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Abstract:- Fuzzy Behavior Description Language (FBDL) is a
suitable tool for defining Fuzzy State Machine based strategies.
The goal of this paper to introduce the application of the FBDL
for describing a vehicle navigation strategy in a Fuzzy Rule
Interpolation (FRI) rule-base format. The FBDL is a
declarative language supports the navigation strategy
description which can be directly “run” on an FRI Behavior
Engine. The main benefits of the FBDL application are the
clear, verbose, and self-explanatory human readable knowledge
base representation. Beyond the introduction of the FBDL
application area, the paper also discusses the details of the
navigation strategy definition, its implementation with its
performance evaluation in a simulated environment.
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I.  INTRODUCTION

Automated Guided Vehicles (AGV) are increasingly
present in industrial and services field, particularly when
flexible motion capabilities are required on reasonably
smooth grounds and. One of the most important issues in the
field of (AGV) and autonomous navigation is to build
physical systems that can move purposefully and without
human intervention in real world environments and the
design of control algorithms for path tracking, the main
objective of such algorithms is to assure that the (AGV) will
follow a predetermined path, the problem of path tracking by
a (AGV) has been gaining in popularity over recent decades
and has been extensively studied in Automated Guided
Vehicles literature; various control strategies have been
proposed to drive these vehicles efficiently to execute a given
trajectory.
One of these strategies is fuzzy reasoning method, its ability
to represent linguistic terms and reliable decision making in
spite of uncertainty and imprecise information makes it a
useful tool in control systems.

The main drawback of the classical fuzzy reasoning methods
are demanding complete rule bases, construction of these
rules claims a special care of filling all the possible rules. If
there are some rules missing observation may result to no hit
of the rule base and therefor no conclusion is obtained [1].
One of solution of this problem is the application of the fussy
rule interpolation (FRI) method, where the derivable rules are
deliberately missing, since FRI methods can provide
reasonable (interpolated) conclusions even if none of the
existing rules fires under the current observation.
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The rule base of a FRI controller is not necessarily complete
but it must contain the most significant fuzzy rules only
without risking the chance of having no conclusion for some
of the observations

1.  ABRIEF OVERVIEW OF FRI TECHNIQUES

One of the first FRI techniques was published by Kocsy, and
Hirota [2]. It is usually referred as KH method. It is
applicable to convex and normal fuzzy (CNF) sets. It
determines the conclusion by its a-cuts in such a way that the
ratio of distances between the conclusion and the consequents
should be identical with the ones between the observation and
the antecedents for all important a-cuts. The applied formula:

d (A*, Aj) : d(A*, A1) =d(B*, By) : d(B*, By),

can be solved for B*for relevant a-cuts after decomposition.
It is shown in, e.g. in [3], [4] that the conclusion of the KH
method is not always directly interpretable as fuzzy set.
This drawback motivated many alternative solutions. A
modification was proposed by Vass, Kalmar and Kocsy [5]
(VKK method), where the conclusion is computed based on
the distance of the center points and the widths of the a-cuts,
instead of lower and upper distances. VKK method decreases
the applicability limit of KH method, but does not eliminate it
completely. The technique cannot be applied if any of the
antecedent sets is singleton (the width of the antecedent’s
support must be nonzero). In spite of the disadvantages, KH
is popular because its simplicity that infers it’s advantageous
complexity properties. It was generalized in several ways.
Among them the stabilized KH interpolator is emerged, as it
is proved to hold the universal approximation property [6],
[7].This method takes into account all flaking rules of an
observation in the calculation of the conclusion in extent to
the inverse of the distance of antecedents and observation.
The universal approximation property holds if the distance
function is raised to the power of the input’s dimension.
Another modification of KH is the modified alpha-cut based
interpolation (MACI) method [8], which alleviates completely
the abnormality problem. MACI’s main idea is the following:
it transforms fuzzy sets of the input and output universes to
such a space where abnormality is excluded, then computes
the conclusion there, which is finally transformed back to the
original space. MACI uses vector representation of fuzzy sets
and originally applicable to CNF sets [9].

These latter conditions (CNF sets) can be relaxed, but it
increases the computational need of the method considerably
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[10]. MACI is one of the most applied FRI methods [11],
since it preserves advantageous computational and
approximate nature of KH, while it excludes its abnormality.
Another fuzzy interpolation technique was proposed by
Kocsy, Hirota, and Gideon. [12]. It is called conservation of
“relative fuzziness” (CRF) method, which notion means that
the left (right) fuzziness of the approximated conclusion in
proportion to the flanking fuzziness of the neighboring
consequent should be the same as the (left) right fuzziness of
the observation in proportion to the flanking fuzziness of the
neighboring antecedent. The technique is applicable to CNF
sets.

An improved fuzzy interpolation technique for
multidimensional input spaces (IMUL) was proposed in [13],
and described in details in [11]. IMUL applies a combination
of CRF and MACI methods, and mixes advantages of both.
The core of the conclusion is determined by MACI method,
while its flanks by CRF. The main advantages of this method
are its applicability for multi-dimensional problems and its
relative simplicity.

