SYNCHRONOUS STEREO-VIDEO AND BIOSIGNAL RECORDING -

We report on the development of a data acquisition system intended to be
used in Human-Computer-interfacing applications to synchronously record
upper limb movement and corresponding biosignals. Ultimately, this aims
at the clinical recording of ECoG signals from awake patients undergoing
tumor resection.

In addition to the standard cortical mapping performed by strip electrodes ,
the awake patient could perform an easy movement task, while at the
same time his local cortical field potentials are recorded [1] .

The paradigm under investigation is the correlation between hand-grasp
movements and its generating brain activity.

For that purpose stereo-video camera frames are used to detect and
triangulate hand and finger positions in three dimensions with high
precision and least possible disturbance for the following surgery, while at
the same time a DSP-based 32-channel board acquires wideband

biosignals.
SETUP

In order to achieve the least disturbance possible in the actual clinical
setting, we developed a stereo-camera based, markerfree system for
handtracking.
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- HAND DETECTION.

Due to the limitations given by the intended application in the operating room we
chose to avoid marker-based hand detection. Therefore we used markerfree
handtracking based on hand segmentation in real time. We currently restrict the
camera background to a static single colored one. Additionally we search for the
palm in a plane parallel to the image plane of the cameras.
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Cross section trough binary
image defines finger positions.

Small blue dots: edges of the fingers,
middle of the fingers. Big blue dots:
estimation of fingertips

Estimation of fingertips:

Peaks in the grayscale profile's derivative give the location of the finger's edge,
whereas a position in between belongs to the finger itself. A line connecting central
finger positions of two profiles directs to the fingertip position.
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RESULTS

As proof of concept we recorded EMG
signals (digital flexor muscle) correlated
to a hand-grasp movement. The EMG
signals of the volunteers main arm
muscles were intercepted by self
adhesive electrodes.

The recordings are synchronized via
high resolution system timestamps..

Precision of hand detection depends on
the optical and geometrical setup and =
as well on the speed of the movement. - N\

In our case we reached a precision of = =
approximately 8 mm® in a volume of * /"'

about 50x40x20 cm?® at 25 Hz. " 7

An exemplary 3D-trajectory of a hand . -
movement can be seen in the figure on v gy -
the right.

Time of disappearance of visible fingers in
i the video corresponded very well to an
" increase in EMG activity on the digital
+ flexor muscle. This increase is apparent by
i ./ Y sl a clear rise in EMG signal variation as
i detected by the rms-value of the signal.

Top: EMG signal of the digital flexor muscle (downsampled)
Bottom: rms-value of the EMG signal.
Red line: video detected closing of the hand

Conclusion

This project was intended to develop a single-computer system to synchronously
record markerfree hand-arm-movements and its corresponding biosignals. We
showed the validity of this concept by detecting hand-grasp movements and EMG
signals at the same time with high temporal and local precision.

Outlook

We are now able to measure upper limb trajectories with a patient safe video system
and will report on the clinical results elsewhere.

Improvements of the system aim to avoid the current constraints of the hand
detection.
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