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Abstract. This article discusses the basic science to be considered as
the background for a speculative technology of gravitational propulsion.
Generalized functions are applied to the formalism of general relativity
to introduce finite dynamic intervals of spacetime to be warped by accel-
eration solitons, the latter being interpreted as causing geodesic bends
in the spacetime continuum.

Key words: soliton, propultion, gravitational tail, warp-drive spacetime,
spacetime interval.

Dieser Artikel beschreibt die Grundlagenforschung, die als Hintergrund
einer spekulativen Technologie des Gravitationsantriebs betrachtet
werden soll. Verallgemeinerte Funktionen werden auf den Formalismus
der allgemeinen Relativitdtstheorie angewendet, um die richtigen
Absténde als dynamische Raumzeitintervalle zu definieren. Einsame
Beschleunigungswellen werden so interpretiert, dass sie die geodéatischen
Abweichungen im Raumzeitkontinuum verursachen.

Schliisselwérter: Soliton, Antrieb, Gravitationsschwanz, Warp-Drive-
Raumzeit, Raumzeitintervall.

Prolog

Physicists (those who do physics, not just teach physics) are usually quite cre-
ative. However, judging by the ever-present disagreement as to the interpretation
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2 Serpa

of quantum mechanics, and, given the fact that the outcomes of quantum ex-
periments agree extraordinarily with theory, whatever interpretation is given to
those outcomes — especially after the irrefutable result of the violation of Bell’s
inequalities shown by Aspect and his team in the early 1980s —, most physicists
repress the contribution of philosophy to understanding reality underlying the
experiment. From the point of view of full science practice, I think this is largely
unsatisfactory. Here, it is not a question of returning to the old realism along the
lines of the discussion between Einstein and Bohr; yes, there must be a realistic
model that expresses new relationships between objects in the physical world,
a model that allows an objective interpretation, whether stochastic or not, but
independent of the subject and the measuring apparatus (not least because there
are no variables of the subject in quantum mechanics equations!). Furthermore,
mental conditioning to the constructs derived from the first intuition of classi-
cal physics and our general perception of the world invariably lead to language
problems that, in turn, lead to confused ideas in quantum mechanics.

The inescapable force of geometry on constructive thinking has become so
remarkable since immemorial time that it deserved a philosophical exhortation
from Pascal:

"Geometry |[...] explained the art of discovering unknown truths; it is what it
calls "analysis’, and it would be useless to talk about it, after so many excellent
works that have been produced"[1]. (author’s free translation).

That force undoubtedly characterizes our ways of successfully represent-
ing the most immediate reality, at least with regard to survival and exploratory
interaction with the world, but it also imprisons us in a thought mold that is
difficult to break. In a recent work, I tried to show that, although we create
representations inserted in a Euclidean world, nothing prevents other types of
relationships being established between objects in domains that are distant from
intuition. Quantum entanglement can be an example of fact to be treated under
somewhat different spacetime relations. It is not difficult for me to imagine a
transformation of symmetry between space and time in such a way that the
three spatial coordinates are converted into three time coordinates and the
time coordinate is converted into spatial coordinate, configuring new relations
in which two entangled particles interact with free transit of information over
time (the three time dimensions: past, present and future) along a restricted
one-dimensional space connection like an umbilical cord [11].

At the other extreme of reality, space, time and gravity are one and the same
thing. In the future, if we are still here and if humanity is freed from its current
meanness, when thinking about interstellar travel, we shall need to consider an
effective form of space navigation in which spacetime itself propels the vehicle,
and not conventional explosions or giant solar sails. In other words, it is no longer
a matter of reproducing the concept of daily transport with vessels following
point-by-point along a trajectory traced in a void merely receptive to the passage
of errant objects. Spaceships shall have to be designed as part of spacetime itself
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Gravitational Driving 3

and not as something external to it. If the technology for such an achievement
shall be attainable, only time can tell us. As for me, I prefer to think like Goethe:

The infinite cannot be said to have parts. All limited existences are in it, not
as parts of it, but as infinity participants (free author’s translation)[2].

Meanwhile, to go further, it is necessary to break old paradigms, albeit
at first conjecturally. This will only be possible through the day-to-day ap-
plication of philosophy to physicist’s work. That is the spirit of this article.

—e—

Introduction

Space travel is one of the most challenging topics for contemporary science. Even
with all investments to conceive innovative and sophisticated projects, a physical
and intellectual barrier is placed before us: on the one hand, our technology
remains fundamentally ballistic, that is, based on projectiles propelled by ignition
on conventional fuels; on the other hand, we are stuck with the idea that we
must navigate in space, replicating our earthly reality. In a way, the first barrier
is conditioned by the second, because the mental model of human transport
presupposes a displacement in space through an impulse. However, this may not
be the only way to understand the transport of matter across the heavens.

Although it is not my goal to speculate on possible interstellar transport
technologies, it is worth remembering just one milestone for its innovative theo-
retical content. I refer to the Alcubierre propulsion model. Basically, the Mexican
theoretical physicist Miguel Alcubierre inverted the logic of calculation by using
Einstein’s equations to determine what type of star would compress space in one
direction, expanding it in the opposite direction[4]. Obtaining a relatively simple
solution, Alcubierre’s propulsion, as it became known, would occur according to
a spherical "warp bubble" (containing the starship), hollow of matter and energy,
disconnected from outer spacetime, compressing it ahead and expanding it back.

The Alcubierre propulsion model is obtained from a classical-relativistic so-
lution given by an asymptotically-flat warp-drive spacetime metric describing
the spherical warp bubble, say

ds? = —2dt? + (dz — f(rs)vedt)? + dy? + d22, (1)

with a shape function f(rs) that defines the size and profile of the warp bubble,

and where ry = \/(x — vgt)? + 32 + 22. What emerges from this model is that
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4 Serpa

it actually enables timelike observers to travel at superluminal speeds, albeit at
the cost of some fictional material with negative rest-mass energy. The bubble
moves along the z-axis with an arbitrary velocity v, (larger or smaller than the
speed of light c).

! Y v,
C?'f.( r C?
f{{z{ '
M,
Vs
X
: N
o M

Fig.1: A representation of the warp-drive spacetime.

Given the above, covering the existing warp-drive spacetimes, we have the gen-
eral definition of an asymptotically flat vacuum background M,,; enclosing a
compact curved manifold with spherical topology (the warping zone M.,qp)
that in its turn carries the traveler region embedded in as an enveloped flat
extended compact manifold M;, endowed of a trivial topology. In Figure 1 it
is considered a warp-drive spacetime scheme with axisymmetric front and rear
parts along the direction of motion. The remote comoving observer Oyt com is
moving away with constant three-velocity v, relative to the timelike observer
Oout, supposed at rest. This three-velocity represents the velocity of the warped
region relative to the remote observer O,,;, and may be slower, equal or faster
than light speed with respect to the observer, a fact that, according to Bo-
brick and Martire (2021), corresponds to four-velocity of the comoving observer
Oout,com characterized as timelike, null or spacelike. For all practical purposes,
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Gravitational Driving 5

the warp- drive spacetime is like a warped shell filled by exotic or ordinary
matter that moves with constant velocity in relation to an external timelike ob-
server. In principle, the inner compact manifold is modified by the presence of
the shell, which leads to differences in times and lengths measured for the inner
observer and some commoving remote observer. In short, as pointed out by Bo-
brick and Martire (2021), "general warp-drive spacetimes]...|form a continuous
family which includes both trivial (flat or nearly-flat) and non-trivial (strongly
curved) spacetimes'[5].

The standard tools applied to general warp-drives allow us to provide
coordinate-invariant measures for the total energy, say

E = (=9%) TV =gz}, (2)
Mauyarp
where (fgoo) 1700 i the energy density. Recent proposals, variants of the orig-
inal Alcubierre model — which is in fact a particular element of a wide set of
warp-drive solutions with negative energy densities — suggest the plausibility of
warp-drives without the need for the extreme properties of the Alcubierre met-
ric, say the negative energy density and correlated tremendous energy demands,
provided that the starship is built with a material of exceedingly high density[5]
(so high that, of course, it is out of reach for the known science). Also, still from
the seminal works of Alcubierre, Lentz demonstrated the existence of superlu-
minal solitons in general relativity, considering positive-energy geometries with
energy and momentum conditions conforming to a plasma without net momen-
tum flux[6]. These solitons would contain a central region with minimal tidal
forces in such way that Eulerian observers inside this region would remain sta-
tionary in relation to the soliton. As-expected, positive-energy solitons appear
to require the same energy order of magnitude as the original Alcubierre soliton,
such as By &~ (few) x 107 Mg, /c for a soliton of moderate dimensions (radius
R = 100m and shell thickness w = 1m)[6].
In spite of all the difficulties involved in these conceptions, they make clear
the radical turn that we need to consider in order to advance on the subject .

—e—

I have devoted much of my scientific disposition to gravity. But as a theoretical
physicist and astronomer with technological interests, I have always imagined
how the theory could benefit us if we decided to definitely go to the stars (in
fact, although it seems the opposite, we are not yet seriously engaged in this;
we are busy with trifles, petroleum and how it will be the next cell). Certainly,
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we would have to think differently, conceiving a new way of navigating space,
taking advantage of gravity, perhaps. I spent a lot of time thinking about it
freely, playing with ideas, some naive, others very serious, until at last I decided
to tackle the topic from the simplest things. In particular, two very distinct and
very distant images sparked interesting insights during my most recent years of
work: one came from the beginnings of quantum mechanics, the old guide-wave
model of De Broglie, and the other from the vision of my son, Tane Kanope,
surfing on the beaches of Rio de Janeiro. In fact, the general idea is very sim-
ple. Navigating gravity means making it accelerate matter. Thus, a material
object could, so to speak, "surf" a gravitational warp of a very special type, a
finite-energy classical stable solution of conservative non-linear differential field
equations in a 4-dimensional space, an acceleration soliton. As in De Broglie’s
guide-wave, where the particle is guided by the wave crest, the material object
is "piloted" by the soliton.

The question connected with such insights is the following: since space, time
and gravitation are facets of a unique and indissoluble reality, and, assuming it
is possible to develop a technology of gravitational propulsion, what would the
geodesics of spacetime look like deformed by the gravitational warp? The answer
to this question inevitably leads to the consideration that, in such conditions of
movement, matter does not transfer ipsis litteris through the common space but
through gravity.

A way of conceiving gravitational propulsion would be to create a queer ac-
celeration wave — a soliton — in the spacetime woof. To create artificially such
a soliton we could think of a powerful eletromagnetic field capable of bending
geodesic lines according to the shape of the soliton. The material object coupled
to the wave must "surf" it following the deformation caused in the geodesics. I do
not ignore the difficulties of such an achievement, if possible, starting with the
enormous amount of energy needed to create such a deformation in spacetime!.
To bending the geodesics of spacetime to the point of producing a soliton of
the required magnitude is completely out of question in our current technolog-
ical stage, though we could do some speculations in the direction indicated by
Fiizfa[3]. In addition, a hypothetical starship itself, built in space with the sup-
port of a space station, would have to generate such a field, an unthinkable thing
in terms of the existing engineering and energy sources (alternatively, an exter-
nal device could generate such a field, but there would be the inconvenience of
a one-way tour). However, as I said, my aim is not to speculate about the tech-
nology that could eventually perform this task, nor to consider space vehicles
and all the difficulties involved in a project like this. I just want to imagine what
those deformed geodesics would be like, simply establishing a consistent set of
basic conjectures ("educated guesses" in the words of Thorne[7]) .

