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Abstract

This paper introduces FISDeT, a tool to support the design of Fuzzy Inference Systems, composed of a
set of Python modules sharing the standard specification language FCL used for FIS definition. FISDeT
includes a graphical user interface that enables easy definition and quick update of elements composing
the knowledge base of a FIS. Given the knowledge base, the tool can perform the inference of fuzzy rules,
providing the output of a FIS for any given input. Modules for creating a fuzzy rule base for classification
and verifying the behavior of the classification system are integrated within the environment. The paper
also reports applications of FISDeT to acquire available knowledge bases and create a FIS for an image

processing task.
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1. Introduction

A Fuzzy Inference System (FIS) is an extension
of a classical rule-based system, having IF-THEN
rules with antecedents and consequents composed
by fuzzy logic statements'?>. A FIS is made up of
a Knowledge Base, that comprises the information
used by the human expert in the form of linguis-
tic rules, and an Inference Engine, that uses the in-
put values and the information from the Knowledge
Base to perform a reasoning process and to infer
output values. FISs are suitable for solving real-
world problems for which it is too difficult to ob-
tain a mathematical model, while it is quite easy to
describe the solution linguistically by means of IF-
THEN rules. They have been successfully applied in
many fields such as decision-making, control®, im-
age recognition* and non-linear system modeling?.

Despite the power of FISs for solving a wide
range of problems, their implementation requires
some effort and programming expertise. In the last
years, many tools have been developed to enable
easy design of a FIS by reducing specific exper-
tise. Some tools have become commercially avail-
able, such as the MATLAB Fuzzy logic toolbox
(www.mathworks. com), others are currently avail-
able as open source software, mainly based on Java
or C++ languages (see section 2). To the best of our
knowledge, no open source tool based on the Python
language has been developed so far.

In this paper we present FISDeT (Fuzzy Infer-
ence System Development Tool), a novel tool aimed
to facilitate the creation of a fuzzy rule-based sys-
tem. The current release of FISDeT for different
platforms is available at https://github.com/
Fisdet/FISDeT. FISDeT is conceived as a package
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implemented in Python on the basis of the pyfuzzy
libraryS. It includes two main modules, one devoted
to the creation of the knowledge base and the other
designed to accomplish the inference of fuzzy rules.
Key aspects of the proposed tool are userfriendli-
ness and interactivity which allow the user to define
and quickly modify the fuzzy knowledge base by
means of a simple and intuitive graphical interface.
After fuzzy rules have been created and tested, the
tool stores the created knowledge base as a source
code which follows the standard FCL (Fuzzy Con-
trol Language) introduced by IEC 61131'°, thus en-
abling portability of the created FIS on different in-
ference systems supporting FCL.

The paper is organized as follows. Section 2 pro-
vides an overview of other existing tools for FIS de-
sign. The FISDeT tool is described in section 3. In
section 4 we present the pyfuzzy library and the stan-
dard language FCL which it supports. We discuss
application examples in section 5. Final remarks are
presented in section 6.

2. Related works

A number of software tools have been proposed in
literature to create and execute a FIS. In this section
we highlight the major features of non-commercial
tools in order to present FISDeT as a novel alter-
native in this scenario. We focus our interest on
free software distributions since open source soft-
ware plays an important role in the scientific re-
search community’. We start from the analysis re-
ported in Ref. 8 (where twenty-five non commercial
packages for FIS design are considered) to outline
the main features of existing tools.

Some of existing packages and libraries,
such as DotFuzzy’, FRBS!®, JFuzzinator!!,
libFuzzyEngine'?, nxtfuzzylogic!® enable the de-
sign of a FIS for specific purposes. Such spe-
cific tools, even if they are simple and easy to
use, usually have limited functionality. For ex-
ample, they include only one membership func-
tion (typically trapezoid) and/or one defuzzification
method. Hence, general-purpose tools are prefer-
able. FisPRO'* is a general-purpose tool developed
in Java that provides an interactive environment for
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designing and optimizing fuzzy inference systems.
To our knowledge, no tool exists in the Python com-
munity that enables the design of general-purpose
FISs. In this sense, we propose FISDeT as a novel
Python tool for the design of a general-purpose FIS.

