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Abstract: In this study, electrocorticographic (ECoG) data collected from eight subjects was analyzed to obtain the
spatiotemporal dynamics of the correlations between the high gamma band (70-170 Hz) and the mel frequency
cepstral coefficients (MFCC), an important set of speech features used for vowel and word recognition in Automatic
Speech Recognition systems. Significant correlations were found between the high gamma band and the mel
frequency cepstral coefficients, which resulted in activations in the expected language-related brain areas. Subjectspecific spatial linear regression models were then determined to predict the mel frequency cepstral coefficients
from the high gamma band power.
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1. Introduction
High gamma activity from ECoG signals has been found to be highly correlated with speech and motor
movements in humans. There have been numerous studies investigating cortical activity using ECoG during various
speech tasks to identify and characterize the areas of the cortex most involved in speech production and perception
[Crone et al., 2001; Towe et al., 2008; Edwards et al., 2010; Pei et al., 2011; Leuthardt et al., 2012], and even
decoding of speech from brain activity [Pasley et al., 2012; Blakely et al., 2008; Kellis et al., 2010; Pei et al., 2011].
In automatic speech recognition systems, well-defined features can be extracted from speech signals to aid in the
classification of phonemes, vowels, consonants, and words. A popular set of features used for automatic speech
recognition (ASR) are the mel frequency cepstral coefficients (MFCCs) [Vergin et al., 1999], which are a
parameterization of the spectral content of speech based on perceptual characteristics of human hearing. By
parameterizing the speech spectrum using MFCCs, we accomplish two goals: 1) the speech content dimensionality
is effectively reduced to the critical acoustic components and 2) the lower dimensionality aids statistical modeling
(by alleviating data size demands) and future applications for ECoG-based speech prostheses. The aim of this
analysis is to determine the extent to which high gamma band activity from ECoG is correlated with the MFCCs
extracted during concurrent speech. We additionally developed spatial linear regression models for predicting
MFCCs from the ECoG gamma band as a step toward neural speech decoding.

2. Material and Methods
ECoG activity was recorded during an overt speech task from eight epileptic patients. The number of electrodes
per patient ranged from 58-120. For the task, each subject was presented with scrolling text on a computer monitor
which they spoke aloud. The ECoG and speech signals were simultaneously recorded at a sampling rate of 9600 Hz
using g.USBamps and BCI2000 software. The data was analyzed as follows: (i) Gamma power envelope: The ECoG
signals were highpass filtered with a cutoff frequency of 0.01 Hz and re-referenced using a common average
reference (CAR) montage. The resulting signals were lowpass filtered and decimated to 400 Hz. A zero-phase FIR
filter was applied to the signals to extract the gamma band activity (70–170 Hz; excluding a window of 116–124 Hz
to avoid power line interference). The gamma band power envelope was computed using the Hilbert transform. (ii)
MFCCs: The speech signal was divided into overlapping frames of length 256 samples, each of which was then
windowed by multiplying it with the Hamming window. The powers of the obtained spectrum were mapped onto
the mel scale, a transformation that accounts for non-linear pitch perception. The logarithm of the power was then
computed from the spectrum and the discrete cosine transform taken from 12 mel frequency bands. The amplitudes
of the resulting spectrum are taken as the twelve MFCCs. (iii) Correlations: The spatiotemporal correlations between
the gamma band powers (decimated to 20 Hz to match the MFCCs) and the MFCCs were then obtained at temporal
lags between -300 ms and 300 ms. The silence periods were removed from the MFCCs and the corresponding
lagged gamma signals prior to computing the correlations. Spatial linear regression models were computed to
predict the twelve MFCCs from the gamma band power envelopes at zero lag. The p-values for the correlations were
computed using a randomization test.
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3. Results
With modeling, 66.67% of the correlations were statistically significant after Bonferroni correction. No clear
modeling trends were apparent across MFCCs or subjects. Fig. 1 shows the –log (p) values of the spatial correlations
between the high gamma band (70–170 Hz) power envelope and one of the representative MFCCs (MFCC 3), at
lags from -300 ms to 300 ms, and the comparison of the actual MFCC 3 and the predicted MFCC 3 using spatial
linear regression for one of the subjects (Subject H).

Figure 1. (A)The spatiotemporal topography of statistically significant gamma-power correlations to MFCC 3 across the entire
overt speech production task are shown in 100 ms increments. Color values represent the –log(p) of the correlation.
The lower limit is based on statistical significance assessed after a p = 0.05 Bonferonni correction. (B) Blue:
Representative time course of MFCC 3 for Subject H. Red: The prediction of MFCC 3 obtained from the linear
spatial gamma power model. The Pearson correlation between the two signals over the entire run (178 s) is ρ = 0.55.

4. Discussion
The results indicate that gamma band power over language-related cortical areas is significantly correlated with
MFCCs, perceptual representations of speech. Simple linear spatial models can be used to further enhance the
correlations between the gamma activity and the MFCCs. By representing MFCCs using the ECoG signal, a more
robust speech representation is utilized as compared to a simple speech power envelope feature or filter bank
features that are not perceptually based. MFCCs predicted using our spatial linear regression model can further be
used for real-time resynthesis of speech signals. This work develops a natural extension of automatic speech
recognition techniques to neurological data, and provides a step toward a neural speech prosthesis.
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