! According to the equivalence principle, we may generate a gravitational field when gener-
ating an electromagnetic field, although the former is very weak compared to the second,
so that to make large spacetime deformations it would be needed extremely large electro-
magnetic fields.
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Gravitational Driving 7

Solitons are non-dissipative objects. They are not exactly oscillations, since
these translation waves are solitary "elevations" without corresponding posterior
"cavities". As solutions of non-linear equations, solitons propagate along partic-
ular directions without changing shape (Figure 2). The non-linearity responsible
for the instability of the oscillations is compensated by the interaction with the
environment. In the case of a gravitational acceleration soliton, the interaction
with the field itself warrants its stability. In any case, non-linearity tends to make
the oscillation profile appear more abrupt in the front and slightly softer in the
rear, a phenomenon commonly known as "shock wave".

20
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-20

-20 -10 0] 10

X

Fig.2: Interaction between two solitons.

Curiously, the idea of starships guided by solitons has already been the sub-
ject of science fiction [8], however, in a superficial way since solitons do not lose
energy causing emission of a large amount of radio interference. Of course, on a
short time scale, energy dissipation can be disregarded but, on large scales, small
energy losses must be taken into account, so that the amplitude of the soliton
shall gradually decline, fading at the end. Thus, the usability of the concept
shall depend on the intensity of the phenomenon associated with the distance
to be overcome in order to control the disastrous effects that could occur from
the impact of the soliton on celestial objects. Furthermore, the expected speeds
are significant compared to the current ballistics 15 km per second, but I would
be moderate in imagining at first speeds not so dizzyingly close to that of light.

But there is another important aspect ignored by science fiction, which is
the natural basis for the applicability of acceleration waves. As in all conjectural
work, at least some more universal fundament is needed to support the conjec-
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ture in its initial moments, when it is expected that it can survive the tests of
logical consistency and plausibility, insofar as it is known that there is much to
be clarified about the world. However, caution is needed. In cosmology, for ex-
ample, despite the incredible progress of the past 30 years, it is still common to
conjecture from a broader conjecture. It is often just what we can do; the prob-
lem is how to do it without giving up the physical nexus (not necessarily causal)
between both. What I really mean is that the universal fundament I mentioned
is the hypothesis of the existence of a conserved acceleration as a remaining "tail"
effect from the paleo-gravitational field (the universe as an accelerator since its
early stages). In a way, my approach is related to Mach’s Principle, according
to which the inertial field stems from the entire mass of the universe. For, if
gravity and inertia are sides of the same phenomenon, therefore having their
origins in mass, and, since we have enough evidence to believe that gravitational
manifestations are directly associated with local sources, we can assume that the
predominance of inertia at great distances from the local masses can only come
from the global mass of the universe, since it would be unacceptable to assume
a force that increases with the distance from the local source. Therefore, one
can imagine an accelerating universe, since the mass of a body depends on its
acceleration in relation to the inertial system (non-local) determined by the rest
of the universe.

What follows is conceptually related to the cosmic acceleration induced by
the matter of the universe and the propagation of its effects through non-linear
deformations in the surroundings of expressive sources of gravitational radiation.
Considered the tail effect in the interpretive line mentioned by Bondi [9], the
diffusion of those delayed perturbations seems to behave like solitons.

1 Classical Lagrangian approach: sine-Gordon and Korteweg
- de Vries equations

Solitons are self-sufficient energy solutions of the equations of motion, acting like
elementary objects (I prefer not to establish a priori analogies with elementary
particles, in order to ensure consistency with my ideas about the elementary
complexion of spacetime[10]). I start with a brief reminder of the most well-
known approaches to solitons, paving the way for the theory I will discuss.

So, let me consider a scalar field ¢ submitted to Lagrangian formalism:

oL 0 (oL g (oL
a1 (25) % (o) =© ©)

L;Kg‘f)Q(g‘j)Q] —m? (1 - cos ). (4)

Substituting Lagrangian density in the former differential equation, we gain the
so-called sine-Gordon equation
P9 0%

w_@+m2sin¢:0, (5)

with
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perhaps the most popular equation with a non-linear solitary wave solution. For
the system at the lowest energy level (static solution), we must write —¢” +
m?sin¢ = 0.

<>

Now, a linear dispersive one-dimensional perturbation propagating along the
x-axis would satisfy the equation

¢ >Po
ot t o8 or3

Contrarily, under fi-linear regime, neglecting the dispersion term 93¢/d22, prop-
agation would be governed by

0 0

20 00

ot Ox
Thus, a perturbation in which dispersivity is balanced by n-linearity would re-
quire the presence of both expressions in the equation of motion, something

like 5
99 0¢  0°¢
Bty + o
Equation (6) is the well known Korteweg - de Vries equation. Going through the
assumption

=0.

= 0. (6)

=2 —wt=2=E+ wt,

we deduce
ot = 0¢;
t=@E - w =0t =—w 1o
9 _ _,9.
ot o€’
9 _9
oi  0¢
Note that & is the generalized coordinate with speed dimension, and w is the
acceleration. Since 9t = —w~10¢, we can return to equation (6) and write
8¢ 3¢
— + —=0.

-
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10 Serpa

Direct integration furnishes

62(25 B ¢2

Multiplying by 9¢/0¢E,

09909 _ 99 ¢ 09

— T wo— — ——L

0¢ 0¢ O o0& 2 o¢’
and so 96 90 )
Ge05¢ = wodo — Too

Integrating once more,

(‘%)2 - ™

Since hyperbolic second-order partial differential equations encompass wave-like
solutions, a perfunctory mathematical analysis allows us to distinguish two diffu-
sion possibilities, namely, 1) all the perturbation travels at once at a given speed
and 2) a part of the perturbation is left behind forming a "tail". For the case
of the transmission of "gravitational information" associated with loss of mass,
Bondi and colleagues were interested in knowing whether gravitational waves
obeyed Huygens’ principle, or whether tails were produced (in fact, these tails
can be obtained from additive terms to the wave equation, or considering the
propagating wave in a space of even number of spatial dimensions)[9]. A note-
worthy aspect of this investigation was the admission by Bondi that many of
the strange features which appeared throughout the work were due more to the
method chosen than to the equations themselves (he applied the same treatment
to the gravitational wave problem as to the equation of the ordinary scalar wave,
recognizing that it was not the simplest way, but the most promising for the case
of gravitational waves)[9]. From a heuristic argument on the class of solutions
of the wave equation, in particular the class of outward travelling waves, it was
possible to generate expressions that tend to zero, which might, in non-linear
case, represent tails.

Based on the explanations above, gravitational waves seem to produce tails,
that is, parts which fall behind the rest and propagate below the speed of light.
Suppose that one of these retarded effects is a specific type of solitary wave, a
soliton; as such, it must preserve its shape for a long time, even after a scat-
tering process, until the balance between nonlinearity and dispersivity finally
disappears. So, let us assume there is a soliton as a gravitational tail effect rem-
iniscent of the Big-Bang, initially propagating with a speed very close but not
equal to ¢. Due to the native n-linearity of the early days of the Universe, as-
suming its age around 4.42 x 10'7s, and adopting an anisotropic view of the
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Gravitational Driving 11

cosmic acceleration, we would say that now, since in principle there are no ves-
tiges of such a soliton in the vicinity of the Via-Lactea, £ = & — wt ~ 0, while
0¢/0¢ is fading. Since the gravitational tail is a retarded effect, it can be imag-
ined that differences in the acceleration amplitude over cosmological time would
be responsible in part for the differences in acceleration in different regions of
the Universe, as the solitary acceleration wave would affect the expansion rate
locally.

The problem with this approach is that we once again put ourselves in a
privileged position; after all, why would the amplitude of the soliton be zero
exactly "here", in Via-Lactea? I do not intend to open this discussion, which
should invariably lead to a debate around the anthropic principle. For all prac-
tical purposes, in the neighborhood of Via-Lactea, with £ ~ 0 and 9¢/9¢ =~ 0,

equation 7 is reduced to
3

OZT,UQSZ—?,

where either ¢ = 0 or ¢ = 3w.

2 Spacetime intervals

From my previous research [10], there are two basic premises for what will fol-
low: the understanding that 1) is the spacetime itself which moves as long as it
expands and 2) gravitational attraction between bodies tends to squeeze or com-
press them as they pull one another toward their center points, which leads to a
compression or a squeezing of the spacetime contained between them; a geodesic
interval is precisely an element of spacetime under compression or squeezing. An
acceleration soliton will necessarily occur in these circumstances, regardless of
the intensity of the compression or squeezing.

In my approach, the expression of the invariant commoving element in gen-
eralized functions is

ds® = Guwd (T —ep) d(Ty —€0) (8)

where €, and ¢, are fixed distances from a point on the spherical boundary of a
gravitational manifold called the G-closure. Putting d(z, —¢,)d(z, —¢€,) =
d{z — ), d(z —¢), and applying the variational principle on the commoving
element, we get

N _ o 2 dle—e B gud(z —¢), dz—¢),
5/,4 ds = 5/A \/guyd< ), >V6/A \/gw,d(x —¢),d(z —¢),

B d{x —¢) d{x —¢€)
_ 123 v
= 5/,4 v = 7 ds. (9)

Some manipulations and substitutions lead easily to the first form of the
geodesics equation in generalized functions,

ag;u/ d<x75>u d<$—€>y 2d ( d<$€>u)
- Juk——

—0. (10)

Hx—¢), ds ds ds ds
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where the (z —¢) ; are compression or squeezing intervals under the rules of
Macaulay brakets. One must realize that this formulation in generalized func-
tions aims to focus spacetime intervals, not particles. The introduction of these
intervals has the advantage that we can understand spacetime as a geodesic woof
in which the arc elements are constantly expanding, or subject to stretching or
constriction caused by very massive objects.

3 Weak effects from gravitational waves

To generalize the idea discussed in the previous paragraph, I will consider a small
perturbation in the spacetime metric, say

uv = Nuv + hp,]/y ‘hu,yl < 1. (11)

As the targets of the theory are not particles but spacetime intervals, the rel-
evant object to observe the effect of the wave is the spacetime interval itself.
Considering the linear regime in the transverse-traceless gauge (T'T), we may
write
T _  pvpTT _
W =pnlT = 0. (12)

For a time-like vector t%,
hop =t*hlr =o0. (13)

Taking into account the freedom of choice of the gauge?, it is possible to ver-
ify that the TT components of the perturbation are in fact the only ones to
satisfy a wave equation in any coordinate system. Therefore, the radiative de-
grees of freedom of spacetime are represented only by the 7T components of the
perturbation.

In the absence of a gravitational wave, the spacetime interval is simply

Lo = / (w—e)dr=(x—¢),. (14)

The passing of a wave determines that

L:/(33—5>2\/gzd:10:(x—5>#\/l+h£$(t,z:0). (15)

Note that the constant of integration is automatically absorbed since it is in-
cluded in the process, so that, at x = ¢, the result will be 0.

