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"NeuroFalcon" — Neurotechnology for Fast
Assessment of Loss-of-CONsciousness

Final Scientific Report

PI: Dr. Oren Shriki
Dept. of Cognitive and Brain Sciences, Ben-Gurion University of the Negev, Israel

This report is not very different from the one submitted during Nov. 2016, at the end of the
first year. Due to obstacles with the IRB approval (related to the FWA), the project did not
receive budget for years 2 and 3.

We developed codes for applying two metrics of signal complexity, which are expected to be
highly informative about the state of consciousness?.:

1. MSE — Multi-Scale Entropy??
2. LZC-Lempl-Ziv Complexity>*®

However, to test the utility of these metrics for G-LOC detection and apply statistical tests,
we first need to obtain several datasets of EEG during G-LOC. We will be happy to
collaborate on existing G-LOC EEG data from past experiments that were performed at the
AFRL (this could be done under the recent data-exchange agreement between the USAF and
the 1AF).

We collected EEG data from 9 subjects at Brooks City Base. Three subject experienced G-LOC
and one subject experienced A-LOC. Below we show results from one subject, who
experienced G-LOC after ~8 seconds at 9G. Figure 1 depicts the original EEG (blue) and a
low-pass filtered version (red) in 16 electrodes. Increased activity in the delta band is
detected around 3 seconds prior to the G-LOC event in almost all electrodes.

To obtain a better resolution for the instantaneous changes in delta waves, we performed a
wavelet-based time-frequency analysis (Fig. 2). This analysis better highlights the relevant
spectral changes, as evident in electrodes C4 and PO7. The analysis also suggests that these
electrodes may be more informative about G-LOC than others, which may prove useful for
future applications in pilot helmets.

One limitation of the aquired data is related to the synchronization between the video and
the EEG signal. Precise synchronization was hard to achieve, limiting the interpretation of
other datasets. An important lesson was to take care for a more accurate synchronization.
Indeed, using internal budgets, we recently traveled with IAF cadets to a centrifuge facility in
Germany and using a dedicated camera we manged to collect synchronized video-EEG.

My lab still continues to work on this project and we are now in the process of trying to
obtain other sources of funding. We also know that BGU is in the process of obtaining FWA,
which could allow the continuation of this project under Federal funding in the future.
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Figure 1: EEG signal prior to G-LOC. Blue: Raw EEG signal, Red: EEG signal after low-pass
filtering at 3 Hz in order to highlight the low frequency activity. The 0 time-point represents
the G-LOC event.
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Figure 2: Wavelet time-frequency analysis for highlighting changes in the low frequency
components prior to G-LOC. Increased activity in the range of 1-2 Hz is detected 3 seconds
prior to the G-LOC event.
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