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CNEC Y Thresholding of Neural Signals to Optimize Decoding Accuracy
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Center for the Neural Basis of Cognition, Department of Ophthalmology, University of Pittsburgh

Motivation Tuning curves change with threshold Individually thresholding channels did not increase

- Brain-Computer Interfaces rely on large-population recordings to reliably decode decoding accuracy

. . g Keeping or discarding different amplitude bands from an electrode’s recorded spikes
signals encoded In neural activity

can isolate individual neurons or multi-unit groups from the threshold crossing data.

| , o , - Separating electrode channels into multiple exclusive bins (see left column) creates
This can In turn reveal distinct tuning among those neurons

»Recording electrodes may record from multiple neurons on a single contact as well .
additional pseudo-channels

as noise, degrading avallable single-unit information

*Question 1: Is there a global threshold that optimizes decoding of the Normalized Firing Rate (unitless) Electrode 4 . Pse|y<10-channe|s Can|‘eltger ﬁe Fecfmbmid Idn'to hléighdand lhoW imlg!ItUde cannes
. ormatize IriNg rRate (unitiess
memory-guided saccade task? T ” \:0 L (splitting) or low amplitude channels can be discarded (rethresholding)

* Where to split or rethreshold can be set individually for each channel

- Question 2: By setting the threshold of each channel separately can decoding | o 0.8
performance be improved?

3 » This selection affects the tuning of each pseudo-channel, which can affect the
overall decoding accuracy

mn
()]
@
=
=
Q
. o 'g 340 Electrode 4 All Electrode 4 Below Electrode 4 Above
-, _ | . | _ : ] | = | , .
Memory guided saccade task g 0 & E g 300 8 0]
L ’ 8320 g 3
3 2 2 “ " L 225 —
s 5. | [ S N "~ s
g 330 :03300 /\ | — E /\+§20 — \/
8 potential targets S @ - 260 |
= 280 - o o 19 ]
02, 50 100 150 200 250 300 350 270 - 260 : | | L 240 ' ' ' L 10! ' _
Anal 0 90 180 270 360 0 90 180 270 360 0 90 180 270 360
ngte Ang|e Angle Angle
. . . . _ 340 IEIectrolde 4 AIII B Electrodg 4 Belolw _ Ellectrodg 4 Aboye
Decoding accuracy optimal within broad range 5 5 300, S 0]
g 320 ¢ 25| -
a1 r . - 3.280] s |
£2’3(x)_ _IIIIIJEL ..I.igl i /////////i
1 v | 260 g
83280 | o o 15]
0.9 N = = =
" 260 | | | " 240 ' | 110! ' ‘
08 F | 0 90 180 270 360 0) 90 180 27 360 0 90 180 270 360
Angle Angle Angle
0.7 ]

] Deciding on a per-channel split/discard threshold proved to be a difficult problem
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Dual Utah array (96 electrode)
recordings in both hemispheres of
dorsolateral prefrontal cortex (dIPFC) in
one rhesus macaque
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» Spikes are sorted into exclusive bins based on their largest amplitude reached. The

Splke times extracted via th reshold crossing baseline noise level of the channel Is calculated as the median absolute deviation In

Extracted spike times are sorted into several exclusive bins based on the maximum microvolts of the first five seconds of the recording. The thresholds are then

. . . . lcul Itipl f th Ise level h that the threshold 2
amplitude that the spike waveform achieves and summed together to create a firing calculated as multiples of the noise level such that the threshold

rate based naive bayes decoding model

- Contains spikes whose largest amplitudes were between 2 and 3 times the noise
individual Waveform level, threshold 3 contained spikes with maximum amplitudes between 3 and 4
times the noise level, and so on. In the figure above, designations such as 24+ mean Conclusion
that all spikes in thresholds 2 and above were included.

Threshold Multiple or Splitting Schema
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» Deciding on a threshold to record large-population neural activity at can affect

* A naive bayes decoder was trained on the spike counts from the recorded data |
overall decoding accuracy

thresholded at specific multiples of the noise level. this model was then used to

o

Voltage (uV)

100 predict a held out test set from the same recording. Decoder performance is * A wide range of relatively permissive global recording thresholds produced

200 robust to changes in threshold for this task, with lower thresholds producing the equivalent decoding accuracy in PFC

a0l best cross-validated results. - Setting a recording threshold for each electrode can significantly change the
electrode’s tuning, but it is difficult to decide on a threshold selection scheme that
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Increases decoding performance on a population level
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