 SelectRule file name and its location MY_TUTOR.RUL.

3 Select Membership file name and its location MY_TUTOR.MBS .

4

Insert the antecedent and consequent variable number according to the pattern (i.e.
controller) structure ANTECEDENT =2 , CONSEQUENT =1.

5 Click OK button.

Note: Rule File Name and Membership file will be set by default with the same name as
your project (my_tutor.RUL) contains the rules of the syntetized Fuzzy Controller. Mbfs
file (my_tutor. MBF) contains the variables and the membership functions of the synt-
hetized Pattern File Name, Rule File Name and Membership File Name.

= New Project

Pattemn File Hame:
Antecedent Number:

‘c:\alm‘.sampl&s\tutur.pat |

i

Rule File Mame:

|[::\aIm\samples\myﬁlulur.rul ‘ Consequent Number:

[

Membership File Name:

| & \afmisamplesimy_tutor mbs| ‘

| oK I ‘ Browse | | Cancel ‘ ‘ Help

)
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Step 3: Define Variables Parameters

Define range and fuzzy sets number for each variables according to the following:

Brake Error
1 Select VARIABLE number 1.
2 Choose Variable FUZZY SET number 5.

Brake_Variation
1 Select VARIABLE number 2.
2 Choose Variable fuzzy set number 3.

3 Click OK buttonto confirmthe Variables’ parameters definition.

Note: a larger number of fuzzy sets gives a more accurate result, but the number of rules
increases in linear way.

= Yariables Definition

Wariable n_:

b

[ Yariable D ata

N* of Fuzzy Sets: Variable Type:

B I [ree ]

M inimum: M aximum:
[-4.879120 | [4.844789 |
I 113 | | Cancel ‘ | Help |
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Step 4: Variable and Fuzzy Sets Names

A linguistic label is assigned to each variable and fuzzy set to make the project data more
comprehensible.

For each variable perform the following procedure:

Input Variable 1
To modify the default Variable name and the related fuzzy set execute:

1 Insert BRAKE_ERROR in VARIABLE NAME text box .

2 Select fuzzy set number.

3 Insertthe correspondinglabelNEG_BIG, NEG, ZERO, POS, POS_BIG inthe FUZZY SET
NAME text box.
Click ADD button after each fuzzy set name insertion.

5 Click DONE to confirm the variable parameters and to skip to the next variable.

Input Variable 2

1 Insert BRAKE_VARIATION in VARIABLE NAME text box .

2 select fuzzy set number.

3 Insertthe corresponding label NEG, ZERO, POS in the FUZZY SET NAME text box.

4  Click ADD button after each fuzzy set name insertion.

5 Click DONE to confirm the variable parameters and to skip to the next variable.

Output Variable 3

1 Insert VOLTAGE in VARIABLE NAME text box .

2 Click DONE to confirmthe variable parameters and to leave the Fuzzy Sets default names.

Yariable- Wariable Name:
| |B|ake_Ennr
Fuzzy Sek: List Mames:
T IF) [
neg
FUZZYSET1_3
FUZ7YSET1_4
FUZZYSET1_5
Fuzzy Set Mame
[Maz 1% char.]:
Zero Add

A new project has been created and you can save it using SAVE option in FILE menu.
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g

The learning phase allows you to automatically extract the inferencing rules (Build Rule), and
tune the Membership Functions shape associated to the project (Build Membership).

Build Rules

Choose the item BUILD RULES from menu LEARNING, then select USING NEURAL NET.

To build the rules the following steps have to be performed:
Step 1 Rules Selection Method

1
2

Choose the selection method ALL POSSIBILE RULES radio button.
Click OK.

Step 2 Set Building Rules Parameter

1

a b~ WON

Select AUTOMATIC LEARNING RATE radio button.
Insert NUMBER OF ITERATIONS 100.

Insert the DELTA value 0.0001.

Insert the ERROR value 0.001.

Click RUN button to start the building of the rules.

Note: During the learning phase the dialog box shows you the current iteration number
and the current error and centroids movement reached. The learning phase ends when
the specified delta value has been reached.

" Learning Rate — |
# Automalic Step: o
Current Error: h.269524
- Manual
I:l Current Delta: 0.024674
" Parameters
H™ of terabions: Delta: Error:
o] [oon
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Click CLOSE button and select VIEW RULES to view the built rules.