4 Warped geodesics

The theoretical basis of the explanation below is well known. Going through
the reasoning mentioned above in Section 2, it is now interesting to remember

2 The gauge transformation does not invalidate the linear regime, since it only redefines
the perturbation that remains small.
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Gravitational Driving 13

the customary approach, considering a static metric ds? = — 20’2 2
&ij(xt, 22, 23)dz'da? as background for the treatment of null geodesics (ds? = 0).
It is worth remembering that time and space are not distinguishable in a dynamic
spacetime permeating massive objects such as a binary of black-holes. On the
other hand, it is convenient to separate them in a Euclidean manner at the
vicinity of planets, for example, where spacetime is static (or almost static); the
separation 3+ 1 (3 components of space and 1 of time) is only the common way
we organize objects, how we establish their relationships® . This convenience
facilitates the approach of the problem, allowing to consider a geodesic of the
light-type metric in equivalence to a null-geodesic of the stationary spacetime
(static metric)? .
Thus, it is useful to define a light-type metric, say A;;, which leads to

= N\ 73, (16)

with 2 = 2%(s), t = t(s), and A\;; = e 29¢;; (the "tilde" means d/ds, while the
"wide tilde" means 9/0s). Usually it is tried to prove that a geodesic of the light-
type metric, parameterized by the arc length, is equivalent to a null geodesic of
the static metric (e2?7? = &;3'%7), according to the spatial geodesic equations
and the time equation e2?f = F.

In fact, I will take this way, however, with two additional assumptions,
namely:

1. the variable x' are replaced by X! = (x — 5>i;
2. the proposed Lagrangian will include the term "—m? (1 — cos¥)", where ¥ =

f (X9,

In this study, I will take as basis a sine-Gordon model, although there are
others with solitonic properties. In addition, sine-Gordon solitons are especially
interesting in physics, including solitons originating in bosonic sine-Gordon the-
ory, which correspond to fermionic states of the Thirring model. However, as 1
noted earlier, I will not associate solitons with elementary particle states, since
the elementary objects in present theory are tiny intervals of spacetime.

General sine-Gordon models are typified by a simple action expression, such
as

Ssq () = / d"x B (8,8)° + ucos(AP)| .

So, let us take the Lagrangian form
1 dX? dX7
L=—(Nj——— ] —m? (1 —cos?). 17
5 (2 G ) - cos) (1)
3 Nothing prevents us from establishing a 1+ 3 separation (1 component of space and 3 of
time), thus describing new relationships between objects (I used this to describe quantum
entanglement [11]).
4 By the way, we have a static spacetime if it is stationary and admits a family M of
space-type hypersurfaces orthogonal to its Killing field at any point.
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Applying the Euler-Lagrange equation

d (oL oL
at (ax) Taxi (18)
we have or )
dXJ
5 TR (19)
oL 19N;dXidXi ., . D
i T aox @ ar " ek (20)
and so,
d [ dXI\  10MudXidxF B
Pl <>\dt) “ooxi @ ar T nax =0 (21)
But X%(t) = X%(s(t)), so that
. , —~i
dX* 9X'ds X
= — = —. 22
dt Os dt t (22)
Combining the last three expressions we gain
d ([ dXI\ 10N dXddXE N
dt( l]&)‘zm&w*m sind i = 0 (23)

~j ik
d _,,, X 0¢ o) X Xe2 90
di (6 S > ( B AR o tmsintges =0 (24)

The fact that ¢ is parameterized by s, t = t(s), with e2?f = E = constant, allows
to write

oV
_ 2090V o
2 X 72 +m smﬁaxi 0;
(25)

~ i~k ~j—~k
e d (g--ij) L9, X'X e 96 X X e 2
todt \Y oxXi~I*

~d ~J 0 ~i ., 00
b (fij X ) +toaoxidin X X = +m*Pe* sind—_— =0. (26)
With the arc length parameterization, we have
| gXPaX?
Yodt odt
X ax
Yodt dt
624)2?2 = gij’ili],

e? =

which allows writing

~j~k
d e 0¢ 2072 8§]k X X 27 . oY .
s (&g X ) + BXie t X 9 + m*tFE sin 19@ =0. (27)
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This expression is the Euler-Lagrange modified sine-Gordon type equation
of the geodesic line referring to the metric ds? = —e20X X*X%) g2 4
&ij (X', X2 X%)dX'dX’, in which an arbitrary interval subject to expansion or
contraction is warped by a soliton; the corresponding Lagrangian density is

1 ~i~—7 -
£=3 (_624’52 +&; X XJ) — m2fE (1 — cos ) (28)

d { oL oL

— |\ == |~ - =0, (29)

ds a ){Z 6XZ
and the arbitrary constant E matches the freedom of the null geodesics affine
parameter, being interpreted as the expansion energy contained in the world-
line intervals defined at Section 2. In the spatial infinity, admitting that field

¢ becomes asymptotically constant, lim,_, ., ¢ = const., or that it is cancelled,
assuming the limit of small ¥ we gain

for

By,
oxX?

—G—Fk
d /. ~i\ 06 X X 891 .-
(g X)) = 2 29tE— — —93E
ds<§f ) oxXt 2 ot X’ 61“

with remaining terms O (195) and higher. For 9 = BX?,

+..=0,

— ik
d (. ~i _%ijJX s (o2 Lo iy 2 _
(& X) ey TP (m? = (X)) =0,

and the action is cast in the form

Susc (X') = / d*z [; (—e%? +Ey X 7('“) —m*tE (1 — cos BXi)} . (30)

However, one can think of a more coarse approximation for a very small theta,
nearly vanishing the term in sin ¢, say

d [, 9X7\ _ 10g; ox) ox*
ds \* 9s | 20X 0s s’

0 (o X7\ 10g OX7 0X*
ds \"ds ) 29X 0s Os’
o (e, XY _ 106 0X7 9XF )
Yds )] 28Xt 0s Os
dx? 10, 0X7
o &i— | === ——0oX".
<£j ds ) 29X Os
We can integrate this approximation and obtain an expression for the spatial
metric from a new parameterization. So, by direct partial integration, we have

X XE 90X
ds a 2§ij axz os
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XF og
26 OX'

2}3} X",

bl

0 =

Observing the set of indexes and integrating once more, we write the spatial
metric as )

XZ

fjk = 2&ij?~

Yet, this result has the disadvantage of not containing internal energy E as an
impacting factor in the metric relation (in a quantum approach of spacetime, it
would be reasonable to imagine that the expansion energy of the geodesic arc
interval would play a significant role in this relation). This can be easily solved
by resuming equation (27) and repeating the last calculation sequence in the
same order, however, previously dividing the entire expression by F, so that

~j~k
0p - 0& X X 95 . o 00
X Bt — X 9 +m tEsmﬁW = 0;

L)

~j~k
1d/ i\ 06-. 0 X X e . OO
— 2 (& X i b & & ~Z7 _:
B ds (5” )‘Lath axi g Tmibsinvger =0;
EXF g,
26, OX1
, 26; XF
— B Xk

gjk

<>

Note that the time variable ¢ is related to the intervals of the spatial met-
ric &;; (Xl, X2, X3) considering equation (16). The representation by singularity
functions brings, as I suggested earlier, advantages to the understanding, starting
with the configuration of real and finite spacetime sections that can be treated
as the elementary constituents of the cosmic woof [12] (each spacetime cell —
very small, however, finite — can be observed under the passage of a soliton; the
energy is then transferred to the cells along the worldlines, which could cause lo-
cal variations in the rate of expansion of the universe). Furthermore, it becomes
possible to determine some topological relationships of interest for the physical
interpretation of the formalism[12].
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Certainly, the model expresses a more complex non-linear configuration, pre-
senting greater difficulty in obtaining its soliton-type solutions (in fact, the name
soliton is now used in a generalized way, even if the corresponding equation is
not integrable in the mathematical sense).

5 Enhancing the quantum view of spacetime

Some physicists seem determined to eliminate time from physics. I can think
of some reasons for this, but I believe that the main one is the natural human
difficulty to get rid of the only type of spacetime relationship that we actually
experience, namely, that of common sense. The goal of eliminating time won
its advocates, no matter how strange the ideas discussed, or which bring more
problems than solutions. Personally, I am skeptical about achieving success with
a complete and unified model that is time-free and considers a multiverse; not
because of personal preference, but because I still believe in a single universe
governed by few general principles and understandable by a relatively simple
theory based on a relativistic regime in that the speed of light is held fixed.

If not, let us see a brief argumentation. We can classify the laws of the
universe into "ontological laws" — that is, which concern the essence of the
phenomena and start from the first principles that are supposed to regulate
a single universe (ours) from its origins —, and "methodological laws", which
govern experiments carried out at observable scales. It is obviously assumed
that the latter are unequivocally connected to the former, otherwise ontological
laws would have no relation to the observable world. This is why theories like
that of strings are not very productive in this way, since they open a wide range
of possible methodological laws: not establishing the first principles translated
into initial conditions of the universe, string theory, despite its great beauty, is
not able to indicate to us which of its countless solutions (representations of
methodological laws) is the one that applies to our universe, giving rise to an
infinite number of parallel universes. Under these conditions, we cannot even
make unambiguous predictions about anything that is observable in our own
universe! I do not consider this a satisfactory alternative, but I hope that string
theory, or another equivalent, can shed light on this issue in the near future.

I understand that a creative imagination is essential for physicists, otherwise
we wouldn’t be able to do physics. However, not everything imagined corresponds
to reality. We have lived for some time with the expectation of a satisfactory
quantum theory of gravity. For my part, at the moment I prefer to imagine a
quantum of spacetime thought in terms of general relativity in an expanding
four-dimensional continuum. It is a perfectly fitting hypothesis based on a few
principles. I also believe that in four dimensions it is possible to describe the
universe as long as we are open to thinking about new four-dimensional rela-
tionships between objects. Furthermore, I believe that time is not only real but
is the very reason for creation, and that space and time interchange roles in
very particular situations. I think that in this line of reasoning it is possible to
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establish a quantization model consistent with general relativity, since what we
mean by gravitational field does not carry the same meaning as other fields.

So, if we assume the universe is expanding, we must assume that its elemen-
tary constituents are expanding[10]; in a first glimpse of spacetime quantization,
we must apply the principle of uncertainty over the product of the interval (sim-
ilar to position) by its rate of variation due to expansion (similar to speed), in
such a way that

AX'AX ~h.
This approach, however, concerns research that is still ongoing and is not part
of the present discussion.

6 Final remarks and conclusion

Ambitious mega-projects have been considered among physicists who venture
to imagine our future as an interstellar species. Kaku, for example, understands
that an anthropic magnetic field around the Martian equator would be possible
in a terraforming process, in order to reproduce the cosmic protection that we
have on Earth [14]. Basically, it would be necessary, according to Kaku, to build
a superconducting network of large magnets surrounding the red planet. It would
undoubtedly be an incredible feat. However, a colossal endeavor like this is far
beyond the technological capacity of the 21st century. But it is in this line of
"educated guesses" that the idea of a solitonic gravitational propulsion is inserted.

The theoretical foundation of mega-projects for generating magnetic fields ca-
pable of significantly bending spacetime lies in well-known physics. The Einstein-
Maxwell equations for the current loop and solenoid relate the electromagnetic
and the gravitational fields by coupling them through the Ricci tensor R, and
the four-current density J* in the system

Rp,y = - 8:4G T‘;Sle/m)
Y, FR = 0"

where TS5™ = e (9P FuaFup — 19uFapF*?) is the Maxwell stress-energy
tensor, and Fy,, = 0,4, — 0,A, is the Faraday electromagnetic field tensor. As
usual, g,,,, is the metric, and A, is the four-vector potential. Therefore, the space-
time woof is curved by the energy of the electromagnetic field in accordance with
general relativity. From this system, taking into account some additional con-
siderations, Fiizfa establishes the dimensionless magneto-gravitational coupling
for the current loop and the solenoid [3], say
loop &G

2
Cy 074#0] )

887G
CISOl = —Z u012n2l2.
c

drawing attention to the fact that it is the square of the total current that sources
the gravitational field (I for the loop and InL for the solenoid)[3]. By numerical
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resolution of geodesic equations in strongly curved spacetimes around loop and
solenoids with extremely large magneto-gravitational coupling, say C; = 10 or
Cr; = 1, Fizfa’s work culminates in an experimental procedure showing that
the effect of generation of artificial gravitational fields with electric currents,
although very weak, could be detected through the induced change in spacetime
geometry, resulting in classical deflexion of light rays by magnetic fields.

