Inputs

We have developed a custom brain-machine interface (BMl) e Extracellular recordings, local field potentials(LFPs) and electromyograms

suite using Microsoft Visual C++ that implements an array of BMI * Written in a modular fashion such that additional input modalities possible in the
tasks. This BMI suite can be used for biological inputs of single- future
unit and multiunit extracellular recordings, local field potentials
(LFPs), electromyograms (EMGs) and limb-movement param-
eters. Extracellular recordings are automatically spike-sorted
using waveform templates generated by a modified classifica- -Interfa.ce betwe.en BMI and c?lecoding algf)rithms Wri.tte.n such that any binning-based

] ] o - ] ) decoding algorithm can be integrated without modifying existing framework
tion expectation maximization(CEM) algorithm and real-time
sorting by Multichannel Acquisition Processors (Plexon, Inc.).
Template generation for two hundred units takes approximately
five minutes. Inputs can be selected via custom graphical user in-
terface (GUI), allowing arbitrary combinations to be selected for
BMI decoding. Decoding algorithms are modular and interact
using a common interface with the BMI software suite, allowing
for easy addition of new decoding algorithms.The output of the
decoding algorithms is sent to the experiment manager which
handles stimuli, feedback, and experimental procedure logic.The
behavioral task, another modular component, can be switched in
the experiment manager without affecting the operation of the

°Inputs chosen and passed to selected decoding algorithms within the BMI graphical
user interface(GUI)

Task Select

A variety of tasks can be chosen to train the subject
on, and new tasks can easily be

DeCOd i n g A I g O rit h m created to interface with all of the current

features of the BMI

*Utilized algorithms include Wiener filter, Kalman filer and Unscented Kalman filter

Quick Statistics Displa . , ,
. The bottom of the BMI graphigl us)e/r in- , .COntrOI OptIOnS . . Real Time PIOttlng
EXpe riment M dNa g er terface is updated with realtime statistics. These A wide variety of control options are available in- Ability to plot many variables, with selectability
statistics include joystick calibration data, data cluding wiener filter, unscented kalman filter, joy- for both the y and x axis. Choices include the x
sImplements behavioral task, stimuli, feedback and experimental procedure logic logging status, behavioral performance statistics, stick position, joystick velocity and assisted con- and y position of the target, cursor, joystick, assist

time and error messages trol. The degree to which each contributes to- position and time allowing for real time visualiza-

wards control is user selectable from 0 to 1 tion of parameters of interest. Also includes real
*Receives output of decoding algorithms time calculation of SNR and correlation.

On-Demand Joystick Calibration
Macaques often put large forces and stresses on the joystick,
changing the resting position such that they cursor no longer
resets to the center of the screen, creating unwanted variability
from day to day. Our BMI suite allows for automatic joystick po-
sition calibration, and automatically resets the parameters on
start-up.

*Allows for easy implementation of new tasks, without affecting other software

rest of the BMI suite.becau.se the suite uses a sténdardized inter- N-th Order Unscented Kalman Filter ® Cluster Metric S ) SNR Percent Difference Between Sorting Methods
face that smoothly links with all tasks. LAN and internet commu- -Uses unscented transform to decode neural signals under non- uster vietric >core © Modified Classification

nication via the UDP protocol allow the suite to send kinematic linear neural tuning models and autoregressive movement : e

data to other BMI workstations or collaborators around the globe models —2 2 Expectatlon Maximization .
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in real-time. Kinematic variables and algorithm predictions can | Nmrerimantiodel M Algorithm

Offline Fits

be visualized in real-time using hardware accelerated 3D graph-
ics. All experimental data is recorded via a unified logging system
that automatically saves all pertinent variables every time they
change. Finally, the system incorporates a feedback loop based .
on spatiotemporal microstimulation through multielectrode

. . The figure to the right compares the
' Ra l I N ojse Re mova I efficacy of hand sorting, pooled sort-
ing and automatic sorting. Pooled
sorting is achieved by taking all of
% Rail = the hand sortgd. u.nits on ea.ch chan-
nel and combinining them into one
unit such that there are only 128
units. For hand sorting, a researcher
with years of spike sorting experi-
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arrays implanted in brain SE€NS0ry areas. ‘ NOise Data base Removal ence sorted all data sets. The data
. come frqm a tota.l of 1§ ses.sions ina ]
Weiner Filter S (X-Y) )l\(l:vl\\llum?er of Waveforms in Cluster ankle knee éizk;?p“ﬁ!;';i': A
-Parameters fitting using Moore-Penroe pseudoinverse, ridge ¢ . - averorm bata tracked in three dimensions.
regression, normalized Least Mean Squares, and Recursive N ¥ = Noise Database Data T L L
Least-Mean-5Squares. Parameter ’ ’ ’

ever las
ot o Four levers are presented to the subject with vibrational or electrical Our BMI ]'CS primarily implemented in Microsoft Visual C++, utilizing Python,
Spikes |——>> Highpass |—3  hes [ 2| waveforms | 2| bnat10Hz stimulation applied corresponding to selected levers. Juice reward is pro- Microsoft DirectX, Linear Algebra PackagE(LAPACK), Automatically Tuned
> vided when cued lever is pulled Linear Algebra Software(ATLAS), Python to C++ interface, National Instru-
Combine pulie PR : -
5 Feature . | Heature o isualizati ments Data Acquisition Card software interface and Plexon SortClient Soft-
vector Selection predictions p [ Visualization : e . : : : .
\cquire Task ware interface, utilizing Microsoft Visual Studio 2003 as the primary editor.
LFP | —>| Lowpass | > Wi”‘i%WH > Tf;:;g:m > Select freqs ¢ ¢ Two targets are visible to the subject, but only one yields reward. Vibra-
every 1h e of interest Btror Decoding Stimuli tional or electrical stimulation applied to indicate proper target. In the
algorithms > future, three targets will be used with two frequencies of stimulation
: Integrate Downsample ¢ enter-Out Task
EMG —> L 3! Redctif > —> : : : :
OWpass Y under curve at 10 Hz Df;‘;";‘ga:;p'e 3l Buffer > P?i:f}nmgeter P | Actuators Target appears in various locations on the screen. The monkey must navi
gate the joystick cursor to the target and remain there for a user-specified
duration
- Experiment Bar Task
: Downsamp|e | Experlment . . . . . . _ _ _
Behavioral > 41100 Hz > logic I logs Monkey receives no visual indication of location of cursor or target, and DARPA/DSO/SPAWAR N66001-06-C-2019

must move the joystick in one dimension using vibrational feedback for
navigation




