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Abstract

In this paper we present a simulator based on the paraconsistent annotated logic Ër
(Para-Sim) that allows to deal with inconsistent or paracomplete signals in a non-trivial
manner, besides dealing with fuzzy information. The simulator Para-Sim allows parameters to
be modified by a paraconsistent analysis and conditions in order to obtain the optimization of
the qualitative notions of real size, as distance between the robot and the obstacles, and also
navigation speed.
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logic and applications, logic controller.

1 Introduction

The researches trying to find appropriate systems for contol that qualifies robots with
behavior that "imitates" the human being have been done in the last decades. However, when
it is endowing robots with decision autonomous making, it several diffrculties are faced. This
is due to many factors where, the main is technological difficulty found in the construction of
control systems. Usual control systems employed in robots are built with their basis mainly on
classical logic or on its several extensions, which is ineffrcient in a countless number of
situations that the robot faces in the real wodd. We will focus on some of these diffrculties.
namely, inconsistencyu and paracompletenessb.

When the robot is mobile and autonomous, the difficulties still imposed by the own
structural nature that forces all the electro-electronic installation of the robot to be embarked,
as well as its own sources of energy and its sensors. Our aim is to find means of projecting
control systems that can react appropriately to the real situation, as the one of inconsistency,
paracompleteness and fuzziness. The underlying logic considered in this work is a non-classic
logic, namely, paraconsistent annotated logic Er, and it has shown efïïciency in the treatrnent
of sigrals that can be conûadictory. Para-Sim simulates an analysis using paraconsistent logic
in an autonomous mobile robot.

" Intuitively, a value coresponding to a proposition and its negation both hue at same time.
b lntuitively, a value corresponding to a proposition and its negation both false at same time.
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2 The controlsystembased onEr

The atomic formulas of the paraconsistent annotated logic Er" is of the type pts r>
where (p, i,) e [0, 1]2 and [0, l] is the real unitary interval (p denotes a propositional
variable). There is an order relation defined on [0, l]2: (pr, Ir) 3 (ltz,t'z) <+ p,r 3 p2 and 1,1 <

Iz . Such ordered system constitutes a lattice that will be symbolized by r.
p(r D can be intuitively read: "It is believed thatp's belief degree (or favorable evidence) is p
and disbeliefdegree (or contrary evidence) is 1,."
So, we have some interesting examples:
. p(1.0,0.0) can be read as a true proposition.
. p(0.o,t.0) can be read as a false proposition.
. p0.0,1.0) can be read as an inconsistent proposition.
. p{o.o,o.o; can be read as a p:nacompleted (unknown) proposition.
. p(0.:, o.s) can be read as an indefinite proposition.

The consideration of the values of the belief degree and of disbelief degree is made,
for example, by specialists that use heuristics knowledge, probability fDernpster 68] or
statistics [Duda, Hart, Konolid & Reboh 79].

There is a natural operator- : I r | + | r I defined in the lattice:
- t(rr,r)l= (À. p)".
The lattice r can be represented by the usual Cartesian system.

Fig. 1: Unitary square with new segments defining sub-regions.

We can consider several important segments:
SegmentDB - segment perfectly defrned: p + i, - I = 0
Segment lC - segment perfectly undefined: p - À = 0
We define the following concepts:
o Contradiction degree: Ga = lr + À - l;
o CertainW degree: G" = F - L
o Inconsistency degree: Gi" : lt + 7t- | if and only if(1t+ 1,) 2 I
. Paracompleteness degree: Ga: It+)t- | if and only if (1t + l,)< I
o Truth degree: Q = p - 7u if and only tf tt >1';
o Falsity degree: Gr: tt - 7' if and only tf p<)'

" A detailed account is to be found in [Abe 92].
d The concept ofparacompleteness is the "dual" ofthe concept of inconsistency
" Such operator works as the "meaning" ofthe negation logic connective.
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The certainty degree axes and the conhadiction degree æ(es can be represented as in
Figure 2.

Fig.2: Representation ofthe certainty degrees and ofthe contadiction degrees.