As one can see, there is a consistent theoretical basis in evolution and, in
principle, no exotic physics is required. The biggest challenges shall be techno-
logical, given the incredible amounts of energy involved. I believe that in order
to invest heavily in mega-projects of this extent, we shall need nothing less than
constituting a Type II civilization in the Kardashev scale, something that sounds
very distant and unlikely given the uncertain chances of our perpetuation (for
a rigorous analysis of this issue, see reference [15]). Judging by the absence of
vestiges of extraterrestrial life forms technologically capable of interstellar travel,
we have the obligation to at least consider the hypothesis that perhaps nature
"wisely" has imposed insurmountable physical rules so that possible civilizations
never meet, and never take a chance to destroy each other.

—e—

In short, the intent of this article was to show some possible representation
for a geodesic deformed by a-soliton in the spacetime continuum. Such a soliton
would produce a gravitational warp, and would be generated, theoretically, by
a powerful electromagnetic field of anthropic origin. In theory, an object with
mass could be propelled by this soliton at considerable fractions of light speed.
In a broader research program, the next step shall be to deepen the study of
that field and its technical features to generate a significant solitonic warp on the
geodesics, even as to analyze the potential implications of these ideas on more
than forty models of electromagnetism existing today. What is important in the
current stage of knowledge is the discussion of theoretical possibilities that may
support technological efforts in the future, in my view, still far away.
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Abstract: Arkiduct devices are based on electrically-driven Archimedes screws, and can be axle-less because they can function like
the rotor and stator of an electric motor or generator. They can be used for propulsion and liquid delivery, as well as motors and
generators. They are described in reference [1]. This article discusses use of Arkiducts in the propulsion of large marine vessels such
as container ships, cruise liners, and tankers, many of which have displacements of over a hundred thousand tons, and can be as much
as half a million tons [2].

Key-words: Arkiduct devices, large marine vessels, propulsion.

Resumo: Os dispositivos Arkiduct sdo baseados em parafusos de Arquimedes movidos a eletricidade, podendo ser sem eixos porque
sdo capazes de funcionar como rotores e estatores de motores elétricos ou geradores. Podem ser usados para propulsdo e distribuicao
de liquidos, bem como motores e geradores. Eles sdo descritos na referéncia [1]. Este artigo discute o uso de Arkiducts na propulsdo
de grandes embarcagdes maritimas, tais como navios porta-contéineres, navios de cruzeiro e petroleiros, muitos dos quais deslocam
mais de cem mil toneladas, chegando a meio milhdo de toneladas [2].

Palavras-chave: Dispositivos Arkiduct, grandes embarcagdes maritimas, propulsio.
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1 History of the Archimedes Screw

The invention of the water-raising device known as the Archimedes Screw (Figure 1), and in use for more than
2000 years, is traditionally attributed to the Greek engineer and mathematician Archimedes (ca 287-211 BC).
However, recent evidence [3] shows that the screw was in use several hundred years before Archimedes was born,

in the "Hanging Gardens of Babylon", one of the traditional Seven Wonders of the ancient world.

Figure 1 — Archimedes screw used for raising water [3].

The Hanging Gardens are now believed to have been built in the Babylonian capital of Ninevah, close to the
modern city of Mosul in Iraq, by the Assyrian king Sennacherib in around 600 BC. According to reference [4],
Sennacherib’s construction of a new capital at Nineveh was a massive endeavour, and the city and its garden were
supplied with a water management project unparalleled at the time. Sennacherib’s canal system, which was some
50 miles long and as wide as the Panama Canal in some sections, featured advanced sluice gates, aqueducts,

millions of dressed stones, and waterproof cement.

Clay tablets from Nineveh show how the Hanging Gardens were irrigated by archimedes screws pumping

water up into the gardens from these aqueducts (Figure 2).
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Figure 2 — Clay tablet from Ninevah showing Archimedes Screws raising water from aqueducts [4].

The working part of an Archimedes Screw consists of a helical blade, typically with a central axle, and often

enclosed in a tube or trough (Figure 3). When the helical blade is rotated, it pulls in water at one end and expels it
in the other.

Figure 3 — Construction of an Archimedes Screw [1].
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2 Ship propellers and screws

Most modern mechanically-driven ships are driven by propellers or screws which rotate in the water, the screw

mechanism pulling in water from the direction in which the ship is travelling and ejecting it to the rear.

Modern propellers have evolved from earlier screw types with multiple threads. In 1794 a triple-threaded
screw was patented by William Lyttleton [6] (Figure 4). This propeller was designed for mounting in a frame
attached to the ship’s hull. It was to have been driven by manually-operated winches through a system of ropes
and pulleys. A boat fitted with this device was tried in Greenland Dock, London, but a speed of only two miles an

hour was attained.

Figure 4 — Triple-threaded ship screw ship patented in 1794 [6].

Later trials showed better results by reducing the number of threads, and eventually the modern design,
essentially a set of 3 or more parts of threads, called blades, was arrived at. Such propellers are used in a big range
of sizes, from small ones on outboard motors, clamped onto dinghies or inflatables, up to giant ones for driving

huge marine vessels.
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Figure 5 — Nine-metre diameter ship propeller from Hapag-Lloyd container ship [5].

Figure 5 shows one such propeller, fitted to a Hapag-Lloyd owned container vessel. This vessel contains
probably one of the largest ship propellers ever built. The six-bladed propeller is about 9.1 meter in diameter and

weighs 101.5 tons. Its height can be compared to height of a three storey building.

3 Limitations and problems of ship propellers

Conventional propellers have a number of limitations to their efficiency and safety. One of the most important of

these is a phenomenon known as Cavitation.

Cavitation. There is a good explanation of cavitation in Wikipedia [8], from which the following extracts are

drawn:

"Cavitation is a phenomenon in which rapid changes of pressure in a liquid lead to the formation of small vapor-

filled cavities in places where the pressure is relatively low. When subjected to higher pressure, these cavities,
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called "bubbles" or "voids", collapse and can generate a shock wave that is strong very close to the bubble, but

rapidly weakens as it propagates away from the bubble.

Cavitation is a significant cause of wear in some engineering contexts. Collapsing voids that implode near to a
metal surface cause cyclic stress through repeated implosion. This results in surface fatigue of the metal causing a

type of wear also called "cavitation". The most common examples of this kind of wear are to pump impellers.

Since the shock waves formed by collapse of the voids are strong enough to cause significant damage to parts,
cavitation is typically an undesirable phenomenon in machinery. It is very often specifically avoided in the design
of machines such as turbines or propellers, and eliminating cavitation is a major field in the study of fluid

dynamics."

A practical examination of cavitation problems in ship propellers (Figure 6) is available at reference [7], from

which the following summary is extracted.
"There are four effects of cavitation, all of which are detrimental.

Performance suffers because the water can only support a limited suction, dependent upon the conditions. If the
blade suction has a potential magnitude in excess of this limit, then the thrust is thus decreased and the efficiency

falls.

Erosion of the propeller material will occur if the cavities collapse in the proximity of the blade surface. During
collapse considerable pressures can be generated, capable of such intensities that no material can withstand the

attack. Other forms of attack, such as corrosion and electrochemical action, are closely related to erosion.

Noise is produced during cavity collapse which can have considerable nuisance value, particularly in vessels with

accommodation aff.
Vibration can be induced by cavitation due to the unsteady nature of the phenomenon involving large fluctuating

forces. Recent research has indicated that cavitation has considerable influence on propeller induced pressure

Sfluctuations”.
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Figure 6 — Cavitation erosion of a ship propeller [7].

Naturally enough, all types of noise and vibration involve loss of energy, making the ship propulsion process less

efficient.

Safety. There are, unfortunately, many cases of damage or loss of life, both human and marine animal, due to
impact with ship propeller screws. In addition, exposed screws in open water can be easily fouled by floating

debris or underwater structures or materials.

Wake damage. The wakes caused by ship propellers transfer a lot of energy to the environment and can cause
upset to boats floating in the vicinity. In river or canal surroundings, ship wakes can lead to serious erosion of

banks or damage to pier structures.

4 Arkiduct construction

The general form of construction of an Arkiduct is as shown in Figure 7. It consists of two parts. The inner part of
the Arkiduct, the Rotor, will normally be a cylinder containing a fixed Archimedes Screw, so that it rotates as part
of the Rotor. The central axle of the screw can be shrunk down to nothing, so that the screw is a pure helix,

attached to the inner surface of the Rotor.
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Arkiduct Construction

Outer tube (red) is the Inner tube and screw fixed
Stator -- fixed within (blue) is the Rotor.
part of the The Rotor rotates
Arkiduct within the Stator

The parts of the Arkiduct are fitted with magnets and wiring
so that they act like an electric motor

Figure 7 — Construction of Arkiduct.

The outer part of the Arkiduct will normally be another cylinder, fixed in the containing piece of equipment.
This equipment might be a pump, a propeller, a motor, or a generator. The Arkiduct is equipped with electrical
wiring and magnets, as in a conventional motor or generator -- application of electrical power will cause the Rotor

to rotate within the Stator.

This general picture may be modified in particular circumstances, for example, the cylinders involved might be
bulged out in their central portions, with the inner screw or helix varying in width or pitch -- liquid travelling
within an Arkiduct would then travel more slowly within the central section, as when a river comes to a wider
separation of its banks.

5 The marine arkiduct — arkiducts used in ship propulsion

Archimedes Screws have been used in ship propulsion, as in Figure 4. Marine Arkiducts as described here would

be specially suited to propulsion of large marine vessels.
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Although a single Marine Arkiduct could be used to propel a vessel (Figure 8), the obvious choice would be to
have two Arkiducts, one on each side of the vessel. The ship could then be steered by increasing or decreasing the
relative rotation rates of the port and starboard Ducts — there would be no need for a rudder. With both Ducts
reversed in direction of rotation, the ship would go backwards, and with only one reversed, the ship would tend to

rotate in a circle.

Figure 8 — Notional placing of Marine Arkiduct in conventional vessel. Base image from reference [9].

In an existing arrangement, large modern cruise ships, such as the Cunard Line's Queen Mary, can get excellent
manoeuvrability by having auxiliary thruster pods (electrically-driven screws), which can be turned in any

direction to modify the main propeller action.

6 Advantages of Marine Arkiducts over conventional Ship Screws

Some of the disadvantages of conventional ship propellers have been considered above. The main problems were
excessive energy use though side effects such as noise, vibration, and wake creation, and with cavitation causing
erosion of parts and further energy loss. Safety is also a concern, with damage caused when screws impact

swimming creatures or floating or submerged materials or structures.
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Ships driven by Arkiducts should avoid most of these disadvantages. Because impetus is applied
electromagnetically over the large surface of the Rotor, rather than being concentrated at an axle, the Duct should
create very little noise or disturbance to the waters being passed through. This must result in smooth and easy

movement through water, leading to greater efficiency.

