Dataset for "Error detection and correction in intracortical brain—machine interfaces controlling
two finger groups"

Prepared by Dylan M Wallace

Contact cchestek(@umich.edu with any questions or requests for additional data

Description: This is data from Wallace, Benyamini et al., 2023, Journal of Neural
Engineering. There are two sets of data included:

1. Neural features and error labels used to train error classifiers for each day used in the
study

2. Trial data from an example experiment day (Monkey N, Day 6), with runs for offline
calibration, online brain control, error monitoring, and error correction.

The purpose of this study was to investigate the use of error signals in motor cortex to improve
brain-machine interface (BMI) performance for control of two finger groups. All data is
contained in .mat files, which can be opened using MATLAB or the Python SciPy library.

Methodology: Two adult male rhesus macaques (Monkey W and Monkey N) were implanted
with Utah arrays (Blackrock Microsystems, Salt Lake City, Utah) in the hand area of PCG,
which typically includes both M1 and PMd in monkey cortex, and one monkey was additionally
implanted with a Utah array in sensory cortex (not used in this study). The arrays in both
monkeys were over one year old at time of study. The monkeys were trained to sit in a chair and
use a hand manipulandum to control virtual fingers on a screen and move the virtual fingers to
target positions. The angles of the virtual fingers were determined from bend sensors embedded
within the hand manipulandum.

Neural data was recorded from 96 channels within the motor cortex and processed via a Cerebus
neural signal processor (Blackrock Microsystems). Spiking-band power (SBP), which was
demonstrated to be well correlated with single-unit activity by Nason et al [1], was used as the
neural feature. The quality of the neural signals was inspected visually, during daily setup, and
channels with visible noise were excluded from decoding and analysis. Channels were
referenced to the average activity of all the remaining channels as detailed in Ludwig et al [2].
Monkey W performed a single degree-of-freedom finger task, detailed in Vaskov et al [3] while
monkey N performed a two-finger task, previously developed in Nason et al [4].
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Files Included:

1. Classifier Data:
a. MonkeyN Error Classifier Data Day 1.mat
b. MonkeyN Error Classifier Data Day 2.mat
c. MonkeyN Error Classifier Data Day 3.mat
d. MonkeyN Error Classifier Data Day 4.mat
e. MonkeyN Error Classifier Data Day 5.mat
f. MonkeyN Error Classifier Data Day 6.mat
g. MonkeyW Error Classifier Data Day 1.mat
h. MonkeyW Error Classifier Data Day 2.mat
2. Trial Data:
a. MonkeyN Offline Calibration Trials.mat
b. MonkeyN Online Brain Control Trials.mat
c. MonkeyN Online Error Monitoring Trials.mat
d. MonkeyN Online Error Correction Trials.mat

Data Description:

1. Classifier Data: This is a .mat file containing the data used to train and test (offline) the
error classifiers used in this study. Contains ‘TestData’ and ‘TrainingData’ structs.



Within these structs are data for each finger group (Index & MRS for Monkey N, Index
for Monkey W). Two matrices per finger (flex & extend) represent the neural data (T bins
for each masked neural channel used for decode), with rows representing bins and
columns representing features (channels*T). Two vectors per finger (flex & extend)
represent the ground truth labels used to train and test the error classifiers. 0 represents no
prediction (inconsistent direction), 1 represents predicted error, and -1 represents no
predicted error.

Trial Data: This is a .mat file created by a MATLAB script to generate an indexable data
format that includes important data and information gathered during a real-time BMI
experiment. The file is generated from behavior, parameters, and neural data files logged
for every trial during the experiment. The files are organized with a number of rows of
data representing each trial of the experiment run. The subsequent columns include
parameters and data collected during that trial. Relevant fields in the structure are
described below:

a. ‘MoveMask’: A row vector describing which fingers are being used for control:
i. Index 1 = Thumb
ii. Index 2 = Index
iii. Index 3 =Middle
iv. Index 4 = Ring (Also Middle-Ring-Small (MRS) group)
v. Index 5 = Small

b. ‘TargetHoldTime’ (ms): The length of time that the finger(s) from the
MoveMask must be held in the target(s) for to complete the trial. Typically, is not
changed during a run. 750 ms used for “offline” training runs, and 500 ms used
for “online” brain-control runs.

