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Motivation

UW Center for Neurotechnology’s Vision
Advance treatment of neurological disorders

4

Develop wireless devices that enable long-duration
(> 2 days) neural recording experiments to discover
principles of neuroplasticity

&

Wireless neural recorder

High power consumption of conventional wireless
hardware has restricted experiment durations
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Motivation W

How to efficiently uplink experimental data?

= @ ¥ ‘@ S 4 Requirements
B B B  Sensing: Sample neural signals
Day: 1 2 14 15 .- (fsample = 500 Hz minimum)

AN Wireless Energy Efficiency:
Consume less energy than
commercially available options

Reduced complexity:

Compatible with commercially
AR available receivers

—i

Animal Home Cage
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Bluetooth Low Energy (BLE)

BLE is a ubiquitous and low-cost, but it consumes too much power

FDA-Approved Blood Glucose Monitor

Implantable Optogenetic Stimulator for Rats

|
Sensor Transmitter Mobile App Insertion Tools

Senseonics 2018.

Bi-Directional Brain-Computer Interface

Tosatey | A.D. Mickle et al. “A wireless closed-loop system for optogenetic
Wiless Mcy | peripheral neuromodulation.” Nature Letters. 2019.

16 Channel AFE with
Feature Extraction Units
& PID Controller

16 Channel
Stmulxorns
12.3 mm

(woeq) Nl

Cenfiguration & Control Registers

301 mm To Coll

X. Liu et al. “Design of a closed-loop, bidirectional brain machine interface system
with energy efficient neural feature extraction and PID control .” TBioCAS. 2017.

3/22/2020 WISNET 2019 5




NeuroDisc uses an energy efficient alternative to commercial uplinks
and is compatible with billions of BLE devices

BCl

Antenna”

& Battery
not shown)

1 2
CENTIMETERS

INCHES

3/22/2020

BLE Backscatter (this work): 158 pJ/bit at 1 Mbps

IEEE 802.11n Wi-Fi: 8 nlJ/bit at 100 Mbps

Bluetooth Low Energy (BLE): 10 nlJ/bit at 1 Mbps

Zigbee: 100 nJ/bit at 0.25 Mbps

SD card: 1.24 nlJ/bit at 80 Mbps
WL1807MOD WiFi nRF24L01+ BLE

Tl.com Sparkfun.com

J. F. Ensworth and M. S. Reynolds, “Every smart phone is a backscatter
reader: Modulated backscatter compatibility with Bluetooth 4.0 low energy
(BLE) devices,” IEEE RFID Conference 2015.
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2.BLE Backscatter Communication

3/22/2020 WISNET 2019 7



&P Conventional BLE Communicationw

RF carrier generation and RF amplification
consume significant amounts of power

\ X
O T [
(Smartphones,

f, @_' : Amp. /2 A\ Tablets,PCs...)

1
Incoming Bits

i

BLE-Enabled

~9 4 GHZ Devices

Power burden
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4 BLE Backscatter Communication W

Power burden

h Carrier Wave
RF Switcl‘T Source

VIR & &

Incoming Bits

Unmodified
f1 f2 BLE-Er]abIed
Backscattered (Sm%?tvﬁﬁ%i o
Data L\ ' Tablets,PCs...)
~5 MHZ ~_ Data 7

BLE Backscatter modulation saves energy
by only switching at low MHz rates
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4 BLE Backscatter Communication W

The drawback to backscatter communication is a
less-favorable link budget

Distance R

f (::)—- BLE-Enabled
1 s Devi(r:]es

i martphones,
> @_ ! Amp. L\ Tablets,PCs...)

1
Incoming Bits

Conventional RF Uplinks

1

Pp
B (4mR)?
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4 BLE Backscatter Communication W

The drawback to backscatter communication is a
less-favorable link budget

Distance R

+— Carrier Wave h
RF SW.tCT \/\/\/\/\/\/\/\/

Carrier Wave
Source
[}

Incoming Bits

Backscattered

T~ Data 7

Backscatter Uplinks
1

(4mtR)#

‘0

nnnnnnnnnn
,,,,,,

Unmodified

BLE-Enabled
Devices

(Smartphones,

A\ Tablets,PCs...)

Pp x
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3.NeuroDisc Overview
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NeuroDisc Design

‘ Our NeuroDisc architecture meets the design requirements

Bio-potential

Dl g =~ Amplifier

Antenna”

Backscatter

uuuuu

Sensing Features
e 16 Channels
e 16-bit resolution

FPGA
Battery -
not shown)

e 296 payload bits per packet

1 2
CENTIMETERS

 Up to 500 packets per sec.