In a way, the advantage is similar to that obtained by dolphins and some large fish, in the way that they move
through water. These creatures more or less "wiggle" through the water, not creating a disturbance, and they can
travel at great speed without spending much energy -- some dolphins can swim at 55.5 km/hr (30 knots) [10], and
some fish even faster -- the record is held by the Black Marlin, 129 km/hr [11]. Because the helix in the Duct is
moving relatively slowly, and has nothing or very little in the way of exposed edges, corrosion should not be a

factor.

Ship Arkiducts should also be rather safe -- fish and objects entering one would just be swirled round and
ejected without harm at the far end. To avoid damage to very large creatures, such as whales, open mesh covers
could act as "cowcatchers", nudging aside large swimmers or submerged objects -- the "mesh" could be very
coarse, with bars maybe a metre apart. With very large ships, the Ducts might also be very large -- 10 metres or

more across. The wider the Duct, the slower the Rotor needs to turn for a given desired thrust.

7 Powering Marine Arkiducts

Being electrically-driven, Arkiduct Rotors would need a source of electrical energy. This could be a conventional
diesel generator, or a gas-turbine generator, perhaps running on LPG (liquified petroleum gas), as carried in LPG
tankers. An ideal source of power would be a Hydrogen Fuel Cell, running on liquid (cooled and compressed)
hydrogen, as used in rocket propulsion. With this as source, the whole propulsion mechanism of an Arkiduct-
driven ship would contain only a single moving part -- the Rotor. Devices with few or no moving parts are

typically least energy-demanding.

There currently exist many essentially unfounded fears in the use of hydrogen. I have shown these fears to be
unfounded in "HY401: Hydrogen is Very Very Safe" < http://www.aoi.com.au/Hydrogen/HY401/> [13].

8 Advanced conformations of large arkiduct-drive ships

With the development of Marine Arkiduct vessels, it would be possible to adopt other marine architectures,
placing the Ducts below a variety of hull shapes. As an example, a catamaran configuration could be used (Figure
9).
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Figure 9 — Notional placing of Marine Arkiducts in catamaran/hydrofoil vessel. Base image from [12].

In this configuration, the Arkiducts would be placed at the bottoms of the twin keels. It might be found to be
efficient to use such a configuration even for very large container or tanker ships, essentially ending up as wide

platforms with twin Arkiduct propulsion pods beneath them.

With a catamaran configuration, a shelved base to the main structure might be appropriate so that movement

forward of the vessel would tend to lift it somewhat in the water.

9 Final remarks
When measured in tonnage, the majority of items figuring in international trade travel by ship. The three main
modes are container ships, tankers, and bulk carriers. Probably it is bulk carriers which carry the biggest tonnages.

As an example, Australia exports by ship 800 million tonnes of iron ore each year -- over 30 tonnes per inhabitant.
So an improvement in the efficiency of shipping would have an influence of international economics. Fitting

large ships with Arkiducts in place of the current screw propellors is likely to lead to significant improvements in

efficiency and hence lower costs.
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Resumo: Técnicas de predicao de demanda sao utilizadas em intimeros ramos da in-
dastria, com o objetivo de agregar valor ao negocio das empresas, especialmente por
meio da busca pelo dimensionamento 6timo dos recursos de producéo. A predi¢do de de-
manda em refeitérios, com o intuito de balancear a quantidade de alimento produzido,
buscando um melhor aproveitamento dos ingredientes, € um desafio, pois fatores como a
quantidade de usuarios, o tempo de atendimento e o tipo de alimento utilizado podem
ser bastante variaveis neste tipo de problema. O estudo das filas, neste contexto, é de
primordial importancia, dado que, conhecendo suas caracteristicas, podem-se estimar,
por meio de previsdo, informagdes que podem melhorar a qualidade de atendimento. O
presente trabalho teve por finalidade utilizar modelos baseados em Redes Neurais Arti-
ficiais (RNA) para realizar regressdes em uma série temporal personalizada, gerada por
meio de metodologia propria, mediantes os dados coletados in loco no restaurante do
IFMG - Campus Bambui. Teve-se por principal objetivo desenvolver um modelo compu-
tacional que fosse capaz de descrever o comportamento para os intervalos de tempo no
atendimento dos usuarios. Por meio deste recurso, pode-se gerar informacées importan-
tes para a tomada de decisdo, como os horarios de maior e menor pico de atendimento.

Palavras-chave: Redes neurais artificiais, regressao, séries temporais.

Abstract: Demand prediction techniques are used in numerous industry sectors with the
aim of adding value to the business of the companies, especially through the search for
optimal sizing of production resources. The prediction of demand in restaurants with the
intention of balancing the quantity food produced looking for better use of ingredients is
a challenge, since factors like the quantity of users, the time of service and the kind of
food can be quite variable in this type of problem. The study of queue, in this context,
is of paramount importance, given that, knowing its characteristics, it is possible to esti-
mate, by means of prediction, information that can improve service quality. Present work
had the purpose of using models based on Artificial Neural Networks (ANN) to perform
regressions in a personalized time series, generated through its own methodology with
data collected in the restaurant of the IFMG - Campus Bambui. The main objective was
to develop a computational model that would be able to describe the behavior for the
time intervals in the restaurant customer service. Through this resource, it was possible
to generate important information for decision making, such as the peak times of higher
and lower demands.
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maneira rapida e viavel. Nesse sentido, eles podem ser
utilizados no ramo da predi¢cao de demanda, com o in-

A aplicacdo de métodos inteligentes, no que se refere a tuito de agregar valor aos negdcios de empresas diversas.

algoritmos e técnicas computacionais, permite flexibili-
zar a resolucao de problemas, alcancando resultados de

O emprego destas técnicas em refeitorios, por exem-
plo, pode ser bastante interessante em relagao ao estudo

_ Revista Brasiliense de Engenharia e Fisica Aplicada — de filas, dado que, conhecendo suas caracteristicas, pode-
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aos usuarios que anseiam pelo atendimento. Desse modo,
o uso de métodos baseados em Redes Neurais Artificias,
visando gerar um modelo de regressao com séries de tem-
pos, pode ser uma opgao viavel para esse tipo de pro-
blema.

As Redes Neurais Artificiais (RNA) funcionam, te-
oricamente, de maneira semelhante ao cérebro humano,
visando reconhecer caracteristicas e padroes de dados.
Assim sendo, objetivam ser capazes de aprender, por
meio de um treinamento, e fazer generalizagoes baseadas
no conhecimento previamente acumulado. Uma area em
que as RNA sao aplicadas é na previsdo para séries de
tempo [21].

O processo de previsao de dados futuros é conside-
rado uma importante ferramenta para o planejamento de
qualquer organizagao. Dentro da analise de séries tem-
porais, existem diversos modelos, com as mais variadas
suposigcoes quanto ao comportamento de uma série de
dados [14].

A principal técnica utilizada neste trabalho foi a de
RNA, a qual se ajusta por meio dos dados de entrada,
fornecidos por um registro de filas, para se gerar uma
regressao. O emprego de RNA é justificavel por sua capa-
cidade de reconhecimento de padroes e ajuste funcional,
permitindo alcancar bons resultados, de forma geral.

O refeitorio do IFMG-Campus Bambui atende alu-
nos, servidores e visitantes. Este fator faz com que seja
necessario um estudo relacionado & demanda de pessoas
no local. Um problema muito comum enfrentado pelos
seus usuérios é o congestionamento da fila, podendo ge-
rar uma grande demora no atendimento devido ao ele-
vado ntimero de pessoas que anseiam pelo servigo, princi-
palmente em horarios de pico. Oliveira et al. [I2] também
desenvolveu um trabalho no IFMG-Campus Bambui em
que foi possivel verificar a possibilidade da insercao de
meios tecnolégicos para auxiliar na tomada de decisao
dos processos que ocorrem no local abordado dessa pes-
quisa.

Assim, justifica-se o uso de uma RNA com os dados
do refeitério, uma vez que ela permite fazer uma estima-
tiva de comportamento do local em seu funcionamento,
podendo servir de auxilio, com as informagoes extraidas,
para a tomada de decisao dos usuéarios em um horario de
almoco.

O trabalho de Rodriguez e Corréa [16] se propds a
encontrar o método mais eficiente para a previsao da
demanda de pecas em sistemas de refrigeragao latino-
americanos. Foram usadas técnicas diversas, a fim de se-
lecionar aquela que obtivesse o melhor resultado. A téc-
nica de RNA foi a que se destacou para a previsao das
demandas de pegas.

Sigauke [17] fez uma aplicacdo de Modelos Aditivos
Generalizados (MAG) em uma previsdo de demanda de
eletricidade usando dados sul-africanos, nos anos de 2009
a 2013. Foi realizado um estudo em que se aplicaram téc-
nicas de tratamento, antecipadamente acerca dos dados,
e, logo apos, fez-se o uso combinado de técnicas inteli-
gentes. Os resultados finais demonstraram uma melhor
eficiéncia na previsao esperada.

No trabalho de Oliveira et al. [I3] foi avaliada a apli-
cagdo de uma Rede Neural Artificial Perceptron Multi-
Camadas utilizando como objeto de aplicagao os da-
dos de pluviometria acumulada mensal oriundos do Sis-
tema Cantareira. O treinamento da MLP foi realizado
tomando-se por base as medi¢oes pluviométricas de ou-
tros cinco grandes sistemas brasileiros. Os resultados ob-
tidos mostraram que foi possivel cumprir o objetivo pro-
posto e validar a MLP como alternativa valida a subs-
tituicao, em casos oportunos, aos métodos de medigao
convencionais

Tello-Maita e Marulanda-Guerra [I9] descreveram
um estudo que teve por objetivo utilizar modelos que
permitiram a otimizagao em sistemas de poténcia. Nesse
sentido, foram considerados aspectos como energias re-
novaveis e sua variabilidade, geragao distribuida e mi-
crorredes, gerenciamento de demanda e sistemas do ar-
mazenamento de energia. Fez-se, assim, a abordagem na
utilizagao de técnicas modernas no que diz respeito a
RNA, a fim de obter resultados promissores, aplicados
na gestao de demanda. Foi verificado um impacto nos
custos gerados, dentro dos setores produtivos.

Valencia-Céardenas et al. [20] apresentaram uma com-
paracao para modelos de previsao da demanda em mul-
tiplos produtos, dentre os seguintes métodos; Média Mo6-
vel Autorregressiva Integrada (Autoregressive Integra-
ted Moving Average, ARIMA), Suavizagao Exponencial
(SE), um Modelo Bayesiano de Regressao (Bayesian Re-
gression Models, BRM) e um Modelo Linear Dinamico
Bayesiano (Bayesian Dynamic Linear Models, BDLM).
O trabalho baseou-se em testar tais métodos para o setor
de estoques em diferentes empresas. Assim sendo, foram
extraidas informagoes que permitiram a minimizacao dos
custos e a maximizacao de lucros.

O trabalho realizado por Staudt et al. [7] tratou da
inser¢ao dos modelos de previsao dentro dos setores em-
presariais e como isso pode impactar diretamente na me-
lhoria da qualidade de seus servigos. Foi relatado como
é necessaria a implantagao de um processo estruturado
para realizar a previsao, evitando os possiveis viéses e
limitagoes do julgamento humano, que comprometem o
desempenho e a credibilidade das previsoes.

