A SpatioTemporal Rogue Wave Generator

Sai Venkatesh Balasubramanian
Sree Sai Vidhya Mandhir, Mallasandra, Bengaluru-560109, Karnataka, India
saivenkateshbalasubramanian@gmail.com

Abstract:

Rogue Waves are highly unstable waves extremely localized in space and time, appearing from nowhere
and disappearing without leaving a trace. The observation of such waves in oceanography has led to
increased interest in the physics community where optical rogue waves generated using microstructured
fibers are studied for their interactions and the underlying physical phenomena. In the present article, an
extremely simple rogue wave generator is proposed, where a hyperbolic secant based temporal profile
evolves according to a hyperbolic secant square spatial profile. The derivative of this spatial profile gives
the spatial evolution equation, and this is implemented using FPGA. It is seen that a single rogue wave
exponentially rising to its peak amplitude at mid time instant and then quickly decaying is formed. The
extremely simple signal-oriented design of rogue wave generator, effectively capturing the spatial and
temporal propagation properties of such rogue waves, coupled with the potential applications it enables
using the generated electrical rogue waves forms the novelty of the present work.
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1. Introduction

Rogue Waves, also called Freak Waves, are large, spontaneous, surface waves threatening ships and
ocean liners in the far out in open water, and are thus the stuff that make up maritime folklore [1-2].
Distinct from tsunamis, which are massive displacements of water, rogue waves were often considered
mythical and lacking in evidence until the “Draupner Wave” incident in 1995, where a rogue wave of a
maximum height of 25.6 meters was observed in the North Sea [3-5]. The distinguishing property of a
rogue wave is that it lasts very briefly in time in a very limited region in space, essentially appearing from
nowhere and disappearing without leaving a trace [2].

A plethora of mechanisms have been suggested explaining rogue wave phenomena, including diffractive
focusing, shoaling due to focusing of currents, thermal expansion, wind waves and nonlinear effects such
as modulational instability causing an unusual, unstable wave to suck the energy from nearby waves,
growing quickly to a monster and collapsing soon after [5-10]. In the last case, rogue waves are seen as
the spatiotemporal solutions of the Nonlinear Schrodinger Equation, which has also known to give
tsunami-like solutions, called solitons [11-12].

The observations of rogue waves have stirred up interest in the topic within the physics community,
where microstructured optical fibers studied near thresholds of modulational instability based soliton-
supercontinuum generation have given rise to rogue wave phenomena [13]. These waves have been
associated with another solution of the Nonlinear Schrodinger Equation, termed the Peregrine Breather,
which differs from a conventional soliton in that it possesses a double spatio-temporal localization, with



the peak intensity at maximum compression as much as nine times stronger than the surrounding
background [14-15].

In the present work, a spatiotemporal rogue wave generator is proposed and implemented using Field
Programmable Gate Array (FPGA). Specifically, an initial time-varying hyperbolic secant signal (sech(t))
is considered, and a spatial evolution profile representing a hyperbolic sceant square (sech?(x)) is defined.
By differentiating the spatial profile, a spatial evolution equation is obtained. This is implemented using
FPGA, and the surface plot is obtained, illustrating the occurrence of a single rogue wave, with minimal
trace. The extreme simplicity of the proposed rogue wave generator coupled with the immense potential
of applications using electrical rogue waves thus enabled forms the novelty of the present work.

2. Results and Discussion

As a starting step of the proposed rogue wave generator, a temporal hyperbolic secant function is defined
as follows:

A(t) = Aysech (%) 1)

where A, denotes the peak amplitude and S and W denote the pulse shift (time offset) and width
(measured at half-peak value) respectively. This signal represents a bell-shaped curve and is plotted in
Fig. 1.
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Figure 1 The Hyperbolic Secant Signal

The next step is to define a spatial profile that determines how the temporal signal A(t) evolves during
propagation. A one-dimensional space consisting of the x direction alone is considered, and the spatial
profile C(x) is given as a hyperbolic secant square function.

C(x) = sech? (%) 2

with 4 and €2 denoting the spatial offset and localization respectively. The choice of hyperbolic secant
square function is due to the fact that this spatial profile enables the temporal signal to start off extremely
small, grow up exponentially in a localized space corresponding to the central region of C(x), and decay
rapidly to a very negligible value. For this purpose, the value of A, is set to an extremely small amplitude
of 0.01.

The space derivative of C(x) yields C’(x), which can be discretized to obtain C’(i)=C(i+1)-C(i), which
when rewritten as C(i+1)=C(i)+C (i), gives the spatial evolution equation as follows describing the



relation of the output at each spatial point i+1 in terms of the corresponding value at the previous spatial
point i.

C(i+1) = C(0) - 5 tanh (%) sech? (%) (3)

This spatial evolution equation is implemented using the Altera Cyclone 2 FPGA, where ‘space’ and
‘time” is discretized to 200 cells each, with the peak of A(t) being launched at x=100 during t=1.

The evolution of the signal through space and time is obtained as a spatiotemporal surface plot, shown in
Fig. 2.
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Figure 2 Spatiotemporal Evolution of the Rogue Wave

It is seen from the plot that the signal starts off as an extremely small, almost negligible blip at x=100
during t=0. With the passing of time, the signal then propagates leftwards towards x=200, and reaches its
peak at around x=150, during t=100. Following this, the signal soon decays and reaches x=200, t=200 as
a small negligible blip.

Thus, it is seen that the spatial and temporal propagation properties of a rogue wave are successfully
captured in this extremely simple spatial evolution equation given by Eqg. (3), which fulfills theobjective
of the present work.

3. Conclusion
The observation of rogue wave phenomena in oceanographic waves has caused considerable interest in
optical community regarding the simulation of such waves using optical fibers to study their properties. In
this context, the present work proposes, designs and implements an extremely simple spatiotemporal
rogue wave generator whose starting step is a hyperbolic secant based temporal signal. Following this, a
hyperbolic secant square spatial profile is formulated, whose derivative is seen to yield the spatial
evolution equation. The implementation of this design is carried out using FPGA, and it is seen that the
surface plot depicts a single rogue wave starting as a small blip during the initial time instant and
exponentially crescendoing to a peak at mid time instant, followed by a rapid exponential decay of



amplitude back to the small blip. Thus, the spatial and temporal propagation aspects of rogue waves have
been reproduced using a spatiotemporal generator whose extreme simplicity of design coupled with the
plethora of potential applications thus opened up using electrical rogue waves forms the novelty of the
present work.
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