,llH]lll”llIl]lel,llll]lllglIIH]IILI,IIII]I Isl

INCHES

CENTIMETERS

Comms FPGA

Bio-potential Amplifier: Intan RHS2116. http://intantech.com/
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NeuroDisc Power Consumption

175 mW
Backscatter
FPGA
Modulator Y
Bio-Potential| SP! | | SPI CPFSK GPIO | | spDT
Amplifier Master Modulator Switch
7 3 : 0.16 mW
11 mW 24-bi] [ Data RF Loads
_ [CRC| " |Whitening ANALOG COMMS.
7
6 mW DIGITAL BASEBAND
5 | <1% I Bio-Potential Amp
io-potentia 6% 3% I FPGA (Static)
Backscatter Argp"fier [ FPGA (Dynamic)
Modulator [ |Backscatter Modulator

FPGA 4

. ’Hl||Hl1l,llll,lllzl,|lll||l|4,|||l]|lg|lll||l||5I'| el
CENTIMETERS

Comms FPGA oM
Power Consumption Breakdown
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Backscatter
FPGA
Modulator Y
: : GPIO
Bio-Potentiall SP1| | SPI CPFSK | SPDT
Amplifier Master Modulator Switch
! f -
24-bit Data RF Loads
CRC [~ | Whitening ANALOG COMMS.
DIGITAL BASEBAND
Backscatter Big‘xglt%gtrial
Modulator

Complete system could be integrated

onto a single chip to further reduce
size, weight, and power

FPGA

, ’llll[lll1|,|lll||llzl,llllllll;,lllllll&lllllIllllsl

CENTIMETERS

Comms FPGA
Intan RHS2116. http://intantech.com/
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4. Experimental Results
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Experimental Results

Uplinked data shows good agreement with original data

- 2 meters >

+20 dBm «—— 1 meter —K7~<— 1 meter —X7

Amplifier NeuroDisc nRF51822 Common BLE

| | Devl. Kit chipse t

RF Signal Signal PC

Generator Generator
f=2.4065 GHz 1.0 Hz Sine Wave
2 mVpp
a Wireshark BLE Backscatter Test.pcapng - o .
File Edt View o Copture Aralee  Satisties  Telephony Wieeein Tesh  Haelp O . .
Tmae 2B QeesT i Eaaqamn _ Sine Wave: _1.0 Hz, 2.0 mVpp
.| bﬁwﬂ w4 EEOT I o8 M) = | Expression = > Measured Slgnal
interface |(COM20 ™ Devicn |/ * | Pk aern (23 Tk Dty Lo g 1 ’ \
Pl Tirre Lo Lergth =0 Do e e q)
1553 XR.5571B1 Q4112 r@7:21r44108 4% O ;BEI1199] Dj
B8] TE. GG  Q8:13:@F:3ic44:88 45 O LOELID03 CU O
I8EE XE.B71%R2 14:12:07: 21 :44:08 4% D S BR11R0N :
L6780 XB, 075545 14;13:@87;: 21 44;80 A% i » ML 150G (@]
1673 ¥5.186218 Q4112 r@7:21 44108 4% O ;BE11998 >
1676 ¥0. 208515 A4:13:@7:21:44:08 4% O o DB T O
I&7H ¥9.409212 14:12:07: 21 :44:08 4% D o B 2O _1
IERl ¥5,527112 D4:13:@87;:21:44;80 A% i » B PR
IEES 35, 544974 By 13p@7: 231 rdd 188 4% 0 5 el ] BT 1
f&Es T, PS2ITEY  A14:12:-@F:21:44:88 4% O o+ DB BBE3 0 2 5 5
I&ET 9. Bad@zy 14:12:87: 2144 :08 A% Da o S MR -
IERES W9, B67712 Q4512 :87; 21 ;44008 A% 0¥ 4 B SRS H
ADC data encoded as ASCI characters Time [sec]
Screenshot from Wireshark Sensor data can be reconstructed at the receiver

3/22/2020 WISNET 2019 17



Experimental Results

NeuroDisc can successfully uplink sensor data

2 meters >
‘Z— 1 meter —KZ-— 1 meter —§7
ifi ; nRF51822
Ampillfler NeuriJDlsc Dev. Kit
I
RF Signal Signal
Generator Generator PC
f=2.4065 GHz Pre-recorded
Neural Data
100
=
=
— -100
D
()]
o
o Uplinked Data
> Pre-record Data
-400 | |
0 0.5 1 1.5
Time (sec)

Sensor data shows good agreement with the original data
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Experimental Results

NeuroDisc can successfully uplink data from within a metal animal cage

CW Source "-'[]
i —| Coax Cable Coax Cable[nRF51DK |_USB i
1 ] PC runnin
et W Antenna || BLE X Aenna / Viredhs
Primate Cage 41cm @
Smartphone
Plane 3 S
___________________________________ X
Tissue &, E
NeuroDisc Phantom @
‘ 93 cm
Plane 2 *._|Cage Dimensions
1 ......... 0
Foam | v Yb e 0
Metal Seat N § rsst: A ATTA O
Plane 1 g i 7.6 cm —ococs 08T & ks
2 3 4 5 6 7 Successful reception of packets outside the cage on
7.6cm X Axis

an unmodified smartphone
Test setup within a metal monkey cage

J. Rosenthal, A. Pike, and M. S. Reynolds. “BLE Compatible Backscatter Communications
in an Animal Home Cage.” IEEE RFID Conference. 2019 (under review).
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5.Conclusions & Future Work
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@ Conclusions & Future Work \", '/

e Validated that the NeuroDisc meets the intended
design requirements

e Demonstrated that BLE Backscatter could be a viable
alternative to commercially available uplinks
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@ Conclusions & Future Work \", '/

Future Work
* Develop a single chip implementation

* Validate the BLE backscatter uplink in in vivo
experiments

* Improve distance/compliance with single sideband
modulation

 Multi-mode uplink: Integrate BLE backscatter with a
25 Mbps UHF backscatter communication
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Thank you for your time!

Questions?

CENTER for NEUROTECHNOLOGY ﬁ% E
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Range Testing
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