Srisaeng et al. [I8] propuseram e testaram empiri-
camente, pela primeira vez, modelos da otimizagao de
algoritmos genéticos para modelar a demanda de passa-
geiros em companhias aéreas domésticas da Australia.
Os dados foram divididos em conjuntos de treinamento
e teste, em que 74 deles, foram utilizados para estimar
os fatores de ponderagao dos modelos de algoritmos ge-
néticos, e outros 13, fora da amostra, foram utilizados
para testar a sua robustez. A técnica se mostrou util,
com baixos percentuais de erros.

Guarnieri [6] desenvolveu e avaliou uma metodologia
de previsao na irradiacao solar incidente, constituindo
uma pesquisa de meteorologia aplicada, estabelecida no
refinamento da previsdo numeérica de tempo produzida
pela metodologia do Eta/CPTEC. As variaveis de saida
do modelo foram empregadas como preditores em mode-
los de RNA e RLM, ajustados para calcular a radiagao
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solar incidente para duas localidades em que se situam
estacoes do projeto SONDA. Parametros de avaliagdo de
erros, determinados frente aos dados observacionais de
cada estacao de medida, foram calculados para cada pre-
visdo, a cada teste, permitindo a comparacao de RNA e
RLM. Obteve-se, como resultado, um ganho nas previ-
soes da radiacao solar de curto prazo, ao passo que, foi
verificado nao ocorrer ganho significativo em desempe-
nho com técnicas convencionais.

Mahmoodi e Naderi [§], em seu trabalho, fizeram uso
de RNA e Regressao Nao Linear(RNL) para obter uma
estrutura de grao ultrafino com as propriedades ECAR
(Equal Channel Angular Rolled ). Uma RNA foi usada
para prever as propriedades mecéanicas das folhas AI5083
(tipo de liga de aluminio). Os parametros de entrada e as
propriedades mecénicas foram extraidos separadamente,
usando o método de regressdo linear. Os desempenhos
da RNA e do modelo de RNL mostraram que ambos
estimaram, com precisao, as propriedades mecanicas das
amostras de Al5083, com ECAR. No entanto, o modelo
de RNA determinou os parametros de saida com alta
precisao.

Baptistella et al. [I] compararam as técnicas de RNA
e RLM na estimacgao dos valores de venda de iméveis ur-
banos da cidade de Guarapuava/PR. O modelo inicial foi
composto por treze variaveis do-referido cadastro, sendo
elas: bairro, setor, pavimentagao, esgoto, iluminagao piu-
blica, area do terreno, pedologia, topografia, situagao,
area edificada, tipo, estrutura e conservagdo. As RNA
foram desenvolvidas utilizando o algoritmo de treina-
mento “Levenberg Marquardt” com uma camada oculta.
Na comparagao das duas técnicas, embora tenham apre-
sentado resultados semelhantes, as Redes Neurais Arti-
ficiais apresentaram desempenho superior.

Assim como nos trabalhos citados que utilizaram
RNA para séries temporais, essa pesquisa teve como pro-
posta a aplicagdo de uma RNA para extrair informagoes
em dados coletados durante o funcionamento do restau-
rante, a fim de informar horarios de pico, e, assim, usar
tais informagoes para a melhora na eficiéncia de atendi-
mento.

Foi desenvolvido um método para a coleta dos dados,
e, apo6s isso, gerou-se um dataset para avaliar o melhor
método de anélise e tratamento destes. Tal estudo, ba-
seado nesse conjunto de dados, foi realizado durante o
periodo do almogo no campus, devido & maior demanda.
Com este trabalho, esperou-se gerar uma regressao, com
uma série de intervalos de tempos extraidos dos dados
coletados, para que, com o uso de uma RNA, fosse possi-
vel extrair informagoes, e, assim, fazer um levantamento
de estatisticas tteis aos usuéarios.

2 Fundamentacio Tedrica

2.1 Analise e planejamento de experimentos

Para a realizacao de qualquer experimento, hé a neces-
sidade de se organizar antecipadamente. Assim sendo,

um esbogo claro dos passos que devem ser realizados é
necessario, para que os objetivos sejam atingidos [I1].

Nesse sentido, de acordo com Neto et al. [T1]], na per-
cepgao do senso comum, o trabalho com métodos esta-
tisticos baseia-se em uma mineragao bem-sucedida, que
explora e processa milhares de informagoes, a fim de ex-
trair conclusoes de grande valor. Mas esta é uma impres-
sdo falsa, uma vez que a atividade estatistica de maior
importancia é o planejamento de experimentos, em como
os dados serao apanhados. Com uma mé realizagao dessa
etapa, o resultado se torna uma pilha gigantesca de nu-
meros sem sentido. Por esse motivo, um bom planeja-
mento consiste em projetar um experimento de maneira
que seja fornecido o tipo de informacao procurada, para,
assim, realizar uma andlise. Dependendo do que se al-
meja, algumas técnicas sao vantajosas, ao passo que ou-
tras sao totalmente dispensaveis.

2.2 Sistemas e algoritmos inteligentes

Para Wilamowski e Irwin [22], entende-se por algoritmos
inteligentes aqueles capazes de realizar a autoaprendiza-
gem e resolverem, por si proprios, algum problema que
um algoritmo deterministico, no seu escopo de a¢ao, nao
possuiria tanta efetividade. Dentre eles, se aplicam as
Redes Neurais Artificiais, os algoritmos genéticos e ou-
tros métodos de computacao natural.

Dentro dos sistemas de aprendizado, podem ser abor-
dadas duas maneiras de classificagdo em categorias: a
primeira se d4 por um tipo de caixa-preta, que manifesta
sua propria representagao do conceito, isto €, seu aspecto
interno néo pode ser facilmente interpretado por huma-
nos, nao sendo esclarecido e nao havendo uma explica-
¢ao do processo de reconhecimento. Ja o segundo sao os
sistemas orientados a conhecimento, que objetivam a cri-
acao de estruturas tipicas que sejam compreensiveis por
humanos [22].

Neste trabalho, pretendeu-se aplicar este tipo de
conhecimento, dado que, no problema de interesse,
oportuniza-se o uso de modelagens que visam otimizar,
de forma autonoma, a demanda do tempo de fila, com
base em um dataset. Em outras palavras, procurou-se
aplicar algum algoritmo inteligente, para buscar a solu-
¢ao do problema.

2.3 Aniélise de demanda e previsio

Segundo Gaither e Frazier [5], predizer, ou medir, a de-
manda futura de produtos, servigos e os recursos neces-
sarios para produzi-los é o primeiro passo da etapa do
planejamento. Nesse sentido, a predigao se torna uma
ferramenta poderosa para qualquer situacao que exija,
quantitativamente, materiais especificos.

Com o estudo de demanda, pode-se criar um modelo
de previsao aplicado, seja ele um método estatistico ou
computacional. Para Moreira [10], os métodos de previ-
sao podem ser classificados de acordo com critérios va-
riados. No entanto, a classificagao mais comum é a que
leva em consideracao o tipo de abordagem utilizada, ou
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seja, os tipos de instrumentos e conceitos que formam a
base da previsao. Por este critério, os métodos podem
ser qualitativos e quantitativos.

Dado este contexto, a analise de demanda se faz im-
portante neste trabalho, pois ela se apresentou como pi-
lar para averiguar o que poderia ser melhorado, sendo
utilizada para a construcao do modelo de previsao.

2.4 Redes Neurais Artificiais

O estudo das Redes Neurais Artificiais (RNA) foi inspi-
rado no sistema biolégico humano, simulando o sistema
nervoso central, ou seja, capazes de realizar o aprendi-
zado de maquina (Machine Learning) e o reconhecimento
de padroes. E um modelo simplificado e simulado do
neurdnio real. Sua representacdo pode ser vista na Fi-
gura [1} sendo essa também denominada de Perceptron,
em que diversas entradas atuam como mapeamento de
um problema, e, nesse sentido, elas sao processadas, de
maneira que os pesos e o limiar de ativacdo (fungoes
como degrau, linear ou sigmoide) permitam que deter-
minadas entradas sejam efetivas na abstragao da RNA,
gerando uma saida como resultado. Sao uma forma de
computagao caracterizada por sistemas que, em algum
nivel, lembram a estrutura de raciocinio do cérebro hu-
mano [4].

-0

X1:> W1

éy

X, 5= w, u g(.)

X, 0 —w

Figura 1: Esquema de uma RNA simples (Perceptron)

Fonte: Silva et al. [3]

As caracteristicas basicas das RNA séo a adaptagéo e
a representacao de conhecimentos baseados em conexoes,
as quais sao dadas por entradas que estao integradas,
com pesos que simulam os estimulos sindpticos, realiza-
dos por um cérebro. Quando essas estradas ultrapassam
o potencial de ativacao, esta é indicada como vélida ou
nao. Para Manuel e Pretorius [9], uma Rede Neural Ar-
tificial pode ser considerada um processador paralelo e
distribuido, composto por varias camadas de neurénios.
A primeira camada é referida como a camada de entrada,
e a ultima, como camada de saida. Entre as camadas de
entrada e saida, varias outras podem existir.

Para Silva et al. [3], quando uma RNA possui pelo
menos uma camada intermediaria, esta é denominada
como Perceptron de multiplas camadas (PMC), a qual
possui, no minimo, duas camadas, dividas entre inter-
mediarias e de saida, sua representacao pode ser vista
na Figura [2| E considerada como uma das arquiteturas

mais versateis, tendo ampla aplicabilidade, como, por
exemplo, na aproximagao universal de fungoes. Seu trei-
namento é dado de maneira supervisionada, ou seja, sao
conhecidas as saidas durante o processo de treinamento,
feito por meio do algoritmo denominado backpropaga-
tion.

Entradas
do PMC

Camada de
entrada

12 Camada Neural
Escondida

2% Camada Neural
Escondida

Figura 2: Esquema de uma Perceptron de miltiplas camadas

Fonte: Silva et al. [3]

Esta sera uma das principais técnicas abordadas no
trabalho, visando & aplicacdo dos dados coletados du-
rante o periodo experimental.

2.5 Andalise e tratamento de dados

De acordo com Reimann et al. [I5], a anélise de dados
estatisticos trata do estudo de dados graficamente ou
por meio de métodos mais formais. As técnicas de Anéa-
lise Exploratoria de Dados (Exploratory Data Analysis,
EDA) fornecem muitas ferramentas que transferem gran-
des e complicadas tabulacoes de dados, para exibigoes
graficas faceis de entender, que sao independentes das
suposigoes sobre os dados, e que sao usados para “visua-
lizar” os dados.

Nesse sentido, os itens de amostras que se apresen-
tam com um grande afastamento dos restantes ou como
sendo inconsistentes sao habitualmente designados por
outliers. Para Barnett e Lewis [2], tal termo é carac-
terizado por sua relagao com as observagoes restantes,
que fazem parte da amostra. O seu distanciamento em
relagao a esses dados é fundamental para fazer a sua ca-
racterizagao. Estes elementos sao, também, designados
como "anormais"ou contaminantes.

3 Metodologia

A pesquisa realizada foi caracterizada como aplicada,
quantitativa e em campo, uma vez que os seus conhe-
cimentos podem ser aplicados na vida real, fazendo-se
uso de ferramentas e técnicas estatisticas com os dados
coletados, ao passo que, para eles existirem, houve a ne-
cessidade de o pesquisador observar um ambiente para a
realizagao das atividades propostas.
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3.1 Delineamento do experimento

O primeiro passo para a construcao do dataset utilizado
no trabalho foi realizar um estudo sobre coletas de da-
dos, verificando quais etapas béasicas deveriam ser rea-
lizadas. Para isso, foram analisadas as possibilidades de
estruturacao para coleta, bem como uma investigagao de
problemas que pudessem inviabilizar o experimento.