Concerning standardization, only few packages
support the FCL language defined by the IEC
61131-7 specification. FCL is a structured language
oriented to the definition of fuzzy logic-based con-
trol systems. Only a limited programming experi-
ence is required to learn and understand such a lan-
guage. A number of packages can be mentioned
among those currently supporting FCL: FFLL'",
AwiFuzz'® and JFuzzyQT'7 (they are all written in
C++). However, as stated in Ref. 8, in many cases
such tools present problems when trying to read
FCL files. With regard to Java tools, JFuzzyLogic®
is one that correctly supports FCL. Currently there
are no tools written in Python that support FCL. To
this aim, we propose FISDeT as a novel Python tool
supporting the FCL standard.

In short, the main deficiencies of the existing
tools are: lack of standardization, difficulty in the
use, special-purpose design. These are the limita-
tions that encouraged the development of the FIS-
DeT tool described in this paper. FISDeT has been
developed by following the line of the most re-
cent tools, being designed to provide standardiza-
tion, platform independence and easy use. In ad-
dition, it represents the first tentative in the Python
developers community to provide a tool supporting
standard FIS design.

Recently, in Ref. 18 a deep analysis of exist-
ing software for fuzzy system development has been
presented. The authors emphasize the four aspects
that should guide further research directions in fuzzy
systems software in the future, namely interoper-
ability, novelty, usability, and relevance. We fol-
lowed these guidelines to analyze the main strength
points of FISDeT. Regarding interoperability, it is
widely admitted by the fuzzy community that there
is a need for a universal standard language to fos-
ter the interoperability of software for fuzzy sys-
tem development'®. Since FISDeT uses the FCL
language to define fuzzy systems, it allows to ex-
change fuzzy systems across different platforms and
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Table 1: Comparison of a number of fuzzy logic tools: the features are related to the presentation proposed in
Section 2: programming language for implementation; independence from specific platforms; presence of GUI;
support for the FCL standard; general-purpose conception; open source availability.

Language | | Platform GuI | FCL General- | Open

independence purpose | source
AwiFuzz C++ v - v - v
DotFuzzy C# v - - - v
FFLL C++ v - v - v
Fispro C++/Java v v - v v
FRBS C++ v - - - v
JFuzzinator Java v - - - v
jFuzzyLogic Java v - v v v
jFuzzyQt C++ v - v v v
libFuzzyEngine C++ v - - - v
nxtfuzzylogic Java v - - - v
FISDeT Python v v v v v

thus improves interoperability. The novelty of a
newly developed tool requires a previous analysis
based on the functionality criteria of the existing
software in the literature to enable researchers to
identify the software needs that the current software
cannot provide'®. We have carried out a prelimi-
nary analysis of the existing software in the litera-
ture according to basic characteristics such as pro-
gramming language, interoperability, GUI, use of
FCL, general/special purpose, open-source. Table
1 shows a comparison of the FISDeT facilities with
other tools reported in literature. From the analy-
sis it emerged that: i) no software for fuzzy systems
has been developed using the Python language so
far; ii) there are only a few software offering a GUI
for easy user interaction. FISDeT is going to in-
troduce in the literature panorama some elements of
novelty in both those respects. Regarding usability,
Ref. 18 states that “the open-source model makes it
easier for other researchers to develop and adapt
available software to their problems and provides
many advantages.” Moreover, usability is obviously
enhanced whenever a tool includes visual support
among its facilities. FISDeT is an open-source tool
and it is equipped with a properly designed GUI,
hence its usability is high. Finally, regarding rele-
vance, we made the FISDeT software available on
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the Github platform so that users can download our
software that we are going to keep updated. This
kinds of commitments will contribute to the rele-
vance of our tool.

3. Architecture of FISDeT

FISDeT is conceived as a development environment
with a GUI that enables easy construction of a FIS
and efficient inference of fuzzy rules. Figure 1
shows the general architecture of FISDeT. It is com-
posed of two main modules:

« The KBC (Knowledge Base Creator) contains a
set of procedures written in Python designed to
enable all the steps related to the definition of the
fuzzy knowledge base (i.e., the definition of input
and output variables, linguistic terms and rules).
The KBC stores all these elements in FCL format,
which is the common format used inside the envi-
ronment when handling the FIS components. Be-
sides manual definition of the knowledge base, the
user is allowed to import an existing knowledge
base in FCL format and eventually to modify its
elements.

o The IE (Inference Engine) contains a set of pro-
cedures included in the pyfuzzy library related to
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the parsing of a FCL file, the importing of input
data and the inference of fuzzy rules. Using a
graphical interface, the outcome values of the FIS
are graphically shown.

