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This paper presents the development of a model that allows the calculation and
design of multimode optical fibers of few modes, from the mechanical parameters
that describe the geometry of the parabolic index profile and the electromagnetic
behavior in this guided transmission medium. For this purpose, a system of
equations has been developed based on the performance evaluation metrics of an
optical fiber and an independent variable that is adjusted through an optimization

algorithm to evaluate the best values of bandwidth, dispersion, and propagated
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RESUMEN

Este documento presenta el desarrollo de un modelo que permite el calculo y disefio
de fibras 6pticas multimodo de pocos modos a partir de los parametros mecanicos
que describen la geometria del perfil de indice parabédlico y el comportamiento
clectromagnético de este medio de transmisién guiado. Para ello se han
conformado sistemas de ecuaciones basados en las métricas de evaluacién de
desempeno de una fibra éptica y una variable independiente que es ajustada por
medio de un algoritmo de optimizacién para evaluar los mejores valores de ancho
de banda, dispersién y modos propagados en las ventanas de propagacién de fibra
6ptica multimodo.
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1. Introduction

Over the past few years, a new fiber material has
been developed with the potential of making better use
of communication channels compared to the mono-
mode fiber used in most network links. The new
material is a multimode fiber, yet it contains fewer

modes than the conventional fiber.

Depending on its primary feature, which defines the
name of the same fiber, it offers the possibility to adapt

to the phenomena seen in standard multimode fibers.

According to [1], [2], [3], and other articles, the
number of modes that can be propagated by this type
of fiber depends on the radius of its core, as the
wavelength with which a beam of light is propagated
may or may not enter the fiber given this parameter.
This occurs when the propagation of the fundamental

mode LPO01 [1] takes place in any optic fiber.

As seen in [5], the intrinsic parameters used to
design fibers with fewer modes include the radius, the
index profile, and the fiber length [6][7]. In essence, the
radius of the core enables to modify the number of
propagated modes [3][8][9], the index profile also has
an effect over the number of modes and the index value
of the fiber; as such, the step-based nature of the
geometry can account for a higher number of modes
compared to its gradual counterpart [1] [10]. A higher
number of modes is also related to an increase in their
modal dispersion [11][12][13] and the distance travelled

by the modes to be transported [1].

The measurement of modes and signal quality in
optic fibers takes into consideration the attenuation,
dispersion, and latency of modes, among other
variables. Attenuation can significantly affect the
length with which a link can be established, and it
distance [14],

increases proportionally with the

. . . . d
meaning that the attenuation factor is measured in £

[3][8]. Dispersion is one of the most important factors

regarding the transmission of an information signal.

This factor is categorized into two types: modal and
chromatic. Modal dispersion is mostly present in optic
fibers that handle more than one mode, and chromatic
dispersion affects all fibers [3][8]. The latency between
modes is measured based on the propagation time of

the modes throughout a section of fiber [5].

2. Materials and methods

2.1. Propagation modes

When a fiber can tolerate numerous modes, it is
called a multimode fiber. The number of modes is given

by the normalized frequency [15] [10].

_ 2md

V= T\/n12 —-n? (1)

where d is the diameter of the fiber and A is the
wavelength of the optic fiber

Based on equation 1, the number of modes

propagated by a step-index fiber can be determined as:

The number of modes in a step-index optic fiber

can be determined through equation 3, The
dependance on the variable A is noticeable, since it

defines the geometry of the profile:

a’k,’A  (3)

a+?2

2.1.1. Index difference

The parameter A is defined as the difference
between the indexes of the core and the coating, where
the typical values of the multimode fibers vary between

1% and 3%, so the value of A is significantly lower than

1 [15][17].
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2.1.2. Wave number

It is the magnitude that represents the number of
cycles completed by the wave per distance unit. It is

calculated by dividing 2 m by the wavelength.
K= 2 [rad] c

In the field of physics, the wave number is a
parameter of the stationary wave equation (equation
6) that multiplies the position within the sinus
argument. It is a characteristic value of this type of

wave.

y = 24 sin(kyx) cos(wt) (6)

2.1.3. Alpha equation

The multimode fibers of gradual index can be
defined through equation 7, which can be used to
describe the geometric behavior of the core index in
terms of the variation of the radius through the core
(parabolic profile) [18], based on a constant value of
the fiber coating index. The fiber profile has a cone
shape when the parameter @ = 1and, when it is
parabolic, a is close to 2. For larger or infinity-tending
values of a, the profile describes the behavior of a step-

index fiber (Figure 1).

n, [1- 24 (Z)a

n(r) = i for r<a 7
mV1l—2A for r>a

Figure 1. Index profile for variations of a
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Source: own.

