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Abstract: The neural decoding is a procedure that uses spike trains fired by neurons to estimate features of original
stimulus. This is a fundamental step for understanding how neurons talk each other and, ultimately, how brains man-
age information. In this paper, the strategies of neural decoding are classified into three methodologies: rate decoding,
temporal decoding, and population decoding, which are explained. Rate decoding is the firstly used and simplest
decoding method in which the stimulus is reconstructed from the numbers of the spike at given time (e. g. spike
rates). Since spike number is a discrete number, the spike rate itself is often not continuous and quantized, therefore
if the stimulus is not static and simple, rate decoding may not provide good estimation for stimulus. Temporal decod-
ing is the decoding method in which stimulus is reconstructed from the timing information when the spike fires. It
can be useful even for rapidly changing stimulus, and our sensory system is believed to have temporal rather than
rate decoding strategy. Since the use of large numbers of neurons is one of the operating principles of most nervous
systems, population decoding has advantages such as reduction of uncertainty due to neuronal variability and the abil-
ity to represent a stimulus attributes simultaneously. Here, in this paper, three different decoding methods are intro-
duced, how the information theory can be used in the neural decoding area is also given, and at the last machine-
learning based algorithms for neural decoding are introduced.

Key words: neural decoding, spike trains, rate decoding, temporal decoding, population decoding, infor-

mation theory, and machine-learning
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Fig. 2. Reconstructions of the stimulus waveform (heavy
lines) together with the actual waveform (thin lines) for 2
sec time window. The reconstructions are made on the basis
of combined neural responses, symbolized by the small
vertical bars at the bottom of (a), during two opposite
phases of the stimulus. In the reconstruction, we assume
that (a) single spikes, (b) spike pairs or (c) spike triplets are
generated independently [5].
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Fig. 3. Decoder result summary for machine-learning based
algorithms.

R? values are reported for all decoders (different colors)
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the mean +/~ SEM across cross-validation folds. X’s
represent the R2 values of each cross-validation fold [10].
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