.—l Graphical Interface

KBC
waiatis | +| varatle | +]  ruts
T Write/Read
h 4
FCL
Read

IE

+| Import |+ Rule

Parser data Inference

Fig. 1. Architecture of FISDeT.

Both these modules communicate with a GUI
providing a simple and intuitive access to the ele-
ments of the FIS. A detailed description of the KBC
and IE modules is given in the following.

3.1. The Knowledge Base Creator

The KBC module is designed as a graphical tool to
guide the user through the definition of:

« the input/output variables
o the fuzzy sets associated to each variable
« the fuzzy rules

To this aim, the KBC module includes two areas: the
fuzzy variable area and the fuzzy rule area.
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Fuzzy Inference Development Tool = n
STEP 1: CREATION OF INPUT VARIABLES
Variable
— TRIANGULAR
NAME: ratur pomam:  |© % les.0-100 FUNCTION: =
(® TRAPEZOIDAL
Term
LABEL: ADD TERM:
2z cold =
warm
: i : : hot
ADD VARIABLE:

Fig. 2. GUI of the fuzzy variable area for the creation of an
input variable.

In the fuzzy variable area the user can define the
name of the input/output variables, together with the
linguistic terms (fuzzy sets) associated to each vari-
able and the corresponding membership functions.
To define fuzzy sets, the user can choose among
three predefined types of membership functions (tri-
angular, trapezoidal and Gaussian). With regard to
the output variable, a singleton fuzzy set can also
be defined. The graphical interface (depicted in Fig-
ure 2) presents the plot of fuzzy sets for each vari-
able. The user can define/adjust the values of the
membership function parameters by typing new val-
ues in the provided text areas, and confirming by
clicking on the “ADD TERM” button. A form on
the right side lists all terms that are currently as-
signed to each variable. The user can modify (re-
spectively, delete) a term by selecting it in the list
and then by clicking the iconic “EDIT” button (re-
spectively, “TRASH” button). The user is going to
repeat this process until all the terms have been as-
signed to each variable. Once the user has assigned
all the terms to a variable, a new variable can be
added to the knowledge base by clicking the “ADD
VARIABLE” button. While defining the output vari-
able (as reported in Figure 3), the user can choose
between different defuzzification methods: Center
of Gravity, LM (Local Left Maximum) and RM (Lo-
cal Right Maximum). They correspond to the meth-
ods supported by the pyfuzzy library used to imple-
ment FISDeT.
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Fuzzy Inference System Development Tool
STEP 2: CREATION OF OUTPUT VARIABLE
Variable
TRIANGULAR
4 GAUSSIAN

Es.0-100  FUNCTION:
(® TRAPEZOIDAL

NAME: output DOMAIN:

[ Classification SINGLETON

Term

LABEL: /ADD TERM:

DEFUZZIFICATION
METHOD:

SAVE VARIABLE

Fig. 3. GUI of the fuzzy variable area for the creation of the
output variable.

In the fuzzy rule area (Figure 4) the user can eas-
ily define rule’s antecedents and consequents: the
IF-THEN structure of a fuzzy rule is highlighted on
the screen and each antecedent (or consequent) can
be defined by choosing a fuzzy term from a combo
box. Once defined, a rule can be added to the knowl-
edge base by simply clicking on the iconic “ADD”
button. Moreover, the user can delete a rule by us-
ing the “DELETE RULE” button. Currently no choice
is available for the rule aggregation operator since
only one t-conorm operator is implemented, namely
the maximum function. With respect to the t-norm
operators, the tool implements the minimum func-
tion. Finally, the created fuzzy knowledge base can
be saved in FCL format.

Besides manual definition of the knowledge
base, the KBC module enables the importing of an
existing knowledge base stored in FCL format, thus
allowing the visualization of its elements. Once the
knowledge base is imported, the user can edit or
delete any fuzzy set, by simply clicking on it and se-
lecting the proper iconic button. Also, the user can
access the list of rules and eventually delete some
rules.
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Fuzzy Inference System Development Tool - - IEl

STEP 3: CREATION OF RULES

DEFINITION RULE

DELETE RULE

Fig. 4. GUI of the fuzzy rule area.

3.2. The Inference Engine

The IE module performs the standard process of
rule inference. Such an inference process is accom-
plished on the basis of a number of subsequent steps.
Firstly, the knowledge base is retrieved: the IE cap-
tures the FIS configuration by reading the involved
parameters stored in a FCL file. Then the user is
supposed to specify a set of input values. Finally,
the engine applies the process of rule inference and
calculates the output value that is brought to the at-
tention of the user. Figure 5 shows the GUI of the
inference engine.