+

if Brake_Error is neg_big and Brake_Variation is neg then Voltage is CONS1_1

if Brake_Error is neg_big and Brake WVariation is zero then Voltage is CONDS1_2

if Brake Error is neqg big and Brake Variation is pos then Voltage is CONS1_3

if Brake_Error is neg and Brake_ Variation is neg then Voltage is CONS1_4

if Brake_Error is neg and Brake Variation is zero then VYoltage is CONS1_5

if Brake Error is negq and Brake Variation is pos then Voltage is CONS1 b

if Brake_Error is =zero and Brake_Variation is neg then Voltage is CONS1_7

if Brake_Error is zero and Brake_VYariation is zero then Voliage is CONS1_8

if Brake Error is =zero and Brake Variation is pos then Voltage is CONS1_1

if Brake_Error is pos and Brake_Variation is neg then Voltage is CONS1_10

if Brake_Error is pos and Brake_Variation is zero then Voltage is CONS1_1

if Brake_Error is pos and DBrake Variation is pos then VYoltage is CONS1_12

if Brake_Error is pos_big and Brake_Variation is neg then Voltage is CONS1_13
if Brake_Error is pos_big and Brake_Wariation is zero then Voltage is CONS1_14
if Brake Error is pos big and Brake Variation is pos then Yoltage is CONS1 15
I [+]
| -
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Build Membership Functions

Choose BUILD MEMBERSHIP item from LEARNING menu and execute the following steps:

Step 1 Set Learning Parameters.

1 Choose Mbfs shape [Scalene Triangle].
2 Choose Inference method [Minimum ].
3 Click OK button.

Note: the only available options are the only compatibles with W.A.R.P. 2.0 because this
chip has been chosen as target during the definition of the project.

Step 2: Build Membership Functions.
1 Choose AUTOMATIC for the learning rates.

2 Insertthe target error 0.01.
3 Insert the number of iteration to be executed 100.
4 Click RUN button.

= Build Membership Functions
Choose Leamning Rate for:
Centroid Antecedents Centroid Consequent Shape
® Automatic} @ Automalic @ Automatic
) Manual: it Manual: r Manual:

[ Inference Method: 7
Error:

Step: Minimum

" Shape:

Curient Error: 0.716206 h_
]

Iterations:

If the currenterror has not achieved the desired result you can run the Learning phase again
indicating the number of cycles and clicking the RUN button. If the error is still far from the
result, the neural network has probably reached a minimum local point and the automatic
learning rates might be too small. In this case it is possibile to insert the Learning parameters
(the suggestedrange is between 0.001 and 0.01) inthe MANUAL textbox to seek the absolute
minimum pointin a different area.
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When the Learning phase is terminated, you can see the obtained Mbf by choosing the DRAW
MEMBERSHIP command on VIEW menu (CTRL+A).

Adaptive Fuzzy Modeller: C\.. \SAMPLES\TUTOR.NP.J

File View Learning Exporter Tools W.AR.P-SDT Directories Window Help
Input Variable Brake Variation
0.7s
0.50 OQutput Variable Yoltage
100 _
025
* 07 _
0.00 — 5 = ]
-4305 -21 B0 -014 213 4276 050
Input ¥ariable Brake_Error
{o2s
/ o.oo : - -
X {;“ E -2547 -13.00 0.x 13.70 2709
250 i
025 ;
oo [ I»"' .
4 58 241 4.54
62 IS73
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Model Simulation

)

The simulation step allows to carry out the fuzzy computation, i.e. to compute the value inferred
for the consequentsin correspondence with some input values for the antecedents, using the
fuzzy model extracted for the selected process.

From TOOLS menu choose SIMULATION then select SIMULATION FROM FILE:

it allows to define the input stream values used to simulate the behaviour of the system. The
obtained results can be observed and the zones where the error is still high can be detected.

The following steps have to be executed:

1

2
3
4

Choose an INPUT FILE name TUTOR.PAT.

Choose an OUTPUT FILE name TUTOR.OUT.

Check the Enable 2D drawing allowing the plotting of the output.
Click OK button.

w Y

74z Outpt Yarishle n® 1
1399
056 K '& 'iq L K

dda ahdaa
-12.85
-26.31 : . . |

1 jeisy| TEA 1144 1521

63




AFM User Manual

By double-clicking the mouse on the simulation window, it is possible to view the input an the
output numerical value of each pattern. It is also possible to add local rules to eliminate error
gaps in fixed local points.