2.1.4. Optimal alpha

It is the condition in which the inferior and superior
modes reach time t = 0. According to the impulse
response (Figure 2) for different profiles with gradual

index (other than a) [19].

a=2(1—14) (8)

Figure 2. Relative delay in response to impulse in
multimode fibers [19].
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2.1.5. Propagation constant for guided

modes

A mode exists (propagates) when its propagation
constant remains between the value of the core index
and the coating index (equation 9). On the other hand,
the normalized propagation constant b [20] varies
between 0 and 1, in terms of the normalized frequency

(equation 1) [16].

Hence:
nk < f <nk (9
u2
b=1- 7z (10)
where:
u= R konlz - ﬂz (11)

2.2. Modal dispersion

Modal dispersion (or pulse expansion) is due to the
difference in the propagation times of light rays that
travel different trajectories in a fiber [18].

AT

p=2T_ M 13
—T—g[;] (13)

Source: [19][20]

3. Development of the model

For this work, a spiral dipole with a ground plane
that also acts as a reflector was selected, Figure 4, the
spiral dipole has an adequate electrical longitude and
the wide of the spiral can adjust a good impedance
match for the entire range form 2 MHz to 20 MHz.

The model proposed in this article involves two

equation systems (14 and 15) that depend on the core

refractive index, the parameter «, the core radius, the
propagated modes, the wavelength of the fiber, and the
constant of the speed of light.

The variables to be optimized were bandwidth and
array gain. Although in advance the array assumes
low directivity in the lower frequencies of 2 MHz with
gains close to 3dBi and a significant improvement in
the high 20 MHz being viable to expect values close to

12 dBi.

The resulting values were reached after interaction
47, as can be seen in Figure 3 with subsequent results
up to 100 being very similar, although it is not possible
to rule out models with better performance values such

improvements are not expected to be of importance.

Figure 4. SADEA optimization process numbers,
performed in MATALAB.

MaxBandwidth: Building Model

.
2

Source: own.

4. Spiral antenna and a reduced
ground plane for VIPIR results

From the optimization process, the wide, longitude
and other characteristics of the spiral antenna were
modified to find the best bandwidth and gain. Since
the height of the antenna above the ground plane is
related to the gain and directivity in special on lower
frequencies, the optimization process always sets the
height at the maximum of the available range. In this

case b m, the spiral design reaches a square of 20 m by
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20 m and the spiral arms reach 45 m each one, the

general aspect of the design can be seen in Figure 5.

Figure 5: Spiral antenna design for VIVPIR UD
obtained on MATLAB.

Arenons vPEUD

Source: own.

The gain of the design varies from 5 dBi on the
lower frequencies 2Mz to 9 dBi at 20 MHz.

Clarifying that in the lower frequencies, the front-
to-back ratio is 3dB. A radiation pattern set can be

seen in Figure 6.

Figure 6: Gain and radiation pattern on 6 MHz of the
VIVPIR UD array.
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The scattered parameter S11 or reflection
parameter behavior can analyze on Figure 7. The
design shows performance from 2MHz to 20 MHz, the
better the behavior the larger the magnitude of the

absorption on dB.

Figure 7. Scattered parameter S11 Vs frequency of the
designed VIPIR array on MATLAB.
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5. Discussion

The obtained antenna design does not effectively
cover the entire proposed range, at low frequencies due
to the dimensions of the design with wavelength.
Although it can operate from 2 MHz its most useful
operation is from 3 MHz and can be extended to the
entire HF band from 3 to 30 MHz. It was clear from
the design that the greater the separation from the
ground plane, the better its operation would be in the

lower part of the range.[18]

Current and upcoming work with the design
proposes ways to improve gain at low frequencies by
adding capacitive or inductive loads to extend the
electrical length of the spiral arms What can be
achieved with variations in the width of each arm but
with the implications of the effect of these loads on the
higher frequencies. We are also working on the
possibility of using a design for the range of 1 MHz to
5 MHz that complements the one presented here that
works very well from 3 to 20 MHz.

The design presented represents a feasible option
for the mounting of the ionospheric RADAR VIPIR
UD with an infrastructure of lower height above the
ground and with operational characteristics like the
antenna system traditionally used as a delta antenna
for VIPIR systems.

This antenna design results in an innovation for the
subject because so far in reviews on the subject we have

not had similar proposals in form or performance.

SADEA is an artificial intelligence (AI) tool
designed to enhance antenna design methods. It is
based on machine learning and evolutionary
computation techniques. This approach offers several
advantages, including improved optimization quality,
greater efficiency, enhanced generality, and increased
robustness. SADEA algorithm carries out global
optimization and employs a surrogate model built by

statistical learning techniques. The method to make

surrogate  modeling and  optimization = work
harmoniously is critical in such surrogate model-
assisted optimization methods. In SADEA, some ideas
of the surrogate model-aware evolutionary search
framework are borrowed, see [3] and [4]. SADEA uses
differential evolution (DE) as the search engine and
Gaussian process (GP) machine learning as the
surrogate modeling method applied as Al mechanism
to optimize EM design, devices, and conditions, has
been developed, and SADEA, as the multi-objective

tool is suitable for the synthesis of RADAR antennas.
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