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Outline

* My LSL Use Cases

e Streaming Motion Controllers

» Streaming Game Engine Events (in VR)
e Streaming intracranial neurophys data
 Remote control LabRecorder



My LSL Use Cases



Location

PhD Jon Albany, EEG-BCI;
Wolpaw  NY USA Rat reflex

Postdoc  Junichi Keio, EEG,
Ushiba Yokohama, TMS,
Japan fMRI, BCI

for rehab
Sr. Adam Ottawa, BCI for
Research Sachs Ontario, PD
Associate Canada therapy;
(pictured)  invasive
BCI

Winter/Summer in
Ottawa, Ontario, Canada



LSL Contributions

. Apps
T 2

1608-FS (maybe others) MeasurementComputing
Unreal Engine 4 Epic Games Q /SachsLab/Isl-ue4
Epoc+ EMOTIV emotiv
g.USB, g.Hlamp, g.Nautilus g.tec g.Tec/gNEEDaccess
Wiimote, Wii balance board  Nintendo wiimote
Various VR systems Valve, HTC, various OpenVR

* Cross-platform build system (cmake)

* Devops

e Language wrappers (Python, C# - Unity)
* XDF

e Support on GitHub and Slack



Brain-Computer Interface

| Signal Feature Feature Commands |
A SS | st ive Acquisition Extraction Translation |
communication Induce and

device guide adaptive
plasticity

Applications

Wolpaw and Wolpaw, 2012



Clinical &

Research
Setting 1

Instrument
Table

Lin et al., Journal of Medical Sciences, 201

Neurologist

Assistant ‘

Neurosurgeon

Instrument Table

Navigation System
ﬁnd Camera
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Microelectrode Mapping

pars reticulata

0 1

Camalier et al., Front. Neurol. 2014
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- ) [19:12:23) {"Ubjectinto™: { _IsVIsible itrue, _ISSKINUN :true, _identity " ki
UnityEngine .Debug:Log(Object)

[19:12:23] {"TrialState": {"trialIndex":31,"madifier":0,"condition":5,"respo
UnityEngine Debug;Log(Object)

[19:12:23] {"Input”: {"trialindex":31,"selectedObjectClass": "Fixation","in
UnityEngine Debug:Log(Object)
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Prototype from Justin Sutherland of the Realize Lab at OHRI/TOH




Clinical &
Research

Setting 2

Motor Cortical Prosthetics Cognitive Neuroprosthetics

Neuro Cognitive
Communicator (NCC-1701)
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| SL Details



Motion Controllers
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Kalman Flker Information Flow

Device SDK
(OpenVR—>SteamVR)
maintains internal model of

kinematic behaviour and
current state estimate.

Predicts state at t from
current state at t;,.

Updates state whenever it

HK gets new sensor data.
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* IMU update ~ 500 Hz
* Optical update ~ 60 Hz



OPENVR

Q/Iabstreaminglayer/App-OpenVR
Z

A

5¢ y
P(2,3,5)

x Euler Angles

Pose=P,, P,, P, O, O, O,
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o= O O

Translation.x] [1 0
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Translation.z | |0 sin (8)
1 0 0

0
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cos (8)
0
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0 0
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o

ARy ~ummary

e https://github.com/labstreaminglayer/App-OpenVR &

* Pose represented as 12-channel (per device)
stream
* 12-channels reshape to 3x4 transformation matrix

* Because it’s easy to use,
* Also that’s what OpenVR gives us.

e Sampling rate is flexible, 1 kHz more than
adequate.

e Samples are actually “predicted” poses



https://github.com/labstreaminglayer/App-OpenVR

Game Engine Events
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&unity

/labstreaminglayer/liblsl-Csharp
/xfleckx/LSL4Unity

Developer Entry Points:

Poll Input

Update
FixedUpdate

Animation

LateUpdate

Render

Awake
I
OnEnable

v

Reset is called when the script is attached and not in playmode. Reset

Start is only ever called once for a given script. Start

<

«
r—‘_\
\ 4

The physics cycle may happen more than once per frame if FixedUpdate

the fixed time step is less than the actual frame update time.

Internal physics update
|
OnTriggerXXX
1
OnCollisionXXX

I
yield WaitForFixedUpdate

-

OnMouseXXX

Update

yield null
yield WaitForSeconds
yield WWW
yield StartCoroutine
I
Internal animation update

If a coroutine has yielded previously but is now due to
resume then execution takes place during this part of the
update

LateUpdate

OnWillRenderObject
OnPreCull
OnBecameVisible
OnBecamelnvisible
OnPreRender
OnRenderObject
OnPostRender
OnRenderimage

v

OnDrawGizmos

v
L}
WaitForEndOfFrame

OnApplicationPause is called after the frame where the
pause occurs but issues another frame before actually pausing.

OnDrawGizmos is only called while working in the editor.

OnGUI is called multiple time per frame update.