Antes de iniciar o trabalho experimental, houve reu-
nides com a nutricionista do campus, pois ela é a respon-
savel pelo gerenciamento do refeitorio. Foram levadas as
propostas para o desenvolvimento do trabalho, e, nesse
sentido, discutiram-se todas as questoes de permissoes e
limitagoes do que poderia ser realizado.

f meto dos USUaros
—J

Fluxo dnico neste porto

Mesa para se servir

[ =2

=
Temperos,/ \

Molhos
Pontode
Coleta
=

eSAWAIQOS

Figura 3: Esquema construido para disposicdo do refeitério

Fonte: acervo do autor

Esse levantamento de regras foi necessario, pois
houve algumas adequagoes aplicadas ao funcionamento
do refeitério. Com isso, foi criado um esquema, represen-
tado pela Figura [3] de como o ambiente ficou disposto
durante a realizagao das coletas, demonstrando o posici-
onamento de cada componente.

3.1.1 Materiais

Durante a realizagao da coleta, foi utilizado um compu-
tador pessoal com Windows 8.1 e planilha eletronica. As
configuragoes do computador eram de um processador
Core i7, com 8GB de RAM. O uso da planilha foi im-
portante no processo, para registrar os horarios e, por
conseguinte, os intervalos de atendimento dos usuérios.

Para isso, foi implementada uma macro, a qual cap-
turava a data e o horario, no formato hh:mm:ss, e, im-
plicitamente, também contando o ntimero de pessoas na
fila para o dia em questdo. A agdo da macro ocorria por
meio do clique em um botéo virtual inserido no software
da planilha.

Também nesta etapa, foi construida uma tabela, cujo
objetivo era registrar os dados dos alimentos de cada

dia. Tal tabela, representada na Figura[d] foi repassada
para os responsaveis por coordenar as atividades dentro
da cozinha, uma vez que ela s6 poderia ser acessada por
pessoas autorizadas, devido a regras de salubridade do
local.

Figura 4: Representacdo da tabela de dados sobre os alimentos

Culeta de Dados Refeitdrio IFMG

Data:

Alimento

Quantidade Crua

Quantidade
Cozida
Quantidade
Sobra Crua
Quantidade
Sobra Cozida
Status Final

Obs: A quantidade deve ser de acordo com a unidade de medida usada pelo refeitorio, kg, litros, unidade ete_

Algum alimento faltou?

Alimento Horario de Falta | Ohservacdes:

Fonte: acervo do autor

Com isso, foi necessario rearranjar tais tabelas em
arquivos .csv, para que fossem inseridos dentro dos re-
quisitos do software RStudio, utilizando a linguagem R.

3.1.2 Condugio do experimento

Na realizacao do experimento das coletas, foram anali-
sadas varias possibilidades dentro das limitagoes do re-
feitorio. Houve algumas alternativas para se realizar as
coletas, entre elas, o uso de sensores e botoes, de maneira
que, quando o aluno terminasse de se servir, ele iria se
autorregistrar.

Nesse ponto, ficou evidente que a melhor escolha foi
desenvolver uma maneira de captura pelo préoprio autor
do dataset, ja que, dessa forma, o padrao de coleta se
daria de maneira regular, evitando muitas variagoes e
minimizando a quantidade de erros na geragao final dos
dados.

A estratégia se deu em posicionar o computador de
frente aos talheres, uma vez que estes sao de uso essencial
para a alimentagao, bem como representam, de maneira
ideal, o ponto em que o usuério termina de se servir.
A fila também sofreu algumas alteragdes, com o uso de
pedestais para orientar as pessoas no caminho que de-
viam seguir, bem como para limitar a passagem de uma
pessoa por vez no momento em que os talheres fossem
apanhados. O esquema real, em seu funcionamento, esta
representado na Figura [

3.2 Caracteristicas da Fila

O processo basico de filas, em geral, acontece quando
clientes anseiam por um atendimento. Essa fase é deno-
minada como fonte de entrada. Logo apos, esses usuéarios
passam por um processo de sistema de filas, em que, de
tempos em tempos, um determinado integrante é seleci-
onado por alguma regra, conhecida como disciplina da
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Figura 5: Imagem registrada em um dos dias do experimento

Fonte: acervo do autor

fila, e, assim, o atendimento é realizado de acordo com
seus mecanismos, e o cliente é liberado.

Desse modo, a fila na qual foram extraidos os dados
classifica-se como uma fonte de entrada de tamanho limi-
tado, pois ha um limite no tempo de atendimento para
os servigos do refeitorio, que é por volta de uma hora e
meia. Assim sendo, a propria fila também se denominou
como finita, em que o nimero méximo de usuarios aten-
didos em todos os dias coletados nao ultrapassou 900
pessoas.

Conduzindo ainda a fila observada, a sua disciplina
foi determinada como FIFO (First In First Out), ou seja,
o primeiro que chega é o primeiro a ser atendido. E as-
sim, numa etapa inicial, foi dada por um fluxo tinico em
sua formagao, em que foi trocado por um fluxo duplo du-
rante o processo de se servir e, imediatamente apos, a fila
passou a ser de fluxo tinico novamente, com o objetivo
de se pegar os talheres. O ponto de coleta se deu nesse
altimo fluxo. Assim, a fila observada para a coleta pode
ser classificada, de maneira geral, como fluxo tnico.

Diante disso, realizados os procedimentos de delinea-
mento e de como a fila se dava, partiu-se para o processo
de construcao do dataset.

3.3 Geracdo do dataset

Apos realizada a coleta, partiu-se para a verificagdo da
disposicao dos dados e a elaboracao de um planeja-
mento. Com isso, foram analisadas possiveis maneiras
de organizé-los, para, assim, potencializar os resultados
quando fossem inseridos no contexto do problema.

Nessa etapa, procurou-se elucidar como ficariam dis-
postas as estruturas dos datasets. Foi decidido que ha-
veria pelo menos dois tipos de base de dados: uma desti-
nada a frequéncia e aos registros da fila, e outra para os
alimentos com os dados referentes a quantidades produ-
zidas, sobras, falta de alimentos e horérios em que acaba-
ram. A principio, havia a intencdo de se usar dados dos
alimentos na predigao, mas nao foram utilizados, pois
decidiu-se, durante o estudo, abranger apenas o escopo
da fila, pelo fato da inviabilidade de uma analise precisa
desses dados durante o desenvolvimento da pesquisa.

O formato do dataset consistiu em uma tabela con-
tendo data e hora para cada registro que acontecia nos

momentos de coleta, e, assim, foram feitas as conversoes
para o tipo .csv, sendo inseridos no contexto do software
usado. Tal etapa se fixou no tratamento de dados de
maneira a remover possiveis interferéncias que gerassem
ruidos no conjunto de dados.

3.3.1 Tratamento e disposicdo dos dados

Nesta fase, fazendo-se uso das ferramentas graficas do
RStudio, os dados foram aplicados em alguns tipos de
graficos, a fim de verificar, visualmente, o seu comporta-
mento. Além disso, foi utilizado um método de ajuste de
outliers, visando & lapidacao dos elementos do dataset.
A funcgao que realizou esse procedimento, basicamente,
divide a distribuicao da amostra em quatro quartis, e
os elementos que se encontram fora do segundo e ter-
ceiro quartis sado removidos e adequados de acordo com
os valores mais proximos, por exemplo, pegando os vizi-
nhos da direita e esquerda e calculando a metade de sua
soma. Assim sendo, para o dia 04/05/2019, na Figura
[6] verificam-se os graficos de frequéncia, demonstrando a
disposicao dos intervalos para todos os usuarios ao longo
do tempo, antes e ap6s o tratamento.

Fequéncia de Intervalos - Antes

200 300
|

Intervalo (tempo em s)
100
1

T T T T T T T T
0 100 200 300 400 500 600 700

Indice Pessoas

Fequéncia de Intervalos - Depois

Intervalo (tempo em s)
10

2 4 6 8
|

T T T T T T T T
0 100 200 300 400 500 600 700

Indice Pessoas

Figura 6: Gréficos de frequéncia do dia 04/05/2019, antes e
apos o tratamento

Fonte: acervo do autor

Observado o grafico de frequéncia, tornou-se neces-
saria a aplicagao desses dados em um histograma, como
demonstrado na Figura[7] permitindo observar quais in-
tervalos mais se repetiram ao longo daquele periodo.

Na sequéncia, foi utilizado um grafico de dispersao
com o intuito de verificar outliers. Como demonstrado
na Figura[§] foi aplicado um grafico boxplot em que cada
um dos pontos fora da faixa-padrao representa elementos
dispersos.
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Figura 7: Graficos de histograma do dia 04/05/2019, antes e
apods o tratamento

Fonte: acervo do autor
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Figura 8: Graficos de boxplot do dia 04/05/2019, antes e apds
o tratamento

Fonte: acervo do autor

Com isso, para aprimorar essa verificagao, foi usado
um gréfico de aderéncia a uma distribui¢cao normal, como

mostra a Figura [0} Dessa forma, procurou-se identificar
quais valores se encontravam fora do alinhamento.
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Figura 9: Graficos da distribuicdo normal do dia 04/05/2019,
antes e apds o tratamento

Fonte: acervo do autor

3.4 Construcdo do algoritmo de previsdo

Este ponto teve como principal objetivo distinguir e mos-
trar técnicas computacionais que foram abordadas, de-
monstrando suas implementagbes para se encaixar den-
tro das estratégias de montagem do dataset, bem como
para o problema tratado.

Foi abordado o comportamento das filas, verificando
sua variabilidade ao longo dos dias e como sua frequén-
cia se altera em relacdo aos minutos em que o refeitorio
funciona. Isso foi feito por meio das analises dos dados
tratados, a fim de verificar as potencialidades que pudes-
sem ser implementadas.

3.4.1 Regressdo usando Redes Neurais Artificiais

Buscou-se, com uma regressao, averiguar qual seria o
intervalo médio de tempo para cada fatia de horario de 30
segundos, dentro do atendimento. Assim sendo, a ideia
principal consistiu em:

e Fazer as diferencas de tempo entre os usuérios da
fila, para os 20 dias de coleta, gerando, assim, 20
séries de intervalos de tempo;

e Criar uma régua de agrupamento a cada espaco de
30s, uma vez que, o nimero de pessoas por dia va-
ria. Dessa maneira, entre a abertura (10:30:00) e
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o fechamento (12:00:00) do refeitorio, calcularam-
se a média, a mediana, a quantidade de pessoas,
o desvio-padrao e o coeficiente de variagao dos in-
tervalos em cada faixa de 30s, para o respectivo
dia. Criaram-se, assim, 20 novas séries, com 180
intervalos, em que cada posi¢ao possuia todos os
calculos na sua fatia respectiva. Na Figura [I0] ha
a representacdo desse processo para as médias;

Fatia 305

10:30:00 | ] 12:00:00

10:21:00

Média entre as pessoas dessa fatia
Por exemplo (63)

10:30:00 L1 ] 12:00:00

10:31:00

-1 My WWWM
gl

Intervalos (em segundos)

T T T T T
0 20 40 60 80
Tempo (em minutos)

Figura 10: Célculo da média para os intervalos/ Representacio
grafica da série gerada

Fonte: acervo do autor

e Tornar aleatérias as 20 séries calculadas, a fim de
remover padroes durante os dias do refeitorio. As-
sim sendo, separaram-se 15 para o treinamento, e
as outras cinco para testes, ao passo que, para as
15, foi gerada um série final com a média de cada
célculo respectivo entre estas, realizando-se o trei-
namento da RNA, obtendo-se uma regressao a ser
testada. Os valores da quantidade de usuéarios, me-
diana, desvio-padrao e coeficiente de variagao fo-
ram usados como parametros na entrada da rede,
visando refletir em uma saida com a média dos in-
tervalos de tempos;

e Padronizar os valores antes de serem inseridos na
RNA, na faixa entre 0 e 1, utilizando-se a Equa-
cao [1] Esse procedimento é realizado, pois reduz
a possibilidade de as entradas da RNA, apos elas

serem ponderadas pelos pesos respectivos, cairem

em uma faixa denominada saturagao, reduzindo,
assim, o desempenho da rede.