The inference process can be also applied to a
collection of input data, that can be uploaded by
means of the “textscimport data” button. This en-
ables the application of a FIS to a wide range of
real-world problems for which observational data
are available. Suppose that a FIS has been defined to
solve a diagnosis problem. In such a case, it could
be useful to perform inference of rules and obtain
the outcome of the FIS for a collection of data de-
scribing a set of patients. This issue is shown in the
experimental section 5.

Output Variable

Fuzzy Inference System Development Tool

Input Variables

temperature
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output
0.667

Rule Membership

RULE MEMBERSHIP
RULE 0 0.444
RULE 1 0.667
RULE 2 0.0

INFERENCE
IMPORT DATA

MENU

Fig. 5. GUI of the inference engine.
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4. Implementation of FISDeT

The implementation of FISDeT is based on the
Python language. As concerns the KBN module, we
developed a number of classes to implement the pro-
cedures pertaining to the fuzzy variable area and the
fuzzy rule area. Figure 6 shows the class diagram
related to the fuzzy variable area.

TERM
VARIABLE nameVariable;
nameVariable; nameTerm;
domX;
I‘ domY;
getName; 51':
addVariable; 52'.
modVariable; S3f
deleteVariable s4;
getNameV;
getNameT;
getS1;
getS2;
getS3;
getS4;
addTerm;
modTerm;
deleteTerm;

Fig. 6. Class diagram for the implementation of the fuzzy
variable area.

The implementation of the IE module is mainly
based on pyfuzzy®, an open source library written in
Python that allows the design of fuzzy controllers.
One main advantage of using this library is the inde-
pendence of the platform: being written in Python,
pyfuzzy is compatible with any operating system.
Moreover pyfuzzy provides a standardization of FIS
design to the developers community since it is based
on the standard Fuzzy Control Language (FCL) pub-
lished by the International Electrotechnical Com-
mission (IEC 61131-7)'°. The IEC-61131 norm is
well known for defining the Programmable Con-
troller Languages, commonly used in industrial ap-
plications. All IEC-61131 languages are modular.
The basic module is called Programmable Organi-
zation Unit (POU) and includes Programs, Func-
tions or Function Blocks. A system is usually com-
posed of many POUs, and each of these POUs can
be programmed in a different language. A Function
Block resembles a very primitive object. It can have
multiple input and multiple output variables, can be
enabled by an external signal, and can have local
variables. Unlike an object, a function block only
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has one execution block (i.e. there are no methods).
The underlying idea for these limitations is that one
should be able to implement programs using either
text-based or graphic-based languages. Having only
one execution block allows to easily control execu-
tion when using graphic-based language to intercon-
nect POUs.

FCL uses a single POU type called Fuzzy In-
ference System (FIS) which is composed of one or
more Function Blocks (FBs). Each FB has vari-
ables (input, output or instance variables) as well as
one or more Rule Blocks (RBs). Each rule block
is composed of a set of rules, as well as Aggrega-
tion, Activation and Accumulation methods. Aggre-
gation methods play the role of AND, OR and NOT
operators for fuzzy sets. These can be Minimum,
Product or Bounded difference operators. Activa-
tion methods define how rule antecedents modify
rule consequents, i.e. once the IF part has been eval-
uated, how this result is applied to the THEN part of
the rule. The most common activation operators are
Minimum and Product. Finally, accumulation meth-
ods defines how the consequents from multiple rules
are combined within a Rule Block. Accumulation
methods defined in the standard include: Maximum,
Bounded sum, Normed sum, Probabilistic OR, and
Sum. All methods defined in the standard are imple-
mented in pyfuzzy. The code reported in the follow-
ing lines shows a simple FIS described using FCL.