OnApplicationPause

-~

OnApplicationQuit

OnDisable is called only when the script was disabled during

the frame. OnEnable will be called if it is enabled again. OnDisable

OnDestroy

Physics

Game
Logic

Rendering




Each state transition generates a JSON string which is
emitted over LSL.



Jitter

- Latency
Q unity Sl l |
.nev J !
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&unity

Poll Input

\

Update

\

Animation

\/

LateUpdate

\

Render
GPU

\

Frame Buffer

\

Swap Pixels

Photodiode
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&unity

Poll Input

\

Update

v

Animation

\/

LateUpdate

\

Render
GPU

\
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&unity

Poll Input

\

Update

\

Animation

\/

LateUpdate

\

Render
GPU

\

Frame Buffer

\

Swap Pixels
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xdf
8 - _
B PC - Vive
7 -
6 -
5 -
4 .
3 -
2 -
1 -
0 T T T T T

T
17.5 20.0 225

T T
25.0 27.5 30.0
Mirror Audio Delay (ms)

32.5

35.0 37.5



&unity Summary

* Use waitForEndOfFrame hooks to send triggers.

* LSL markers good enough for video onset.
* But characterize total delay first!

e Audio events should be recorded (with mirror)

* Not shown: Audio latency can be made more
consistent by having the engine continuously
output audio.

* But still bad.
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% /pupil-labs/pupil

4 )

. Plugin
Interface

Pupil Service

\ y
Subscribe st
Qunity % /labstreaminglayer/App-PupillLabs
% /pupil-labs/hmd-eyes 1 Stream, 22 channels:

Confidence, gaze on screen, gaze in
world, pupil diameter, etc.



* https://github.com/labstreaminglayer/App-SMI Eyetracker

. https://github.com/labstreaminglaver/App-TObii

. https://github.com/labstreaminglaver/App-TObii Pro



https://github.com/labstreaminglayer/App-SMIEyetracker
https://github.com/labstreaminglayer/App-Tobii
https://github.com/labstreaminglayer/App-TobiiPro

Q SachslLab/custom neuropype/NSLRHMM.py
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A new and general approach to

signal denoising and eye movement

classification based on segmented

linear regression

Jami Pekkanen( & Otto Lappi


https://github.com/SachsLab/custom_neuropype

Streaming Intracranial Neurophysiology

Digital Hub 128




Neural data can be high
dimensional

960 sites, 1 cm|

NeuroPixel

Neuralink

neurons

raw spikes

time

—>

neurons

smoothed or
trial-averaged

w/\,.—-v-
time

https://github.com/ahwillia. @ltsNeuronal

:-‘ lA


https://github.com/ahwillia

Neural data can be high
dimensional

Recordings from a 96/128 channel Utah
Arrays in the lateral prefrontal cortex and/or
primary motor cortex.




Invasive Source Considerations

* Huge amount of data
e 256 channels * 30 kHz * 16 bits = 15.36 MB/s
e Can your network handle it?
* Can your data storage handle it?

* How to represent the different types of data?
* LFP
* Spike events
* Waveforms



Raw data @ 30 kHz
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Filter

=
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Spike waveforms

300

uv
(@]

—-300

0 0.001
Time (s)

Spike data (250 — 7500Hz)

300

:L

—-300

—600 0.75 1.0

1=
9]

0.0 0.25
Time (s)

300

Spike events

0.0 0.005 0.01 0.015 0.02
Time (s)

X"

=300 0.025
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Waveform stream:
* [ntl6

* irregular rate 2 one sample per waveform

300

200 |

100 |

—-100 |-

—-200 |

-300

* 50 “channels” - electrode_id, waveform_id (1-5), 48 time points

1.8




Spike Events
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lnvasive Source Summary

* Huge amount of data
e 256 channels * 30 kHz * 16 bits = 15.36 MB/s
e Can your network handle it?
* Can your data storage handle it?

* Data are already accessible on the network
e https://github.com/dashesy/CerelLink

. https://github.com/labstreaminglaver/App-BlaCkrOCkTimeStam_DS
e Streams hardware sample number with LSL timestamps.



https://github.com/dashesy/CereLink
https://github.com/labstreaminglayer/App-BlackrockTimestamps

Remote Control
LabRecorder



Remote 1 Python

Control |
Socket |

<=1 Matlab

Lab ¢_‘

Recorder
= CH

(Qt: change filename, ( U N |ty)

start/stop recording)

ipe = new IPEndPoint(IPAddress.Parse(LRInIP), LRInPort);

lrSocket = new Socket(ipe.AddressFamily, SocketType.Stream,
ProtocolType.Tcp);

lrSocket.Connect(ipe);

string msg = "start\n";

Byte[] bytesSend = Encoding.UTF8.GetBytes(msqg);

lrSocket.Send(bytesSend);

Postdoctoral Fellow
Guillaume Doucet
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