Si— Smin

(1)

Smax — Smin

Em que Si refere-se ao elemento a ser convertido;
Smin, o menor valor que se encontra no intervalo;
e Smax, o maior valor encontrado no intervalo em
questao.

e Com a regressao obtida, foi colocada em teste a
rede treinada, objetivando-se calcular as diferengas
em relagdo aos resultados (valores preditos) e os
valores esperados (intervalos médios de tempos),
para cada ponto da regressao gerado. Isso foi feito
em cada uma das cinco séries restantes. E, por fim,
realizou-se a plotagem de graficos comparativos,
bem como os cédlculos das métrica de avaliagao.

Dessa forma, esperou-se que, ao final, com a funcao
gerada (abstragdo da RNA treinada), cada entrada de
uma fatia de horério, que representa um usuario se in-
serindo no contexto de atendimento, gerasse uma saida.
E assim, todo o contexto de comportamento da fila fosse
previsto, podendo esse resultado indicar picos de atendi-
mento e horarios de menor demanda.

A RNA foi treinada com um nimero de neurdnios
igual a 10 e um namero de épocas igual a 10.000. En-
tre os outros pardmetros, estdo a faixa de inicializacao
aleatoria dos pesos, sendo esta [-0,3;0,3], e uma taxa de
aprendizagem de 0,35. O valor do bias configurado na
rede foi de -1, com as fungoes de ativagao sendo tangente
hiperbdlica, para a camada escondida, e fungao linear na
camada de saida. Tais valores foram calibrados manual-
mente, variando um dos pardmetros, enquanto todos os
outros permaneciam fixados, ao passo que eram obser-
vados os erros de época a época para cada teste.

Nesse sentindo, ao notar que a convergéncia da rede
melhorava, continuava-se o processo até uma estagnacao,
passando, assim, para um novo parametro com os mes-
mos procedimentos. A topologia da rede montada pode
ser visualizada na Figura [TT]

3.5 Meétricas de avaliacdo

Para se fazer um estudo comparativo, as saidas geradas
pela RNA, junto aos dados reais de um dia no refeitorio,
foram empregadas em métricas para verificar o quao dis-
persos os resultados ficaram em relagao aos dados reais.
Para isso, as duas principais medidas utilizadas foram
REQM e o POCID.

3.5.1 Raiz do Erro Quadratico Médio (REQM)

Essa métrica é utilizada para avaliar estatisticamente re-
sultados nas mais diversas situagoes. O REQM equivale
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Figura 11: Topologia da RNA proposta

Fonte: acervo do autor

a raiz da distancia Euclideana média entre as estima-
tivas e os correspondentes pardmetros, apresentados na

Equagao .

REQM =

Em que ), é o somatorio de n termos, sendo y; o
valor estimado; ¥, o valor real; e n, a quantidade total
de termos. Assim, é caracterizado pela raiz da soma das
diferencas entre o valor de y; e ¥, elevado ao quadrado,
controlado pelo niimero de elementos.

3.5.2 Prediction On Change In Direction (POCID)

A métrica POCID é utilizada para céalculo de percentual
de acerto quanto a previsao da alteracao da diregao, no
caso de séries temporais, ou seja, suas subidas e descidas.
A sua representacao é dada na Equagao .

POCID = 100 3)

2y D
n
Sabendo-se que:

D=1
Dt:O

, se (targ; —targi—1) - (outy — outy—1) > 0

, caso contrario.

Em que target representa os elementos reais, sendo ¢
referente ao momento do somatorio, e output, aos valores
de saida da RNA. Ja n diz respeito & quantidade total
de elementos. O POCID teré resultado entre 0 e 100, e,
quanto mais proximo de 100, melhor serd o modelo de
previsao.

Tais métricas foram importantes, pois demonstraram
o quanto estava sendo efetivo o algoritmo no trabalho
realizado, a0 mesmo tempo que permitiu comparagoes
entre essas para uma discussao mais efetiva dos resulta-
dos. Assim sendo, as métricas possibilitaram verificar o
comportamento dos testes.

(4)
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4 Resultados

Aplicado os passos da metodologia, partiu-se, entao, para
a analise dos resultados obtidos pela RNA, verificando
as melhores performances durante os testes realizados,
como demonstrado na Figura[I2] para o erro iterativo de
época a época pode-se observar como a convergéncia da
rede se comportou durante a etapa de treinamento.

Erro da RNA treinada (sem a mediana)
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Figura 12: Comparativo do erro iterativo época a época

Fonte: acervo do autor

Com o modelo gerado, foram realizados cinco testes
com as amostras de treino. Nesse sentido, foram plota-
dos graficos comparativos entre os valores esperados e os
preditos, bem como dois gréficos para cada teste, sendo
um desses sem os valores de mediana, inseridos no trei-
namento da rede, e outro com a mesma inserida. Isso foi
feito porque o calculo da mediana foi o parametro que
mais ajustou a rede, para atingir o valor real dos inter-
valos médios, em cada fatia de tempo. Esse fato acontece
porque a mediana nao é afetada por valores extremos, re-
presentando a centralizacao dos dados de maneira mais
eficiente. Os graficos podem ser vistos nas Figuras [[3 a

I
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Figura 17: Comparativo Teste 5

Fonte: acervo do autor

Como se pode notar, no comparativo dos graficos,
ficou demonstrado que o uso da mediana influenciou
bastante no comportamento da predicao, descrevendo
graficamente resultados similares aos reais. J4 quanto a
REQM e POCID, podem ser vistas as Tabelas[I]e[2] se-
guindo a mesma linha de comparacao feita anteriormente
com a mediana, para seus valores.

Tabela 1 Calculos de REQM.

sem mediana | com mediana
Teste 1 | 0,154 0,062
Teste 2 | 0,173 0,050
Teste 3 | 0,244 0,066
Teste 4 | 0,208 0,048
Teste 5 | 0,196 0,054

Analisando-se os valores da Tabela[l} nota-se que sem
a mediana, eles ficaram na faixa de 15,4% a 24,4% de
erro. JA com a insercao desta como pardmetro de en-
trada, o erro passou a ficar na faixa de 4,8% a 6,6%,
podendo-se notar uma melhora nos resultados por volta
de 10% quando analisada a métrica de REQM.

Com o POCID, a faixa de acerto do direcionamento,
de acordo com a regressao gerada sem a mediana, se deu
entre 60,5% e 77,2%, e, com ela, teve-se uma faixa de
acerto de 79,4% a 86,1%, havendo assim, uma melhora
por volta de 12%, em média.

Apesar das métricas serem de contexto bem diferen-
tes, é interessante notar algumas anélises. Quando ob-

Tabela 2 Calculos de POCID.

sem mediana | com mediana
Teste 1 | 70% 79,4%
Teste 2 | 70,5% 82,7%
Teste 3 | 70,1% 86,1%
Teste 4 | 77,2% 85%
Teste 5 | 60,5% 80%

servadas as variagoes dos valores com e sem a mediana,
para os testes um e dois, eles se mostraram bastante con-
dizentes quando comparados os valores de REQM e PO-
CID, pois, ao passo que o primeiro diminuiu, o segundo
aumentou, respectivamente, quase na mesma proporgao.
Ja para os testes trés, quatro e cinco, essa equivaléncia
nao se deu de forma tao acentuada, mas claramente na
mesma diregao.

Ainda no raciocinio comparativo, destacam-se o tes-
tes trés e cinco, devido ao fato de suas variacOes entre
as métricas terem sido bastante diferentes. Isso pode ser
justificado, primeiramente, observando-se como se deu o
comportamento visual do dia analisado por meio dos gré-
ficos, notando-se uma oscilagdo muito mais acentuada,
o que induz a uma dificuldade maior de ajuste da rede.
Hé, também, alguns quesitos externos que podem ser in-
fluenciadores nesse sentido. Por exemplo, dias préoximos
a feriados, que ocorreram durante as coletas, o que in-
terferiu bastante no comportamento da fila, bem como
outros fatores, por exemplo, dias de sexta-feira, que, em
geral, possuem um fluxo mais variavel, sendo isso obser-
vado durante as coletas.

Assim sendo, considerando-se todas essas anélises,
pode-se verificar que os resultados atingidos foram de-
sejaveis, indicando uma boa atuagdo da RNA no papel
da predicao dos intervalos. Os valores de REQM foram
relativamente baixos, sendo que, quanto menores, me-
lhor o desempenho da rede. Ja os valores do POCID
demonstraram-se bons, uma vez que eles mostram se as
alteragoes dos valores comparados a cada iteragao (real
e predito) aconteceram na mesma diregao.

5 Conclusoes

O principal intuito deste trabalho foi aplicar conheci-
mentos, desde a metodologia cientifica em experimen-
tos, passando por analises estatisticas, até a aplicagao
de técnicas computacionais, todas essas com a finalidade
do estudo de caso feito no refeitorio do IFMG-Campus
Bambui, objetivando predizer intervalos de tempos, por
meio dos datasets montados. Os resultados se mostraram
promissores, pois atingiram as expectativas desejadas. E
muito mais importante, foi necessario um rigor técnico
para que este estudo fosse realizado.

Alguns pontos foram observados fora do contexto da
RNA ao longo do experimento. Os tipos de alimentos e
talheres dispostos para os usuérios refletem diretamente
no tempo e velocidade que a fila anda. O fato de um garfo
grande - de dois dentes - ser colocado para servir espa-
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guete causou um gargalo considerével, fazendo com que
o atendimento terminasse fora do horario determinado,
por exemplo.

A limitagao do cronograma e o processo nao automa-
tizado de coleta acabaram por nao permitir resultados
mais enfaticos. O ideal seria um sistema automatizado
totalmente dedicado a esse objetivo. Com a implantacao
do novo sistema de pagamento, a automatizagao do pro-
cesso pode ser facilitada, ficando como sugestao de con-
tinuidade para o estudo, uma vez que amostras mais ro-
bustas permitem que a RNA aumente sua performance.

A demanda de atendimento no refeitorio, ao longo
dos dias, sofre influéncia de alguns fatores, como feriados
e também os horarios dispostos, que cada pessoa tem ao
longo de sua vida académica. Assim, nao se pode afir-
mar que o comportamento de duas quintas feiras serao
parecidos. Isso faz com que o processo se torne mais com-
plexo, ao passo que o uso de dados estatisticos se tornou
mais desafiador para formar as estratégias empregadas.

Outro ponto para continuidade refere-se a aplicagao
de outros métodos para previsao, fazendo um compara-
tivo de resultados. Nota-se que a area referente a Ciéncia
de Dados é muito extensa, tornando sua aplicabilidade
muito ampla, podendo ser desde o uso de uma RNA até a
fusao de varias outras técnicas, atingindo objetivos como
previsao e otimizagao em dados-e processos.
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