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1/f Characteristic in Natural Signals and Sensory Neural Response Properties

FAN BoQiang, HE YuJia & YU YuGuo

School of Life Science and the Collaborative Innovation Center for Brain Science, Center for Computational Systems Biology, Fudan University,
Shanghai 200438, China

Abundant experimental evidence has shown that sensory neurons process natural signals more efficiently than
artificial signals. Although this is understandable based on evolution, it remains unclear which types of intrinsic
signal properties of natural signals are used by the brain to “adapt” and make processing efficient. What type of
signal parameters stimulate neuronal or network functions to their maximal performance? The answer might be
critical for understanding the operating principle of brains and important for the development of artificial
intelligence. Correspondingly, it is well-known that the 1/f characteristic (or long-term correlation) is a common
feature in the power spectra of natural signals. The power spectral density P(f) of a natural signal (for example, the
temporal luminance variation in natural scenes, velocity of ocean waves, loudness of natural sounds, variance of
heart-rate, spontaneous neuronal activity, etc.) typically decreases in power as frequency increases, showing a
mathematical relationship as P(f) ~1/f® (where p = 1). Although the physical mechanism of the generation process of
the 1/f characteristic remains unclear, it is important to investigate how the nervous system produces a response to
signals with 1/f characteristics and how the brain electronic activity formulates 1/f-type signals. This information
may be fundamentally relevant to understanding the neural mechanism of information processing and signal
representation. This paper will review the theoretical and experimental progress related to this issue.

1/f noise, statistical property, natural signal, visual system, neural information processing
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