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Abstract— In this paper we present a way of deciding which
control law should operate at a time for a mobile alking robot.
The proposed deciding method is based on the new essch field,
called Neutrosophic Logic. The results are presentedais a
simulated system for which the output is related tathe inputs
according to the Neutrosophic Logic.
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.. Introduction

The mobile robot control represents a real intedest to
its industry applications, but also due to its ®led using
robots in households. Because of its complexity can say
there are three major types of robot control[9]e Tinst one is
formed out of the PID (proportional — integrativelerivative)
control or PD (proportional — derivative) contrd[t 13], in
which the tracking errors along with their integrat and
derivative part are amplified with certain gainued and then
given as input values to the actuation system.sewend type
of robot control laws is formed by the adaptive tcoh[14-
20], in which the control law modifies its paramste
according to the robot and environment dynamics aad to
compensate the outside perturbations. The thirstralolaw
type is represented by the iterative control lawsvhich the
motors torque is computed by summing in a certaay the
previous torques [21 - 23]. Other methods of cdntrolude

Sliding Motion Control, Switching Control, Robusbftrol,
etc.

All these types of control mentioned, are very gdod
certain applications. This is why, if we can't éibh application
to a certain category for which, there are effitieontrol laws
already made, then we need to design another ¢datvdor
the robot. Another way is to use several contrelslaeach
specialized for a certain task. But this is notgilde unless
you use a switching mechanism between the robotraon
laws. This is why, we need that the switching lasedi in
selecting a different control law specialized foceatain task,
and according to the wish of the designer/engirze®t also
according to different environmental factors givgnsensors
and transducers.

In this paper, we presented a new method for degidow
to switch between several control laws, and in ipalr
between a kinematic control law (a PID controlland a
dynamic control law (a Sliding Motion Control LawJhese
control laws that were used, were thought to bed use
controlling a mobile walking robot, laws that hatke
objective of following as good as possible a givejectory
for the robot foot.

This new switching method, is based on the newnsifie
area called Neutrosophy[7] and more precise ométsvate
Neutrosophic logic. The neutrosophic logic was egoplby
using the classic Dezert-Smarandache[8] theory,alad the
research of Smarandache and Vladareanu[6]. By ma&in



simulation of the conditions encountered by a wajkiobot
foot, in Matlab Simulink, we could observe how gwitching
technique behaves, compared to a classic fuzzyclswg
method.

. Neutrosophic logic and DSMT

The neutrosophic logic is a generalization of fulagic.
In neutrosophic logic a statement is t% true, fd6efaand 1%
indeterminate, and t, f, i are real values takemfthe sets T,
F, I. These three sets can be of any form anduhe=s t+f+i
has no restrictions. Neutrosophic logic is relatedother
logics through the true and false parameters bimtribduces
the percentage of indeterminacy which expresses
percentage of unknown parameters or states [7].

If we choose U to be a universe of discourse, and 8&t
included in U, then an element x from U is notethwespect
to the set M as x(T,I,F) and belongs to M in thdofeing
way:

- X is t% true that it is in the set M

- X is i% indeterminate that it is in the set M (the

value of unknown)
- xIis f% false that it is in the set M
where the value of t varies in T, the value of riesiin |
and the value of f varies in F[8].

A distinctive part of DSmT (Dezert Smarandache Theo
is the notion of hyper-power set. L&tE{0,...06,} be a finite
set of “n” exhaustive elements. Then the DSMT hygmever
set [P is defined as the set of all composite propositibuilt
from elements 0® with the operator8] andn such that [8]:

1. @6y, ...,06,0D°
2. If A BOD®, then AnBO D® and AOBL D°

Within the same se® and with m(: D® - [0,1] we
have:

By using the belief function

Bel (A) = B
(A) 35\ m(B) )
BOD®
associated with two sources (observerg))nand m(.) we
can define the classic DSm rule of combination:

ocob®,m ... (C)=m(C)= A B
m, ) (C)=m(C) A,B%DB (A) i, )(3)
AnB=C
Since ¥ is closed under the set operatatsand n this
Dezert-Smarandache rule of combination guarantesgsn(.)

is a proper belief mass. Meaning thaf(): D® - [0,1]. The

tl"%le of combination described is commutative argbamtive.
|

so one can extend the rule for as many sourcescsred.

m.  Appling the neutrosophic logic

to a walking robot leg control

For the walking robot kinematic structure, one gaagine
any kind of biped or hexapod structure, for it doeaffect the
neutrosophic decision making. Bearing this in miwe, have
simulated the approach of the robot foot to thepsupsurface
through a well thought sine signal. By knowing whéhe
support surface is at, we could say if the robot fe near the
surface, or is in contact with it. According toghdistance we
could compute the contact force between the robot &nd
the contact surface / ground.

