
Overview

• Goal: Identify signals of interest in time-series
that are contaminated by erroneous segments.

• Challenge: The start and duration of the signals
of interest are difficult to determine.

• Proposed a framework that can robustly
identify the signals of interest from time series,
which combines RANSAC method and HMM
for joint identification and classification.

• Provided empirical evidence obtained on both
synthetic and human brain ECoG data that
proposed framework improves identification
and classification quality.

Our Contribution

Phase II. Classification

𝐶 classes of signals.  𝑘 = argmax
𝑘

𝑃(𝐘|𝜃𝑘)

B. Results on ECoG data

• Determine 𝑆 based on 𝑝 and 𝜖, given 𝐾 = 10.

• No groundtruth of segmentation available.
Evaluate classification accuracy.
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Methods

Phase I. Identification

Probability of  successful identification: 𝑝

Number of selections: 𝑆 =
ln(1−𝑝)

ln 1− 1−𝜖 𝐾 (Eq. 2)

Likelihood sum: 𝐿𝑠 =  𝑖 𝑙𝑖
𝑠, 𝑠 = 1, … 𝑆 (Eq. 3)

HMM is learned using EM algorithm.

• Synthetic data: three classes of univariate time
series with different waveforms.

• ECoG signal: high resolution and high signal
noise ratio in both space and time. Important
for brain computer interface (BCI) application.

• Human motor control task: Hold joystick to
move cursor on the screen to hit a virtual target
located in one of eight possible locations.

• Feature extraction: From two channels that
cover motor cortex, perform spectrum filtering
followed by Hilbert transform to obtain
envelope features from 𝛾 band (70-170 Hz).

Conclusion

• By evaluating on synthetic data for both
identification and classification, the proposed
method can robustly identify the signals of
interest from erroneous corrupted sequences.

• Using proposed robust identification, we
improved the classification accuracy of motor
signal pattern in ECoG data despite the
uncertainty of temporal location of the signals.

• For future work, we plan to extend this method
to analyze ECoG data from multiple regions of
recordings for the same task to gain more
insights on how brain signals propagate
between different brain regions over time.

Data

Problem Statement

• Notation: Sequence 𝑋𝑡 , 𝑡 = 0, … 𝐿 − 1 contains
signals of interest {𝑋𝑎, … , 𝑋𝑎+𝑁−1} with start
time 𝑎 and duration 𝑁.

• Assumption: signals of interest consists of
consecutive samples with duration 𝑁 ≥ 0.5𝐿 .
Signals from same class share similar dynamic
pattern.

• Goal: estimate 𝑎 and 𝑁 for given sequences.

A. Results on synthetic data

• Average log-likelihood per subsequence

• Identification quality

• Classification accuracy with different methods

Experiments


