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We report the generation of a spectrally tailored supercon-
tinuum using Fourier-domain pulse shaping of femtosecond
pulses injected into a highly nonlinear fiber controlled by
a genetic algorithm. User-selectable spectral enhancement
is demonstrated over the 1550–2000-nm wavelength range,
with the ability to both select a channel with target central
wavelength and bandwidth in the range of 1–5 nm. The spec-
tral enhancement factor relative to unshaped input pulses is
typically∼5–20 in the range 1550–1800 nm and increases for
longer wavelengths, exceeding a factor of 160 around 2000
nm. We also demonstrate results where the genetic algorithm
is applied to the enhancement of up to four spectral channels
simultaneously.
Published by Optica Publishing Group under the terms of the Cre-
ative Commons Attribution 4.0 License. Further distribution of this
work must maintain attribution to the author(s) and the published arti-
cle’s title, journal citation, and DOI.
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A supercontinuum is a versatile light source that has revo-
lutionized many applications such as imaging, spectroscopy,
and sensing [1,2]. The dynamics of supercontinuum gen-
eration is highly nonlinear and complex, especially in the
anomalous dispersion regime where the resulting spectral fea-
tures are associated with ejected soliton pulses, dispersive
waves generation, soliton self-frequency shift, and spectral
interference [1]. Although it is now routine to generate super-
continuum spectra with very broad bandwidths, obtaining a
desired spectral coverage with a large fraction of intensity
in particular wavelength bands is more challenging, often
requiring time-consuming trial and error experiments as well
as computationally demanding simulations. In this context,
attempts have been made to exploit the soliton self-frequency
shift to optimize the spectral intensity at a particular wave-
length by manipulating the input peak power of injected pulses
[3]. However, this approach is typically restricted to intensity
optimization at one wavelength and it also imposes limita-
tions on the injected power to ensure fundamental soliton
propagation.

Machine learning is showing great promise in enabling
“smart” control of light sources [4–6], and techniques such as

genetic algorithms (GAs) and neural networks have been applied
to actively control the complex dynamics and output charac-
teristics of pulses from fiber lasers [7–13], extra-cavity pulse
compression [14], and controlled spectral broadening in planar
waveguides induced by multi-pulse sequences [15]. In this paper,
we apply a genetic algorithm to the systematic optimization of
supercontinuum generation in a highly nonlinear fiber (HLNF),
focusing in particular on enhancing the spectral intensity in
narrow spectral channels with bandwidths of 1 nm and 5 nm,
selected arbitrarily over the wavelength range of 1550–2000 nm.
Our results could be of significant interest to optimize supercon-
tinuum for diverse application such as fluorescence microscopy
[16] or frequency metrology [17].

Our approach is based on computer-controlled Fourier-
domain spectral shaping to adjust the phase of femtosecond
pulses injected into a highly nonlinear fiber. Specifically, a
genetic algorithm optimizes the spectral phase of the input pulses
so as to maximize the spectral intensity in one or more desired
spectral channels. Note that this approach is similar to coher-
ent combining in the spatial domain and which can be used,
e.g., for the optimization of beam splitters [18,19]. For a single
target spectral channel, we quantify the spectral enhancement
resulting from the optimization as a function of the desired
central wavelength, and show that the technique works best
for longer wavelengths exceeding ∼1850 nm with enhancement
factors in the range of 10–160. We also show that the algo-
rithm can be adapted for multi-channel enhancement with the
simultaneous optimization of the spectral density in three and
four channels. We also describe the evolution properties of the
algorithm which shows rapid convergence to the desired target
regime in ∼20 generations for single-channel optimization, and
after ∼50 generations for the multi-channel case. These results
provide a further demonstration of the power of machine learn-
ing techniques in harnessing complex dynamical processes for
particular applications in photonics.