Having simulated these two sensors, we have chibhese
two as our two observers for the Neutrosophic cdatmns.
Knowing this, we defined in figure 1, the basic giam of
how the neutrosophic logic is applied. Also we ntedpecify
that the decision will be made between two cortohniques
for the walking robot leg control. These two cohteavs were
chosen to be based on motion control for the foajettory.
One will be based on a dynamic control law andatter will
be based on a kinematic control law. Also, the temtrol

. _ laws were not implemented, but were only used &senting
m(0):0 and A[Z,:De m(A)=1 ) the neutrosophic decision.
where m(A) is called the generalized basic belief
assignment or mass (gbba) of A[8].

Source 1

(observer1) —» - _ Decision
Neutrosophication - Classic Dsm > Kk

Source 2 |—» g

(observer2)

Fig. 1 Neutrosophic logic applied for two observers

As one can see, the first part of the neutrosodragram
is formed from the two observers which we have ehaass the
Proximity and Force sensors. After that, there istage of

Neutrosophication in which the sensors values are/erted
as in fuzzy logic, into values from the interva)lp

For the neutrosophication stage, we have to beanima
that the neutrosophic logic has functions that waeitk values



of Truth, Indeterminacy and Falsity. Because os,thire’ll
have similar to a fuzzification graph, three signaf Low,
Medium and High areas,
percentages of Truth, Indeterminacy and Falsitpating to a
specific statement for each sensor.

For the proximity sensor, we have the member foncii
figure 2, in which one can see the three Low, Mediand
High values. These three values correspond to ¢heeptage
values of truth, indeterminacy/unknown and falsity the
dynamic and kinematic control in the following maniitable
1).

TABLE I. NEUTROSPHICATION CORRESPONDENCE OF FUZZY VALUES
FOR THE PROXIMITY SENSOR

Control Low Medium High

type

Dynamic | Truth Indeterminacy/unknov| Falsity

Control percentage percentage percentage

Kinematic| Falsity Indeterminacy/unknovi Truth

Control percentage percentage percentage

transducer should
threshold.

which are attributed to the

Dynamic
Control

] Control

Force
Sensor

-AFm -AFF
threshold

+AF +AFm

Fig. 3 Neutrosophication for the Force sensor data

Knowing these facts we developed the neutrosophic

switching block control based on the theory presgrib this
paper, and its results are discussed in the neagiteh Also,
we used a classic fuzzy control so we can comperedsults

For the force sensor diagram, we'll have a slightlygptained to a very common and known switching desig

different correspondence (table 2):

TABLE II. NEUTROSPHICATION CORRESPONDENCE OF FUZZY VALUES
FOR THE FORCE SENSOR

Control Low Medium High
type
Dynamic | Falsity Indeterminacy/unknov| Truth
Control percentage percentage percentage
Kinematic | Truth Indeterminacy/unknov| Falsity
Control percentage percentage percentage

v. Results and Conclusion

To prove the validity of our proposed switchingheitjue
we developed a simulated system in Matlab Simuliink,
which we built two loops one for the Neutrosoplogit and
one for the Fuzzy logic so we can compare the t®sthus,
figure 4 presents the switching system.

In the presented diagram of figure 4, one can iflettie
block that defines the reference values, made btheorobot
vertical position, its foot position according tbet distance

For these two member functions, one can see that iBetween the robot platform and foot, and the théférence

figures 2 and 3 we have a threshold for the sematues
according to which, the values of the neutrosoplunaare
directly influenced. This threshold is chosen adoay to the
application in which the neutrosophication logiaged and is
also adjusted by trial and error after seeing tkgeemental
data.

Kinematic
Control

Dynamic
Control

o|

Proximity

-AY -AX X
Sensor

+AX
threshold

+AY

Fig.2 Neutrosophication for the Proximity sensaada

Therefore, when the robot foot is in contact withupport
surface, it means that the proximity sensor withyide a 0
value or one very close to it, and it also meas the force

signal is the one that defines the ground posifidre second
diagram bloc, named Sensors computes the refedeiaeand
provides to the decision making block the valuefoofe and
proximity which in a real system would be providey two

real sensors.