With these values in the lattice, some regions can be considered in the unitary square
of the Cartesian plan that will define the outputs resulting slcfes. These states can be
described with the values of the cerùainty degree and contadiction degree. In this work we
have chose,n the resolution 12 (number of the regions considered according in the Figure 3),
but the resolution is totally de,pendent on the precision of the analysis requted in the output.
Also, the resolution can be easily modified according to each applicaton and precision
required. In ordsr ûo make easier the recognition of each region, each one received a
denomination in agreement with its proximity with the octrenre states of the lattice.

Fig. 3: Rçresentation of the ertreme and,non-qtreme states regions.

The exteme logical states (regions of the unitary square) with its corresponding
symbols are:

T + Inconsistent
F => False
1+ Paraconplete
V + T r u e

And the non-externe logical states (regions of the unitary square):
f - f + Paracomplete tending to False
1-v + Paracomplete tending to True
T -, f + Inconsistent tending to False
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T- v + Inconsistent tending to True
At -+T + Almost - True tending ûo Inconsistent
Af -+T + Almost - False ûending to Inconsistent
Af -, l- = Almost - False tending to Paracomplete
At -+ I + Almost - True ænding to Paracomplete
The extreme states in the axes of the certainty values were defured by the tme degree à

Yztobe considered uTrueu. To be considered "False" the degree of falsehood is < -Yz.
In the same way the exûeme states in the a:res of the conhadiction values were defined

by degree ofthe inconsistency 2 Vztobe considered "Inconsistenf' and Paracomplete degree 3
-% to be considered "Paracomplete".

As observed before, the limit values of the extreme and non-exteme states are project
decision, therefore it depends on the applications. These values can be adjusted and they are
denominated Control Values (in this work we have chosen Yz),where:
o Maxvcc = maximum value of certainty control
o Maxncrc = maximum value of contradiction control
o Mirt,* = minimum value of certainfy control
o Mirvcæ = minimum value of contadiction control.

In this worh the lattice of the logic .Er represenûed by the unitary square in the
Cartesian plan was built with areas defined by values of conhol % and with resolution 12. The
representation ofthis configuration is shown in the next figure.

Fig. 4: Representation of the certainty degrees and of the contadiction degrees with the
control values: Max"* = Max""6 = /z and Min""" = Minu"6: -%,

With these considerations, we can intoduce the'?ara-analyzer".

3 Algorithm Para-Analyzer

*/ Definitions ofthe values */
Max""": C1 +/maximum value of certainty Controlt/
Max6 : C2 */ maximum value of conîadiction control */
Min* = C3*/ minimumvalue of certainty Control */
Min"* = Ca*/minimumvalue of contradiction control*/
+i Input Variables */

p
T
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*/ Output Variables */

digital output = Sl
Analogical output = S2a
Analogical ou{put = S2b
t / Mathematical expressions * /
being:
0 < p S l e 0 < 1 . < l
G " , : P + l -  |
G " =  y - L

* / determination of the extreme states * /
if G" > Cr ttren St :1
if G" > C2 then 31 =/

i f  Gq2Ct then S' = 7
if G"r < Cr then Sr = I

*/ determination of lhe non-extreme states * /
for0 { G" < C1 and 0 3 G"t<Ct

if G, > G", then 51 = At -T
else Sl = T+ t
for0 < G"< Cr and Cr < G"r S 0
if  G" > lG", I  then S1 =At -*
e l s e S r = l - - t
forC2 < G" < 0 and C4 < C", < 0
tf lG"l > | Ga lthen Sr = AF-I
e l s e S r = l - - f
f o r C 2 < G " 5 0 a n d 0 3 G o < C t

If lG" | > G",ticn 51 = AF +T
else Sr = T- f
Go= S:"
G"=S:
rI ENDiI

In this way, contadictory, paracomplete, and uncertainty information can be treated in
a close way of the reality, through combinations of evidences.

