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ABSTRACT
Much of our understanding in human neuroscience has been in-
formed by data collected in pre-designed and well-controlled ex-
perimental tasks, where timings of cues, stimuli, and behavioral
responses are known precisely. Recent advances in data acquisi-
tion have enabled us to collect longer and increasingly naturalistic
brain and behavior recordings. Analyzing the neural correlates of
spontaneous behaviors from such unstructured, long-term, and
multi-modal data with no a priori experimental design remains very
challenging.
We describe a behavior-mining centered approach that robustly

uncovers scientifically interesting instances of naturalistic human
upper-limb movements in large-scale behavior data (≈18 million
video frames/patient per week of observation) using algorithms
from computer-vision, time-series segmentation and string pattern-
matching. In particular, we use pose estimation algorithms to extract
human arm pose trajectories (Fig. 1) and then segment these tra-
jectories in time using unsupervised latent-variable (Fig. 2) models.
Our pose tracking and segmentation is robust to variation in light-
ing, camera angle, and level of activity in the video. Interestingly,
having a discrete sequential representation of pose (Fig. 3) allows us
to simplify the problem of detecting interesting behavioral events to
that of regular-expression based pattern matching on strings. Our
approach also extracts additional behavioral metadata associated
with the movement events, such as reach angle, magnitude, and
duration. Lastly, we uncover neural correlates associated with the
events by analyzing the simultaneously recorded human electro-
corticography (ECoG) brain recordings; these naturalistic neural
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Screenshot showing tracked keypoints

Fig. 1. [Left] Estimated pose trajectories for a short video clip. [Right]
Anonymized video screenshot from clip showing tracked keypoints.

Dynamics segmentation on L_wrist: ARHMM 

Bishop, 2006, PRML

Fig. 2. Autoregressive Hidden Markov Model with two discrete latent states
segments left-wrist’s pose dynamics with high temporal precision.

Fig. 3. [Left] Raster plot of latent state trajectories for several videos enables
visualization at scale. [Right] Polar histogram of rest-to-movement events
extracted by pattern matching on the raster on the left.

correlates further corroborate results from traditional, controlled
experiments.
In summary, we demonstrate a highly automated alternative

workflow for analyzing simultaneously recorded human brain and
behavioral video data. Our pipeline has the capability of generating
an order of magnitude more events compared to the traditional
controlled laboratory experiment paradigm. This substantial ex-
pansion in training data could potentially improve the accuracy of
brain-computer interface decoders and make them more robust to
variability when deployed in real-world scenarios.
Acknowledgements: This workwas funded byNSF award (1630178)
and DOD/DARPA award (FA8750-18-2-0259) to BWB and RPNR,
and by NSF award EEC-1028725 to RPNR.

, Vol. 1, No. 1, Article . Publication date: June 2019.

https://doi.org/10.1145/nnnnnnn.nnnnnnn
https://doi.org/10.1145/nnnnnnn.nnnnnnn

