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=  Communications theory and signal processing

= Vehicular communications (IVN/V2X) and security

= Biomedical communications & signal processing

= |nvasive and non-invasive brain machine/computer interface (BMI/BCl)

= Advanced communication systems including 5G/6G cellular, 10T/D2D/M2M, and mm-
wave systems

= Cyber-physical systems (CPS) and physical layer security
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| Brain-computer interfaces
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Signal acquisition

| Brain signal acquisition methods (Electric & magnetic signals)

Signal acquisition
methods
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> Signal acquisition

| Brain signal acquisition methods (Chemical & optical signals)
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James A. Frank et al., Nature Biotechnology (2019), Melissa R. Warden et al., Annu Rev Biomed Eng. (2014)
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Signal processing

processing

@ Filter

- High pass filter

- Low pass filter

- Band pass filter
@ Noise cancellation

@ Time dependent analysis

- Average

- Standard deviation

- Correlation

@ Frequency dependent analysis
- Fourier transform

- Power spectrum

@ Time-frequency dependent analysis
- Short time Fourier transform

- Wavelet transform

@ Statistical models

- Autoregressive model

@ Functional connectivity

Convergence Research Review vol.4, no.4, Convergence Research Policy Center (2018)

@ Machine learning

- Supervised learning
: Support vector machine
: Artificial neural network
: Linear regression

- Unsupervised learning
: Principal component analysis
: K-means clustering

N
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Company Device Type Status

CorTec AirRay ECoG implant FDA approved

Blackrock Microsystems Utah Array Intracortical implant FDA approved
NeurolLutions IpsiHand EEG Clinical

Synchron Stentrode Intravascular implant Early clinical feasibility study
NeuroNexus Technologies Matrix Array Intracortical implant Preclinical

lota Biosciences MNeural dust Wireless microimplants Preclinical

Ad-Tech Medical Epilepsy/LTM ECoG implant FDA approved

Eric Smalley, “The business of brain-computer interfaces”, Nature Biotechnology News Feature (2019)
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Brain stimulation & methods

| Brain stimulation
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| Brain stimulation methods

® Modality ® |nvasiveness
- Electrical - Invasive
- Magnetic : Deep brain stimulation (DBS)
- Optical - Non-invasive
- Chemical : Ultrasound

: Transcranial magnetic stimulation (TMS)
: Transcranial direct current stimulation (tDCS)
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> Parkinson’s disease (PD, I}?1=t)
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History of deep brain stimulation

| Timeline of technology development for DBS

Lawrence Pool

performs first Benabid et al. DBS device Availability of
chronic DBS First fully report successful capable of DBS system
intervention using | | implantable treatment of simultaneous with wireless
asilver electrode cardiac DBS is mainly tremor with DBS, Rechargeable | | stimulation recording
connected to an pacemaker used for the ushering in the DBS batteries | | and recording | | capability and
induction coil introduced treatment of pain modern era of DBS available introduced 3T compatibility

1958 1999 2002 2009 2013 2015 2020

1963 1970s 1980s 1987

1947 1948

I I

Spiegel and Delgado uses a ‘External’ DBS First fully Dual channel Quadripolar Closed-loop Directional
colleagues develop ‘stimoceiver’ to systems in use, || internalized DBS IPG, allowing electrode responsive DBS electrode
their stereotactic wirelessly inhibit | | with handheld systems available. | | two electrodes | | commercially | | DBS system commercially
frame'*, followed aggressive radiofrequency | | Lithium batteries | | to be powered available introduced to available
in 1949 by the behaviour in transmitter greatly extend by one battery treat epilepsy
arc-based Leksell a bull**? implant life
frame
= 11.27mm
J0.5mm
J1.5mm

W =

Joachim K. Krauss et al, “Technology of deep brain stimulation: current status and future directions”, Nature Reviews 2020 A
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@ Thresholding [ :Beta power average over 2 seconds

STN electrical recording
(For M1—=STN coherence analysis)
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= J[EAFAR(1)

= Beta burst duration based closed-loop DBS
Tinkhauser, Gerd, et al. "The modulatory effect of adaptive deep brain stimulation on beta bursts in Parkinson’s disease."

Brain 140.4 (2017): 1053-1067.
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= MPTP induced PD model neuronal characteristics

Tachibana, Yoshihisa, et al.

"Subthalamo-pallidal interactions underlying parkinsonian neuronal oscillations in the primate basal ganglia.”

European Journal of Neuroscience 34.9 (2011): 1470-1484.
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> Closed-loop DBS

* Spike 3 LFP 7|t H[0| 20 3k 447
1,419 32 BB STNAS Bl Als 5

2. Artifact removal, filtering, spike sorting 2} 22 A@X{2| =
.l

H L= o

3. Spike TifEd % L FP 2412 Sl Ho| Q05 MH

Voltage [p1V]

Voltage [pV]

200

150

100

(%))
o

&
=]

-100

1500

1000

500

0

-500

-1000

-1500

-2000

-2500 ——

-3000

46 46.1

o

Raw signal
----- Threshold

‘ ‘
b [

\ L4 [ |
», i .....- . g ," e |"\ ’l ” !

N N N S N N N S

46 46.1

46.2 46.3 46.4 46.5 46.6 46.7 46.8 46.9 47
Time [sec]

——Raw signal

----- Threshold

(I

46.2 46.3 46.4 46.5 46.6 46.7 46.8 46.9 47
Time [sec]

<PD 2 DBS M, 52| STN 2= 53>

Voltage (V]

-100

Voltage [pV]

\
5011

-50

100—

N A OO @
o O

Siai

&S A
S

Spike signal
----- Threshold

I |

Lt

1T |

!‘ | l Lo AL LI LIA

o

I

46.3 46.4 46.5

Time [sec]

46 46.1 46.2 46.6 46.7 46.8 46.9 47

120—

Spike signal
----- Threshold

Ll L L

o

1=

A N S I B
46 46.1 46.2 46.3 46.4 46.5 46.6 46.7 46.8 46.9 47
Time [sec]

<Artifact removal % bandpass filtering> |

~

N\

A



¢let 2= HO|03H 2=

’ Closed-loop DBS
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> Closed-loop DBSE $i¢t 2 H H{0|20H W=

1. Field potential
1) Amplitude
- Instantaneous amplitude of the field potential

2) Phase
- Instantaneous phase of the field potential

3) Burst duration
- Time difference between the onset of a burst and the end of the burst

(EX) Definition of burst dynamics using the specific threshold

' Burst
Amplitude Burst Burst duration

duration duration
Threshold

= Percentage of 75th |~

Time
4) Cross-frequency coupling (CFC)
- Interaction between two oscillators with different fundamental frequencies
(EX) Phase-amplitude coupling
:The phase of low-frequency modulates the amplitude of high-frequency oscillations

5) Coherency
- Correlation coefficient between two field potentials in the frequency domain
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2. Spike
1) Firing rate
- The number of spikes per unit time

2) Inter-spike interval
- Distribution of time differences between occurrences of spikes
(EX) Kurtosis

3) Spike-field coherence
- Correlation coefficient between unit activity and ongoing oscillations (field potentials)

(Ex) Phase-locking
:Measuring how neurons tend to fire spikes at particular phases of field potential activity

0.04

0.03

0.02

Phase (in rad) Phase (in rad)

The distribution of LFP phases at spike times for neuron 1, 2

Martin, et al., 2016. % !
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