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Fig. 1. Typical samples corresponding to different noise levels that are generated by numerical simulations. In every sample, each of
the circular markers represents a single self-propelled particle in the two-dimensional space, with their spatial distribution represent-
ing the instantaneous spatial distribution of self-propelled particles, and their color distribution representing the instantaneous an-
gular distribution of directions of motion of these self-propelled particles. Among the samples shown here for instance, the five

samples in the left are in the flocking phase, and the rightmost one is in the disordered phase.
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Fig. 2. Inverse statistical problem in a self-propelled active particle system: (a) Noise level dependence of the system’s global group
velocity, whose jump at 7mc = 0.626 & 0.006 characterizes the first-order flocking phase transition; (b) noise level dependence of the
reconstructed noise level predicted by the well-trained ANN. The error bars represent the regression uncertainty U(n) , and the di-

agonal line represent the ideal regression result nr=mn.
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Fig. 3. Revealing the flocking phase transition of self-propelled active particles via applying three different machine learning ap-

proaches: (a) The LFRU approach; (b) the “learning by confusion” approach; (c) the “learning with blanking” approach.
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Abstract

We develop the neural network based “learning from regression uncertainty” approach for the automatic
detection of phases of matter in nonequilibrium active systems. Taking the flocking phase transition of self-
propelled active particles described by the Vicsek model for example, we find that after training a neural
network for solving the inverse statistical problem, i.e. for performing the regression task of reconstructing the
noise level from given samples of such a nonequilibrium many-body complex system’s steady state
configurations, the uncertainty of regression results obtained by the well-trained network can actually be
utilized to reveal possible phase transitions in the system under study. The noise level dependence of regression
uncertainty is assumed to be in a non-trivial M-shape, and its valley appears at the critical point of the flocking
phase transition. By directly comparing this regression-based approach with the widely-used classification-based
“learning by confusion” and “learning with blanking” approaches, we show that our approach has practical
effectiveness, efficiency, good generality for various physical systems across interdisciplinary fields, and a greater
possibility of being interpretable via conventional notions of physics. These approaches can complement each
other to serve as a promising generic toolbox for investigating rich critical phenomena and providing data-
driven evidence on the existence of various phase transitions, especially for those complex scenarios associated
with first-order phase transitions or nonequilibrium active systems where traditional research methods in

physics could face difficulties.
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