Figure 1 shows our experimental setup. The pump laser is
a fiber laser (NKT Photonics ORIGAMI) generating pulses at
1559.3 nm with 40.9-MHz repetition rate. The maximum laser
output power is 93 mW and the pulse energy is 2.2 nJ. The
pulses have a 200-fs duration (FWHM) and a bandwidth of 14
nm such that their time-bandwidth product is ∆τ ∆ν = 0.321,
close to the transform limit. The pulses then pass through a
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Fig. 1. Schematic of the pulse shaping apparatuses and the feed-
back loop from the genetic algorithm to the spatial light modulator
(SLM) placed in the Fourier plane of the 4-f system. Light is col-
lected after the pulse shaper and focused into a highly nonlinear
fiber (HNLF). The fiber output is coupled into an optical spectrum
analyzer (OSA, Yokogawa AQ6376) and the spectral intensity char-
acteristics are optimized by a genetic algorithm which controls the
spectral phase applied to the SLM.

standard 4-f Fourier-domain pulse shaper system (see Supple-
ment 1 for details) and focused into 5 m of highly nonlinear
fiber (Thorlabs HN1550-P). The coupling efficiency is 40%.
The fiber has nonlinear parameter γ = 10.8 × 10−3 W−1 m−1 and
near-zero group velocity dispersion at the pump laser wavelength
D = −1 ± 1 ps/(nm km). For ease of handling and coupling, the
highly nonlinear fiber was spliced to 15-cm standard fiber (SMF-
28) patchcords at each end. Note that each splice loss is less
than 1.2 dB, with nonlinearity and dispersion parameters of
γ = 1.2 × 10−3 W−1 m−1 and D = 16 ps/(nm km), respectively.

The spectral phase imposed by the SLM is controlled by
a genetic algorithm to enhance in target spectral channels
the intensity of the supercontinuum generated in the highly
nonlinear fiber. Note that evolutionary algorithms have been
previously applied for the optimization of femtosecond and
nanosecond laser pulses [16,20–29] and here, our approach is
specifically adapted to the optimization of the supercontinuum
characteristics.

The algorithm evolves a population of 50 individuals, each
individual specified by the five parameters of the system (genes).
The SLM phase function applied in the Fourier plane is given by
ϕSLM(ω) = c2(ω − ω)2 + c3(ω − ω0)

3 + c4(ω − ω0)
4, where the

three coefficients (genes) c2, c3, c4 quantify the spectral phase
contributions up to fourth order (quartic), and the central fre-
quency of the phase pattern ω0 constitutes a fourth gene. In
addition, a fifth gene can be optimized to control the overall
system throughput and hence the input power injected into the
fiber. This is achieved by applying a phase ramp to the SLM in
the direction orthogonal to the grating dispersion and tilting the
beam. The angular tilt decreases the light coupling efficiency to
the fiber [30].

Starting from an input generation of randomly selected genes,
we compute for each individual a fitness function [31]. In the
case of single-channel optimization, this fitness function cor-
responds to the integrated spectral intensity around a specific
target wavelength and over a specified bandwidth: S =

∫
I(λ)dλ.

The individuals in the subsequent generation are then selected
using standard techniques of elitism (5%), crossover (9%), and
mutation (8%). This process evolves through multiple genera-
tions until convergence is reached and there is no significant
further improvement. The “best” individual is then retained as

the algorithm output. Note that for speed of execution, the fit-
ness function during the optimization steps for each individual is
computed by scanning over a limited bandwidth of 30 nm around
the target channel and the full spectrum is recorded only upon
convergence. The implementation was done using the Global
Optimization toolbox from MATLAB and optimization takes
typically 25 minutes per wavelength optimization.

Figures 2(a) and 2(b) show typical results targeting spectral
optimization at 1900 nm and for target bandwidths of ∆λ = 1
nm and ∆λ = 5 nm, respectively. More specifically, Figs. 2(a)
and 2(b) plot in blue the HNLF output supercontinuum spec-
tra without optimization (i.e., using only the unshaped pulses)
and with GA optimization (red and purple). The insets show the
optimized spectral phase profile. Corresponding temporal pro-
files are shown in Supplement 1. The GA-optimized results were
obtained after 50 generations. When comparing Figs. 2(a) and
2(b), it is clear that, although the optimized spectra are differ-
ent over the range 1500–1800 nm, the intensity characteristics
around the target wavelength of 1900 nm are similar [with a
spectrally broader feature in Fig. 2(b) as expected].