FUNCTION_BLOCK dummy
VAR_INPUT
temperature : REAL; (* RANGE(O .. 40) *)
END_VAR

VAR_OUTPUT
output : REAL; (* RANGE(-4 .. 4) *)
END_VAR

FUZZYFY temperature
TERM cold := (0, 0) (0, 1) (10, 1) (19, 0) ;
TERM warm := (11, 0) (17, 1) (29, 1) (34, 0) ;
TERM hot := (29, 0) (34, 1) (40, 1) (40, 0) ;
END_FUZZYFY

DEFUZZYFY output
TERM high := (-4, 0) (-4, 1) (-3, 1) (0, 0) ;
TERM zero := (-2, 0) (0, 1) (0, 1) (2,0) ;
TERM low :=(0,0) (2.5,1) (4, 1) (4,0);
ACCU:MAX;
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METHOD:MaxRight;
DEFAULT :=0;
END_DEFUZZYFY

RULEBLOCK temperature
AND:MIN
RULE O:IF (temperature IS cold) THEN (output IS
high);
RULE 1:IF (temperature IS warm) THEN (output IS
Z€er10);
RULE 2:IF (temperature IS hot) THEN (output IS
low);
END_RULEBLOCK
END_FUNCTION_BLOCK

Only two membership functions are defined in
the IEC standard: singleton and piece-wise lin-
ear. The pyfuzzy library also implements other
commonly used membership functions: trapezoidal,
sigmoidal, and Gaussian. Pyfuzzy implements the
standard fuzzy inference process according to the
Mamdani-type model. Besides different rule ag-
gregation and activation methods, some defuzzifi-
cation methods are supported, which are ‘Center of
gravity’, ‘Rightmost Max’, ‘Center of area’, ‘Left-
most Max’, ‘Mean max’ (for continuous member-
ship functions), or ‘Center of gravity’ (for discrete
membership functions).

To perform the parsing of FCL code we used
ANTLR v3?°. This is a powerful parser genera-
tor for reading, processing, executing, or translating
structured text of grammatical descriptions contain-
ing actions in a variety of target languages, including
FCL.

As described in this section, FISDeT is grounded
on the pyfuzzy library. It should be pointed out, how-
ever, that the implementation of a GUI allows the
FISDeT user to disengage from code as well as to
avoid the employment of a Python IDE where some
specific library must be imported. The adopted GUI
enables a guided approach for building up an in-
ference system without writing lines of code or de-
scending into the details of some particular library.

5. Application examples

In order to illustrate the usage of FISDeT we con-
sider a couple of employment examples. The first
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one concerns the use of FISDeT for the acquisition
and the modification of a FIS whose knowledge base
was previously extracted in an automatic way from
a set of data representative of a classification prob-
lem. The second one is an example of FIS definition,
i.e. the creation of a knowledge base “from scratch”
by exploiting only the human experts’ knowledge.

i Open File - n

Create

y -
-

Y step

Import

Fig. 7. Importing FCL code in FISDeT.

5.1. Importing a FIS

The first example aims at showing the capability of
the FISDeT tool to visualize and analyze the knowl-
edge base of a given FIS. In this example we em-
ployed the well-known Iris dataset which deals with
classification of Iris flowers and a previously defined
FIS that was automatically generated from data by
using the DC* algorithm?!. DC* automatically ex-
tracts interpretable fuzzy rules from data by means
of a double clustering process. This process pre-
serves the multidimensional relations among data
and allows to define both the minimal required gran-
ulation level for each input feature without further
tuning mechanisms. The only required parameter
for DC* is the number of prototypes needed for the
first clustering phase, corresponding to the maxi-
mum number of fuzzy rules in the rule base. Obvi-
ously DC* is adopted here for the sake of example:
any other algorithm for rule extraction can be used
as well, provided that a rule representation can be
obtained in the FCL standard.
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Once translated in the FCL format; the extracted
fuzzy rules were imported in FISDeT (Figure 7). Af-
ter the importing operation, all the FIS components
are available for visualization and the inference pro-
cess can be performed. FISDeT can provide the in-
ference result for a single input sample as well as for
a collection of input samples, that can be imported
using the “IMPORT DATA” facility. This is very use-
ful when a set of observational data is available and
the user wants to obtain all the outcomes in a single
step (e.g. medical diagnosis of a group of patients).
If a manual tuning is required to improve a FIS au-
tomatically acquired from data, FISDeT allows to
operate both on the rule base and on the member-
ship functions (with the possibility to add/remove a
rule or a fuzzy set and to modify parameters/shapes
of membership functions).

5.2. Creating a FIS

The second example concerns a common problem
of image processing, namely contrast enhancement,
which is one of the principal intensity transforma-
tions that can be applied to a digital image.