Conceptually different approaches were proposed by Baranyi
et al [14] based on the relation and on the semantic and inter-
relational features of the fuzzy sets. The family of- 257 -
these methods applies “General Methodology” (GM); this
notation also reflects to the feature that these methods are
able to process arbitrary shaped fuzzy sets. The basic concept
is to calculate the reference point of the conclusion based on
the ratio of the distances between the reference points of the
observation and the antecedents. Then, single rule reasoning
method (revision function) is applied to determine the final
fuzzy conclusion based on the similarity of the fuzzy
observation and an “interpolated” observation.

I1l. A DECLARATIVE LANGUAGE FOR BEHAVIOUR
DESCRIPTION

The task of the suggested declarative language is to
provide a simple way for defining the state-transition rule-base
size in a human readable form close to the original verbal
form as the ethological models are given [15]. The proposed
model is built from various rule-bases. According to the
common decomposed FRI models, the rule-bases can have an
arbitrary number of input values (antecedents) and a single
output value (consequent). The state of the system s
determined by the values of the edges. This enables the
description of the structure of the system without restrictions
on the inner implementation of the rule-bases.

All the rule bases must possess a unique name, also the
name of a rule-base needs to be the same as the name of its
consequent. Therefore connections between the rule-bases can
be defined by these unique names of the antecedents and the
consequent.

The presented language is a structured language consisting
of various blocks.

A block can be opened simply by using any valid
keyword, which at the same time defines the type of the block.
Blocks should be closed with the ’end’ keyword. Some types
of blocks have a name in quotes after the type of block
keyword. All types of blocks can optionally contain a
’description” keyword which is followed by a documentation

comment. Depending on the type, the contents of the blocks
are slightly different. Considering the block definitions
presented in the followings, our goal was to make them
verbose and human readable.

For formal description of the proposed behavior

description language we present syntax diagrams. The text
element marks a quoted string, which can contain arbitrary
characters except the quote character itself. In the followings
the language will be introduced in a top-down manner.
The most important type of block is the ’rule-base’ type
(Figure 1a).the scroll down window on the left of the MS
Word Formatting toolbar. At the start of the rule base
definition a method’ block (Figure 1b) defines which one of
the supported consequent calculation methods should be
used, with its corresponding parameters

I [ rulehase]

text | - { method |

text | - [descrlptlon]

I rUIe | -}I "

(2) Rule base definition

antecedent |-" -

consequent | -

S —

e mzthnr.ll | text |-\‘ description l text | — ! term |—" re >

(b) Term block definition

Fig. 1: Syntax diagrams of the description language

IV. FRIRULE BASE DESIGN EXAMPLE

The application example introduced in this paper
for demonstrating the benefits of the interpolation-based
fuzzy reasoning as systematic approach, is the fuzzy rule base
construction of an automated guided vehicle (AGV) steering
control [16], [17]. In the example, the steering control has
two goals, the path tracking (to follow a guide path) and the
collision avoidance. The guide path is usually a painted
marking or an active guide-wire on the floor. The guiding
system senses the position of the guide path by special
sensors (guide zone) tuned for the guide path. The goal of the
steering control is to follow the guide path by the guide zone
with minimal path tracking error on the whole path (fig. 2).
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Fig. 2: Different steered AGV with guide zone, § is path tracking error, ev is
the distance of the guide path and the guide point, Py, is guide point, K is the
drining center, R;, Rg, Rm are the distance measured by the left, right and
middle ultrasonic sesors (Ui, Ugr, Uw)

A. Path tracking, complete rule base

The design of the steering control rule base can be
divided into two main steps. First the path tracking rule base
needed to be elaborated and then it can be extended by the
rules of collision avoidance. The simplest way of defining the
fuzzy rules is based on studying the operator’s control actions
in relevant situations. These control actions could form the
later rule base. The basic idea of the path tracking strategy is
very simple: keep the driving centre K of the AGV as close as
it is possible to the guide path, and than simply turn the AGV
into the new direction. This strategy needs two observations,
the measured distance between the guide path and the guide
point (e), and the estimated distance between the guide path
and the driving centre (3) (see fig. 3 for the notation). Based
on v these observations, as a conclusion, the level of steering
(') needed to be calculated. Collecting the operator’s control
actions, the path tracking strategy can be

K [( 1( ] K K
ey : Zero e, Zero e, : middle e, middle e, large
&1 zero 6 : middle & : middle 8 zero 8 middle
Vg zero Vg small - Vg zero Vglarge— Vg large —

Fig. 3: Relevant control actions (Vg steering) characterizing the path
tracking strategy

Having the relevant control actions and the linguistic term
fuzzy sets (fuzzy partitions) of the two antecedent and one
consequent universes, the fuzzy rule base can be simply
constructed. The i*" rule of the rule base has the form:

Rvad : If ey =A1, And d=A3, Then V4=B;

Let us have the linguistic term fuzzy partitions built up five
fuzzy sets, namely: negative large (NL), negative middle
(NM), zero (2), positive middle (PM), positive large (PL) for,
d), and negative large (NL), negative small (NS), zero (2),
positive small (PS), positive large (PL) for the consequent
universe (Vg). Building a complete fuzzy rule base first,
according to the antecedent terms, we have to set up an
antecedent grid of all possible fuzzy rules, and then fill it with
the corresponding rule consequents (see Table I). First we can
fill the rule consequents already known as relevant situations
from the knowledge acquisition phase (noted by underline on
Table 1.), than to make the rule base complete, the “filling”
rules too.