We repeated the optimization procedure above for target chan-
nels in the full range of 1550–2000 nm scanned in increments
of 50 nm (and again for bandwidths of ∆λ = 1 nm and ∆λ = 5
nm). It is convenient to quantify the optimization results here
by defining a spectral intensity enhancement factor η = Sf /Si,
where Sf and Si are the optimized and unoptimized spectral
intensities (i.e., with no phase applied and c2 = c3 = c4 = 0)
integrated over the target bandwidths, respectively. Figure 2(c)
plots the enhancement factor as a function of target channel
for bandwidths of ∆λ = 1 nm (red) and ∆λ = 5 nm (blue). The
algorithm yields excellent performance with greater than 20×
enhancement above 1800 nm. The results for both bandwidths
show a similar trend. The improved performance at longer wave-
lengths is attributed to the fact that the particular spectral feature
that is being optimized here is a distinct Raman-shifted soli-
ton pulse which is separated from the more modulated spectral
features closer to the pump.

For multi-wavelength optimization, we need to define a more
complex fitness function that favors the enhancement of spectral
characteristics at a number of different wavelengths simultane-
ously (see Supplement 1 for details). Figures 3(a) and 3(b) show
results of the optimization for three (1550 nm, 1750 nm, and
1850 nm) and four channels (1600 nm, 1700 nm, 1800 nm,
and 1850 nm) simultaneously. Note that the wavelengths were
selected arbitrarily for illustration purposes. The GA evolution
reveals that the regime of convergence is reached rapidly in less
than 20 generations when only a single channel is optimized,
although the precise evolution for any particular experiment
does depend on the initial genes that are selected randomly.
For multi-channels optimization, between 30 to 40 generations
were found to be typical to enter into the optimal regime. See
Supplement 1 for a more detailed study.

The particular choice of pump laser (central wavelength,
duration) and nonlinear fiber characteristics (dispersion, nonlin-
earity, and length) significantly influences the supercontinuum
generating dynamics and determine the extent of spectral tuning
that can be achieved. It is then important to bear in mind that
achieving an arbitrary user-defined supercontinuum spectrum
may not be possible for a fixed number of user-controlled param-
eters. Yet, the experiments reported here show that the strong
dependence of the supercontinuum features on the input phase
parameters applied before propagation into a highly nonlinear
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Fig. 2. (a),(b) Plot of the HNLF output spectra in logarithmic scale without optimization (i.e., generated by unshaped pulses with
c2 = c3 = c4 = 0) in blue, and the HNLF output spectra with GA optimization for bandwidth of ∆λ = 1 nm and ∆λ = 5 nm in red and purple,
respectively. The spectra are normalized with respect to the maximum spectral intensity recorded over the measurement series. The insets
show the optimized phase profile. Corresponding coefficients (see text) are c2 = 5.81 10−27s−2, c3 = −6.6 10−41s−3, c4 = −2.43 10−56s−4 in
panel (a) and 5 nm c2 = 5.88 10−27s−2, c3 = −8.359 10−41s−3, c4 = −1.159 10−55s−4 in panel (b). (c) Spectral intensity enhancement factor
versus wavelength for single-channel optimization and bandwidths of ∆λ = 1 nm (red) and ∆λ = 5 nm (purple).
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Fig. 3. Optimization of multiple spectral channels simultaneously: (a) at 1550 nm, 1750 nm and 1850 nm; (c) at 1600 nm, 1700 nm, 1800
nm, and 1850 nm. (b),(d) Zoomed regions of the spectrum. Both figures show the spectrum before (blue) and after optimization by the GA
(red). Note that the spectrum before optimization can slightly change due to fluctuations in the pump laser power. The red rectangles indicate
the position of the optimized spectral channels.
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fiber can be efficiently exploited for significant spectral inten-
sity enhancement at an arbitrary single channel and for multiple
combinations of different channels with a genetic algorithm in
less than 30 minutes. Of course, the optimization of specific
combinations of spectral channels may yield varying degrees
of enhancement, due to the underlying generating supercontin-
uum dynamics. Our results here were demonstrated over the
1550–2000-nm range, limited by the optical spectrum analyzer,
but one can in principle extend the wavelength range.

A significant benefit of the genetic algorithm is that it can
compensate for small variations (of the order of a few % in the
input pulse parameters due to, e.g., laser drift) through the muta-
tion coefficient, which introduces random coefficients at each
generation. However, in the case of more significant changes
such as, e.g., misalignment, the algorithm needs to be re-run
to effectively adapt to the modified input conditions. Finally,
although here we have used a genetic algorithm showing excel-
lent performance, previous studies have shown that other search
algorithms could also be employed [15,18]. Our results open
up novel perspectives for light sources with on-demand spectra
tailored to specific applications.
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