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Real-time intelligent mode-locked fiber laser (MLFL).
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Human-Like Algorithm 
for Passive MLFL

The passive mode-locked fi ber laser (MLFL) 
is utilized frequently for industrial appli-

cations and scientifi c research, because of its 
simple structure and the high quality of the 
output pulse train. Nonlinear polarization evo-
lution (NPE), with its rich nonlinear dynamics, 
is the most att ractive approach for implement-
ing a passive MLFL. However, the operating 
status of NPE-based passive MLFL is closely 
related to polarization. That makes these lasers 
extremely vulnerable to environmental distur-
bances, limiting their widespread application. 
In work this year, our group developed an algo-
rithm with human-like intelligence that can 
address this problem and expand applications 
for passive MLFLs.

Several studies have already explored 
approaches for automatic mode-locking, 
employing evolutionary algorithms, genetic 
algorithms, and deep-learning techniques.1–4

However, these algorithms rest on logic that 
is completely different from the logic that 
humans bring to the mode-locking tuning 
process, so the tuning effi  ciency is quite low. 
Instead, these implementations spend exces-
sive time on automatic mode-locking, and they 
cannot recover from detachments quickly. The 
automatic mode-locking time in several of 
these studies is around 30 minutes.1,3 A long 
mode-locking time and a long recovery time 
from disturbances limit practical applications 
in engineering.

Our study used a human-like algorithm 
(HLA) to experimentally demonstrate a real-
time, intelligent MLFL that can automatically 
lock on and switch to fundamental mode-locking 
(FML), harmonic mode-locking, Q-switching, 
and Q-switched mode-locking regimes.5 The 

HLA combines human logic with machine 
speed and computing capability. In particular, 
the HLA is endowed with human-like intel-
ligence to guide the laser to quickly lock onto 
various regimes and to quickly recover from 
detachments.

Under the HLA approach, the shortest mode-
locking time from free running to the FML 
regime was a mere 0.22 s—400 times shorter 
than the shortest initial lock time reported to 
date.2 The HLA’s fastest recovery from vibra-
tion-induced detachment (via random collision 
recovery) takes 14.8 ms, some 2,000 times shorter 
than the previously reported shortest recov-
ery time.2 The fast recovery time is extremely 
important for guaranteeing the long-term sta-
bility of the MLFL and protec ting subsequent 
devices from damage.

We believe that the intelligent MLFL demon-
strated this year could represent a breakthrough 
in the fi eld of mode-locking fi ber lasers, and 
may let NPE-based MLFL fi nd real applications 
in both industry and scientifi c research fi elds. It 
also constitutes an example of how artifi cial-intel-
ligence techniques can improve the performance 
of optics. OPN