c. ‘TargetScaling’ (%): The relative scaling of the finger target(s). All runs used in
this study use a scaling of 100%.

d. ‘TargetPos’: A row vector describing the positions of the target(s) used for each
trial. A target of -1 indicates no target present for that finger (if finger is not
specified in ‘MoveMask’). Positions range from 0.0 — 1.0, and represent the
fractional percentage of flexion, where 1.0 is 100% flexed. The position
represents the center of the target, and at 100% scaling the target will take up 15%
of the flexion range, centered at the given position.



‘TrialTimeoutms’ (ms): The total amount of time the monkey has to complete a
trial before the trial is considered a failure.

‘ClosedLoop’ (0/1): A boolean flag representing whether the trial is being
controlled in closed-loop, or brain-control in this situation. For online runs/trials
this will be 1, and for offline runs/trials it will be 0.

‘TrialSuccess’ (0/1): A boolean flag representing whether a trial was completed
within the given trial timeout.

‘FingerAnglesTIMRL’: A matrix representing the real-time positions of each
physical finger group, sampled every 1 ms. Positions range from 0.0 — 1.0, and
represent the fractional percentage of flexion, where 1.0 is 100% flexed. Rows
represent samples and columns are each finger group as described in
‘MoveMask’. These values are only used for offline calibration runs, as the
‘Decode’ field controls the virtual hand during online brain control runs. During
online runs, they still represent the position of the physical hand, but do not
necessarily represent the position of the virtual hand.

‘ExperimentTime’ (ms): A vector representing the time in ms since the run
began. For each trial, this is the times for each sample in that trial.

‘NeuralFeature’: A matrix representing the spiking band power for all 96
channels accumulated each ms corresponding to ‘ExperimentTime’ (rows = ms,
columns = channels), acquired via the following procedure:

i. Filtered to 300-1,000Hz using the Digital Filter Editor in the Central
Software Suite (Blackrock Microsystems, LLC).

ii. Sampled at 2 kilo-samples per second.

iii. Transmitted from the Cerebus system to the xPC Target system (see
methods in the main paper) at 2 kilo-samples per second.

iv. All samples received by the xPC within 1 ms are absolute-valued then
summed within each channel, contained in the ‘NeuralFeature’ field.

‘SampleWidth’: A vector representing the number of ‘NeuralFeature’ samples
received by the xPC during each 1 ms, corresponding to ‘ExperimentTime’.

‘Decode’: A matrix representing the decoder output for each 1 ms. Decoder
output is only updated every bin (50 ms for all data in this study), so this data will
repeat 50 times before updating. This field is not used during the offline
calibration runs, but is used during all online runs.



i. Columns 1-5: Represent the position predictions for each finger group
using the threshold crossing firing rate (TCFR) neural feature, which is not
used in this study.

ii. Columns 6-10: Represent the position predictions for each finger group
using the spiking band power neural feature, which is recorded in
‘NeuralFeature’. Positions range from 0.0 — 1.0, and represent the
fractional percentage of flexion, where 1.0 is 100% flexed. Finger groups
not set in ‘MoveMask’ set to -1.

1ii. Columns 11-15: Represent the velocity predictions for each finger group
using the spiking band power neural feature. Velocity is percentage
flexion/100 per bin. Finger groups not set in ‘MoveMask’ set to 0.

iv. Columns 16-20: Represent the thresholded error classifier predictions for
each finger group using the spiking band power neural feature. 0
represents no prediction (inconsistent direction), 1 represents predicted
error, and -1 represents no predicted error. Finger groups not set in
‘MoveMask’ set to 0.

v. Columns 21-25: Represent the unthresholded error classifier predictions
for each finger group using the spiking band power neural feature. Finger
groups not set in ‘MoveMask’ set to 0.

m. ‘TrialNumber’: A vector representing the number of each trial during the
experiment run.