Adaptive Fuzzy Modeller: C. \SAMPLES\TUTOR.NFP.J

File V¥iew Learning

Exporter Tools W.AR.P-5DT Directories Window

Help

Simulation

27.02_

13 56

0.30

Cutput Yariable n® 1

1 =81

FE1

Pattern n. b52

Input ¥alues:

Yariable n. 1 = -1.416246
Variable n. 2 = -22.967884

Original output: Interpolated output:

-3.244605 | |u_222325
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Project Exporting

Exporting to MATLAB "

It is possible to test the efficiency of the controller, performing the simulation of the whole
closed-loop system by using a high level simulation environment, like MATLAB".

1
2
3

© 00 N o o b

Choose EXPORTER TO MATLAB".
Choose output file name and location TUTOR.M (.M by default).

Click OK button.

The resultis an .M file (TUTOR.M) which contains all necessary data to representthe fuzzy
model. This file will be used by MODEL4.M which is a MATLAB" function implementing
the AFM inference. The model4.m functionis supplied with the AFM program.

Run MATLAB" .

Launch SIMULINK.

Choose SAMPLES directory by means of the the command: cd C:\AFM\SAMPLES .
From SIMULINK FILE menu select OPEN to TUTOR.M.

From Matlab prompt, load data for W.A.R.P. 2.0 simulator with the command: SAMPLE.

Launch the simulation with SIMULINK commands. Itis possibile to visualize the results
by plotting the variables.

(ST | g
Clock To Workspaced
positian

1l

Wt =@—’ Potentorneter 12 YWorkspacel

Band-Lirnited
Wyhite Moise

ToWorkspaced ToWorkspaces
by e ]
—

Mux waRP2 Powwer Arm 4’@ | speed
Ktach To Waorkspace?

hntor

g
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Exporting to W.A.R.P.2.0

In order to implement the control in the fuzzy device W.A.R.P. 2.0 run EXPORTER, specifying

W.A.R.P. 2.0 as target.

The following actions have to be performed:
1 Choose TO W.A.R.P.2 from EXPORTER menu.

2 Choose the name and the location where to place the output file with .ful as default

extension TUTOR.FUL
3 Click O.K. button.

The result is a .FUL file (TUTOR.FUL) which contains all the data necessary to represent the
fuzzy model in the representation language for Fuzzy Logic controller FU.L.L. (FUzzy Logic

Language).

This file will be used in FUZZYSTUDIO 2.0 to import the generated fuzzy model and to

translate it in W.A.R.P.2.0 code, then it will be loaded in W.A.R.P.2.0 memories.

= Notepad - MY_TUTOR.FUL M

File Edit Search Help

" " il
. s
ll* *ll B
“# FU.L.L. Exporter - SGS-THOMSOH @ 1906 *'
e =
- =
"+ NHOTE: Adaptive Fuzzy Modeller is a Heuro-Fuzzy Theory >
" based system that allows you to define variahles "
" with associated fuzzy sets and rules on these "
" variables. ="
" Adaptive Fuzzy Modeller does not 1et you define "
" shapes, universes and modifiers. "
. =
e *"
' Adaptive Fuzzy HModeller's Gurrent Project: G:yv.._ A\SAWPLESAHY TUTOR.HPJ *
UVARIABLES
Brake Error = [-4.879120, 4_844708] . {"termset”
neg_big = POLYLIHE {-4.87912@8 / 1.8068868, -4.330662 / 1.000888, -
neg = POLYLINE {-4.33%663 / @.080680, -2._.324270 / 1.0068688, 6.056
zero = POLYLIME {-2.324268 7 9.900000, 0.056875 / 1.00940499, 2_429
pos = POLYLINE {@8.856874 / O.000068, 2.426758 / 1.008866, 4.8571%
pos_big = POLYLIME {2.420754 / 0.0080008, 4.057163 / 1.0008008, 4.8
i
Brake Uariation = [-43.846808, 42 .757880] . {"lermsel"
neq = POLYLIME {-43_046008 /7 1.0000608, -19.9236850 f 1.6000806, -0.
Zzero = POLYLINE {-19.923047 /7 0.800008, -0.120832 7 1.4000040, 28.
pos = POLYLINE {-B.12882% / 0.000660, 28.29042% / 1.0006840, 42.7%
HH
Uoltage = [-26.382480, 27.422608] . {"termset"
COHS1_1 = POINTE {-24.767h065 / 1.0080868%;
COHS1 2 = POINTS {-26.382351 / 1.008088}; Y
«] | +
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Full Product Information at http://www.st.com/stonline/products/support/index.htm

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result fromits use. No license is granted
by implication or otherwise under any patent or patent rights of ST Microelectronics. Specification mentioned in this publication are subject to
change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products are not
authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.
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