The external adjuss permitt€d in the regions considered, make the applications of the
"Para-analyzer" easier and more faithful when in the elaboration of control systems for
Automation areas, Artificial Intelligence, and Robotics. The Para-analyzer also allows
optimization and offers a good conùollabilify of systems, including important situations of the
real world. The visualization through the Hasse's diagram of the lattice, with t\e al(es of
values of certainty degrees and of the contradiction degrees, gives a more realistic vision of
the situations through semor information of the environment at any moment, porhaying
several situations in a more complete and faithful way. Therefore, the fundamental
importance of the algorithm presented is to show that the Paraconsistent logic is applicable in
real syst€ms.

The algorithm Para-Analyzer of the software Simulator makes every analysis in a
control system of the paraconsistent logic controller-Para-control. The values pr and pz are
considered as inputs and by the equations of the definition of certainty and contradiction
values we get the analogic values of D. and D;. besides a binary word composed by 12 digits.
Each active digit corresponds to the resultant output logical state.

The robot control system v/orking with coming signals of two sensors are more
effrcient to extract values expressing the physical reality.
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3 The Paraconsistent Logical Simulator Paraconsistent: Para-Sim

The simulation through softwares is effrciently a powerful support tool for the
Robotics. The great advantage of the simulation is that in the autonomous mobile robot the
variables of the control process are diffrcult to be monitored. We can mention as an example:
path, position and the robot's speed. The simulated robot can be activated as numy times as
needed no matter energy usage, physical damage, collision, etc.

In the peculiar case of a virtual robot's simulation that works based on the annoùated
paraconsistent logic it is extremely important that the variables and the adjustnents of the
lattice can be modified offering a more precise analysis of the consequences of these
variations.

The Para-Sim it is a software simulator of the method of application of the
paraconsistent annotated logic Er in Robotics. The illustration below displays the main screen
of the Para-Sim where we can find: the virtual robot with two sensors of ultrasonic sound
wav€s, the obstacles in the environment of the robofs navigation and the right of the screen

detaohes the representative lattice of the logic Ër. In the lattice associated to the logic ^6t, a
sign X represents where the result of the computation of,the
certainty degrees D" and of contradiction Dot are placed. The signals are positioned as the
equations ofthe paraconsistent analysis are shown previously.

Fig. 6: Main screen of the Para-Sim where the Paraconsistent Mobile Robot moves in a
virtual environment where a circular obstacle exists.

The Para-Sim allows tests to be made and also several virmal analyses of the
optimization of the robot's behavior. That is why modifications are made in the adjustments of
the algorithm and the consequences in the system ofparaconsistent logical control are verified
through the visualization of the robofs behavior. The adjustments that characterize the
analysis and the possible modifications in the lattice of .E't can be visualized through a second
screen, according to the next illustration.
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Fig. 7: Pennission Screen for modification of adjustments and control characteristics.

4 Conclusion

Analysis of real sihrations can receive information that generate inconsistent signals
bri"gmg for the contol contadiction situations that are unable to be conveniently treated for
the Classic Logic. The application of the paraconsistent logic Er in Robotics demonstates
that the analysis of signals of information on the environment using the algorithm Para-
anzlyrÊt gives an efficient teaùnent to several problems caused by contradictory and
paracomplete situations.

The Para-Sim Simulator, totally built based on the logic Et comes as an efficient tool
for analyses, tests and contol optimization aiming applications in systems of control for
Robotics. The possibility of modifications in the values of the adjustnents of the lattice will
give to tlre planner conditions of doing the Robofs behavior analyses in an enyironment not
stuctured, of diffrcult obtaining in practice. These virtual simulations allow the results to be
transfened for the reality and that the inconsistencies can be treated in a close way to the real
conditions, through the consideration of evidences. The adjusûnents and modifications in the
contol, with observations of the Robot's behavior in the virtual environment eases the
optimization of the control system in practice.

The Simulator Para-Sim presented in this work is a significant progress in the analysis
and researches of the logtrc Er bringing new forms of givng appropiate featnent to sigaals
of conbadictory information.

Through the Para-Sim Simulator the applicability of the paraconsistent logics is
demonstated in real systems bringing for the area of the Robotics new forms of working with
real situations of uncertainW.
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