By using the sensor data, we have defined two kimidc
blocks. The first one is called Neutrosophic DexisControl
and was made using the data presented in this paperthe
second one, is called Fuzzy Decision Control and made
using a simple fuzzy rule which was not presentechbse is
not this paper objective, but was used to compheefinal
results. The output data was plotted to observe lilosv
switching system behaves.

Figure 5, presents two of the reference signale flist
one defines the sine signal for the foot vertiaaipon and the
second the ground position which was made to ldod &
descending stair. The third signal that defines thbot
position was not presented due to the fact thagi taken of
value 0. Thus, one can observe that the foot nefer@osition
does not stop at the ground level, so that we campate the
force parameter due to the negative value of thoximity
computed sensor. This was done only for the retspnesent
different cases that the robot can encounter.

provide a value higher than teé s
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Fig. 4 The simulated switching system

After the simulation was done, the output data joled by
the simulated sensors is shown in figure 6, the twop
diagrams. These signals are for proximity data daine
computed force. The third diagram of figure 6 présethe
switching data provided by the neutrosophic andzjuz
decision blocks. The full line represents the nesdgphic
decision and the dashed line the fuzzy decisiorsoAthe
decision to choose the kinematic control law is mvithe
output value of the switching law is equal to 1@ dar the
dynamic control law we have chosen the 0 valueoiethe
neutrosophic decision is made, we had to compuefdbr
parameters on which the neutrosophic switching asel.
These parameters are presented in figure 7.

Foot Vertical Position

One can observe that the value of the indeterminacy
parameter is always 0 because the values provigethd
sensors do not make our system to be in an unkistate.

One can see how the value of truthiness, indetecyin
falsity and contradiction varies according to thalues of
proximity and force sensors. Also, we have to poiat that
these values correspond to the level of truthiness,
indeterminacy and falsity for choosing the dynarmantrol
law, and the kinematic control law is chosen whée t
dynamic one fails to be selected.

| o

Ground Positioq

Time (s) <

Time offset: 0

Fig. 5 The reference signals for the robot foot graiind
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Fig. 6 The output data from sensors and the switcHecisions

After the neutrosophication phase, in which we coteg
the truthiness, indeterminacy, falsity and conttdn
parameters, we have applied the classic Neutrosoph
decision, described in this paper. After that, ve@ehchosen
the control law, by simply comparing the results tbe
truthiness, indeterminacy, falsity and contradictmmrameters
to each other, and obtained the first diagram ffigore 8.

Truth
s\ Probability ; j
el A\ N B [\
Unceftainty ‘ ‘
4 Probability ' : ‘
‘ Fa]s:ity ‘ ‘
Probability 1
o | L =] L
. Contradiction
s[4\ Probability - : :
i\ \Wl Wi Wi

O Em

Time (s)
Fig. 7 Parameters after neutrosophication (Trussndeterminacy,
Falsity and Contradiction)

Time ofset: 0

The second diagram of figure 8, shows the outpuhef
fuzzy switching block in which the decision was raadlith
the help of a threshold value of 0,5for the fuzzfion values.

As one can see from figure 8, the neutrosophic base

switching law has commuted from the kinematic colinkaw
to the dynamic control law when the robot foot wesr and
then in contact with the support surface.

Neutrosophic Decision
- :

Kinematic Control

Dynamic Control

| ‘
Fuzzy Decision
‘ \

Kinematic Control

Dynamic Control

L L
1 E 2

Time (s)

Fig. 8 Output data of the two switching techniques

Time ofset: 0

After the contact has ended, the control law hasnbe
switched back from the dynamic control law to tleeknatic
control law. This was done at every step of thgst8ut, in
comparison, the fuzzy based switching law did redtdve like
we wanted because it failed to switch to a dynasuoittrol law
for the first 3 steps, and after that, at the #asteps the robot
has taken, it commuted the control laws too lategefficient.

The main conclusion that can be drawn is that the
neutrosophic technique behaves really well in déffe
conditions of uncertainties, that can occur durihg robot
motion, due to the errors form the sensors or umgyreund
surface in the case of the force sensor.

Further work will focus on implementing this switn
technique on a simulation of a walking robot in gthone will
be able to see how the switching in influencing i&tion of
the walking robot. And after that, the second stélp be to
implement it on a real robot.
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