According to Ref. 22, we can express the task
of enhancing the contrast of a gray-scale image by
means of the following fuzzy rules:

IF a pixel is dark THEN make it darker
IF a pixel is gray THEN make it gray
IF a pixel is bright THEN make it
brighter

where the input variable pixel represents the inten-
sity value of a pixel defined on the interval [0,255],
and the concepts dark, gray and bright are repre-
sented by fuzzy sets defined on this domain. Figure
8 shows the use of FISDeT to define the member-
ship functions of these fuzzy sets. As concerns the
output variable, it represents the adjustment of in-
tensity expressed as a percentage. Hence the con-
cept darker indicates a percentage of a dark inten-
sity value (100% being the limiting shade of dark,
i.e. full dark), the concept brighter represents a per-
centage of a bright shade (100% being the limiting

value, i.e. full white) and the concept gray repre-
sents degrees of an intensity in the middle of the
gray scale. When interpreted as constant intensities
whose strength is modified, the output membership
functions are singletons. Figure 9 shows the use of
FISDeT to define singletons on the output variable.

Fuzzy Inference Development Tool - oKl

STEP 1: CREATION OF INPUT VARIABLES
Variable

NAME: Loomcs pomam:  |© 25 |Es.0-100  FUNCTION:

Term

LABEL: 400 TERM:

Fig. 8. Definition of fuzzy sets for the input variable pixel
using FISDeT.

Fuzzy Inference System Development Tool - @
STEP 2: CREATION OF QUTPUT VARIABLE
Variable
TRIANGULAR
NAME: autput oomam:; [0 20 | Esi000  FUNCTION: Salmei
TRAPEZOIDAL
Classification i
Term
DEFUZZIFICATION
R METHOD:
LageL: ADD TERM:
coes -
darker i]
gray
brigther
:
MENU

Fig. 9. Definition of fuzzy singletons for the output variable
using FISDeT.

Finally, we defined fuzzy rules using the inter-
face provided by FISDeT (Figure 10). Once com-
pleted the definition of the knowledge base, we

* The knowledge base extracted by DC* was translated in the FCL standard by an additional Python module purposely designed.



ATLANTIS
PRESS

International Journal of Computational Intelligence Systems, Vol. 10 (2017) 13-22

saved it as an FCL filel The resulting FIS can be
used to enhance the contrast of any gray-level image.
Given the pixel intensities of an image, FISDeT per-
forms inference of rules and provides new intensity
values for the enhanced image. Figure 11 shows the
result of applying the inference of the defined FIS to
a couple of images.

Fuzzy Inference System Development Tool =&
STEP 3: CREATION OF RULES

IF (pixel 1S dark) THEN (output IS darker);
IF (pixel IS gray) THEN (output IS gray);
IF (pixel IS bright) THEN (output IS brighter);

DELETE RULE

Fig. 10. Definition of fuzzy rules for the contrast enhance-
ment using FISDeT.

(a) (b)

Fig. 11. (a) Low-contrast image. (b) Enhanced image ob-
tained by inference of the FIS defined for contrast enhance-
ment.

6. Conclusions

In this paper, we described FISDeT, a software
tool for the design of a FIS following the standard
IEC 61131. FISDeT brings the benefits of open
source software and standardization to the fuzzy sys-
tems community. As application examples, we used
FISDeT both to acquire available fuzzy knowledge
bases (related to a specific classification problem)
and to design a FIS purposely conceived to tackle a
specific task (related to the problem of image con-
trast enhancement), thus showing how FISDeT can
be used to easily implement a FIS from scratch. Ex-
perimentation with the tool on such application ex-
amples leads to the conclusion that FISDeT offers
a very simple and straightforward way to develop
fuzzy rule-based systems for a broad variety of prob-
lems.

The effectiveness of the tool lays on an accurate
design which focuses on user-friendliness and inter-
activity. Summarizing, its main advantages are:

« Standardization. FISDeT is based on the pyfuzzy
library which contains the basic programming el-
ements for the standard IEC 61131-7, which re-
duces programming work.

« Extensibility. FISDeT is an open source environ-
ment, which is of special interest for the research
community.

« Platform independence. FISDeT can be run on
any hardware and operating system configuration
that supports Python.

« User-friendliness. The graphical interface reduces
programming work and extends the range of pos-
sible users applying fuzzy systems.

The FISDeT software package is continuously
being updated and improved. The current release
of FISDeT for different platforms is available at
https://github.com/Fisdet/FISDeT. By now
the tool enables the construction of MISO Mamdani-
type fuzzy systems. Further work is in progress
to extend FISDeT so as to enable the definition of
MIMO fuzzy systems.

T The FCL code for this case study is available for download at https://github.com/Fisdet/FISDeT.
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