In most cases, the “filling” rules have the only task to get
“smooth transient” between the relevant rules. Selecting a
fuzzy reasoning method, e.g. the max-min composition, and
center of gravity defuzzification, the control surface of the
steering can be directly calculated as shown in figure; 4.

TABLE |
PATH TRACKING, COMLETE RULE BASE

Rvd: &y

o= NL: NM: Z: PM: PL:
NL: PL PS Z NS NL
NM: PL PS PS Z NL
Z: PL PL Z NL NL
PM: PL Z NS NS NL
PL: PL PS Z NS NL

A
s
\\\“%if'i?ﬁf :
Sty

i

i

i

Fig. 4: Control surface of the path tracking steering strategy, max-min CRI,

center of gravity defuzzification, 25 rules, complete rule base (Table 1.)
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B. Path tracking, sparse rule base

The design of the path tracking steering control rule
base for FRI is very similar to the complete rule base
situation. The main difference is the lack of the “filling”
rules. The rule base contains the rules of the relevant
situations, known from the knowledge acquisition phase,
only (see Table II).

Introducing single antecedent rules, rules which have the
same conclusion independently from some of the antecedents
can be merged to single rules i.e. according to our example
the rule base of Table Il can be simplified to Table I1I.
Selecting a fuzzy reasoning method suitable for sparse rule
bases, i.e. in our case the “FIVE” FRI, introduced in Section
I11, after constructing the scaling functions of the antecedent
and consequent universes based on their fuzzy partitions (see
fig. 5, fig. 6, and fig. 7).

TABLE Il

PATH TRACKING, SPARSE RULE BASE

Rva: &y

o= NL: NM: Z: PM: PL:
NL: PL NL
NM: PL PS Z NL
Z: PL PL NL NL
PM: PL Z NS NL
PL: PL NL

TABLE Il

PATH TRACKING, SPARSE RULE BASE

Rvd ey 3 Vy
Rule 1: NL PL
Rule 2: PL NL
Rule 3: NM z PL
Rule 4: PM Z NL
Rule 5: NM PM z

Rule6: PM NM Z

Rule 7: 4 PM NS
Rule8: z NM PS

Fig. 5: The e, antecedent fuzzy partition and its scaling function Sev

A

Mar~ Mk 2 PN PL

Fig.6: The & antecedent fuzzy partition and its scaling function s;

1

BNDN NS Kz AP ~PL

Fig. 7: The Va consequent fuzzy partition and its scaling function s..
C. FBDL application example

As an application a simple behavior set consisting of
eight rule-bases is presented. The inputs and outputs of the
system are simulated by a small application developed for
this purpose. The simulation environment employs an agent,
which is able to explore its environment

universe "vd"
"NL"-1-1
"NS"-0.3-0.3
"Z"00
"PS"0.30.3
"PL"11

end

universe "ev"
“NL"-1-1
"NM"-0.5-0.5
"Z"00
"PM" 0.50.5
"PL"11

end

universe "delta"
"NL"-1-1
"NM"-0.5-0.5
"Z"00
"PM" 0.50.5
"PL"11

end

rule base "vd"
rule

"PL" when “ev"is "NL"
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principle base having a similar antecedent fuzzy partitions,
the directing control ought to contain 52+ 25= 57 rules.
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end
rule
“NL" when “ev" is "PL"
end
rule
"PL" when "ev" is "Z" and [1]
“delta” is "NM"
end [2]
rule
"NL" when "ev"is"Z" and
"delta” is "PM" [3]
end
rule
"Z" when "ev" is "PM" and
“delta” is "NM" [4]
end
rule
"Z" when "ev" is "NM" and
"delta” is "PM" [5]
end
rule
"NS" when "ev"is "PM" and
“delta” is "Z" [6]
end
rule
"PS" when "ev" is "NM" and [7]
“delta" is "Z"
end [8l
end
The simulation of the above presented example with
graphical user interface was created, and control surface of ]
the steering can be directly calculated as shown in figure: 8.
[10]
[11]
[12]
3
[13]
[14]
ev 0 o [15]
i . . [16]
Fig. 8: Control surface of the path tracking steering strategy, rules, sparse
rule base, according to (FBDL)
V. CONCLUSION
The main objective of this paper was to present a [17]
viable, application situated perspective on Fuzzy Rule
Interpolation (FRI) strategies. Applying FRI techniques and
thus scanty standard bases can drastically improve the
method for fuzzy rule base creation. FRI strategies can spare
the master from managing logical principles and accordingly
help to lessen the quantity of the fuzzy rules needed should
have been taken care of extensively. In the model "Path
Tracking system™ presented in this paper, the steering control
sparse fuzzy rule base was built upon 12 runs as it were. If
there should arise an occurrence of old style fuzzy logic
controller (FLC), for example max-min CRI, and complete
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